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Preface to ”E-learning and Digital Training in
Healthcare Education: Current Trends and New
Challenges”

This book is dedicated to the current trends and new challenges that have emerged from the

new e-learning environment, focusing on its potential to revolutionize Healthcare Education and

exploring how it may help to better prepare future healthcare professionals for their daily practice.

“E-learning and Digital Training in Healthcare Education: Current Trends and New Challenges”

contains several research articles focused on new insights into the use of interactive and intuitive

e-learning tools and innovative teaching methodologies that engage healthcare students in the new

web-based environment training. It also includes several case studies of ‘pathfinder’ e-learning

initiatives and surveys related to the penetration and acceptance of digital training in Healthcare

Education.

Luı́s Proença, José João Mendes, João Botelho, and Vanessa Machado

Editors
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Abstract: The outbreak of Corona Virus Disease 2019 (COVID-19) in various countries at the end
of last year has transferred traditional face-to-face teaching to online education platforms, which
directly affects the quality of education. Taking user satisfaction on online education platforms
in China as the research object, this paper uses a questionnaire survey and web crawler to collect
experience data of online and offline users, constructs a customer satisfaction index system by
analyzing emotion and the existing literature for quantitative analysis, and builds aback propagation
(BP) neural network model to forecast user satisfaction. The conclusion shows that users’ personal
factors have no direct influence on user satisfaction, while platform availability has the greatest
influence on user satisfaction. Finally, suggestions on improving the online education platform are
given to escalate the level of online education during the COVID-19 pandemic, so as to promote the
reform of information-based education.

Keywords: public health emergencies; online education platform; user satisfaction prediction;
emotion mining

1. Introduction

The global spread of COVID-19 resulted in the suspension of classes for more than 850 million
students worldwide, disrupting the original teaching plans of schools in these countries and regions.
Soon later, many countries started to offer online teaching to students by Zoom, Skype, FaceTime,
etc. in order to promote online education and restore the normal teaching order, and on 6 February
2020, the Ministry of Education of the People’s Republic of China announced to vigorously support
information-based education and teaching, and enhance the platform’s service capacity to support
online teaching. In response to the outbreak of the epidemic, the online classroom has become a
necessary way to maintain normal teaching order. Ding Ding, Fanya, and other office meeting software
tools in China deliver services such as an online classroom and online teaching. However, these online
education platforms have problems such as system jams and the inability to replay live broadcasts.
It is necessary to study whether these network education platforms can meet the needs of teachers and
students, whether the network teaching can complete the teaching tasks with high quality, whether
the network education can become an effective means of special period education, and put forward
suggestions to promote the development of network education according to the research results.

At present, scholars in various counties have carried out studies on online education platform
evaluation, including using an analytic hierarchy process (AHP) and the partial least square method to

Healthcare 2020, 8, 200; doi:10.3390/healthcare8030200 www.mdpi.com/journal/healthcare
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establish the satisfaction evaluation system of online education platforms. For example, Wilbur [1]
conducted a structured self-assessment and peer review using an instrument systematically devised
according to Moore’s principles of transactional distance to evaluate the online component of a
blended-learning degree program for pharmacists, and he found that a number of course elements for
modification could enhance the structure, dialog, and autonomy of the student learning experience.
Ryan et al. [2] reported the results of a pre-post-test questionnaire designed to evaluate the impact of
the professional development intervention, and the analysis showed high scoring means with many
items in the questionnaire statistically significant (p < 0.05, CI = 95%). Chiao et al. [3] constructed
a virtual reality tour-guiding platform and 391 students from a technological university in Taiwan
participated in the study. The results indicated their learning effectiveness and technology acceptance
within the education system. However, these traditional methods have some shortcomings in the
evaluation process, such as complex calculation and unreasonable weight determination. In addition,
the main forms of online education in the past were watching public classes of famous universities and
tutorial videos of institutions. However, during the epidemic period, online education is mainly in
the form of class-based teaching by teachers of their own school, which is an extension of the original
offline education. Previous studies on the satisfaction of online education platforms did not take the
new factors brought by the epidemic into account, such as ease of use and quality of interaction.

Based on this, combined with the background of public health emergencies, this paper evaluates
the online education platform in China from the perspective of students. First of all, the emotional
analysis of online user comments was conducted to find out the factors affecting the satisfaction of
online education platforms. Then, the satisfaction evaluation system was established on its basis.
The index coefficient was determined by using the structural equation, and the back propagation (BP)
neural network model was further used to predict the satisfaction of online education platforms.

The structure of this paper is organized as follows: Section 2 is a literature review. Section 3
collects and processes users’ online and offline data. Section 4 conducts emotional analysis of online
comments. Section 5 carries out an empirical analysis of user satisfaction. Section 6 is the summary of
the paper and the prospect of future work.

2. Literature Review

2.1. Online Education Platform

Many experts and scholars including Anderson [4] and Sultan [5] etc. from various counties have
conducted research on online education with the vigorous development of the online education industry.
Some typical studies are as follows: Chan et al. [6] described a novel technique combining Internet- and
cloud-based methods to digitally augment the classic study group used by final-year residents studying
for the Royal College of Physicians and Surgeons of Canada examination. Gofine and Clark [7] piloted
the integration of Slack into their research team of one faculty member, one research coordinator,
and approximately 20 research assistants. Statistics describing the app’s usage were calculated twelve
months after its implementation and their results indicating heavy usage by both research professionals
and assistants were presented. Thor et al. [8] investigated the impact of the online format on the
discussion quality and the survey results showed that students preferred using Voice Thread for
presenting, learning from other presentations, and discussing presentation content by performing this
process in the classroom. Botelho et al. [9] assessed the usefulness, ease of use, ease of learning and
satisfaction of a cloud-based clinical progression practice record when compared to a traditional paper
practice record. The results suggested that a digital clinical book, using free cloud-based collaboration
tools, was more useful, easier to use and learn from and more satisfactory than a traditional paper
recording system. Chapman et al. [10] proposed four important dimensions of coverage, participation,
quality and student achievement, and constructed a massive open online course (MOOC) quality
assessment framework, helping MOOC organizations make a series of measures for monitoring
and improving. Hrastinski [11] put forward a theory in his research: if we wanted to enhance
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online learning, we needed to enhance online learner participation. Miri and Gizell [12] showed in
their research the need for rethinking the way conventional online ethics courses are developed and
delivered; encouraging students to build confidence in learning from distance, engaging them in online
active and interactive experiences. Anderson et al. [13] pointed out that healthcare professionals could
share their expertise through online education and incorporate this teaching into their annual learning.
Kamali and Kianmehr [14] pointed out that the public’s interest in online education was growing,
while educational institutions’ interest in online education was going down. They held the view that
in order to change the negative effect of online education, it was necessary to provide students with
a suitable network environment, and discussed online education from the perspective of students.
Alcorn et al. [15] evaluated satisfaction of online education from the number of class participants,
the participation rate of homework, the completion rate and the improvement of grades. Asarbakhsh
and Sars [16] believed that the broken-down system, failed video connection or unusable use affected
user satisfaction. From the perspective of users and designs, David and Glore [17] pointed out visual
content was quite important to improve participation and interaction of users. Based on the technology
acceptance model and taking 172 online learning users as the objects, Roca et al. [18] analyzed online
learning satisfaction. The results showed that the user’s online learning satisfaction was mainly
determined by the user’s perception of the usefulness and quality of the course, the quality of the
platform and the website service and the degree of expected achievement. Lin and Wang [19] believed
that students’ satisfaction would be influenced by the difference of technology, the characteristics of
teachers, students and courses. Panchenko [20] held the view that the MOOC teaching mode could
develop teachers’ careers, improve teaching skills, and enable teachers to consider and examine their
teaching activities from more perspectives. Kravvaris and Kermanidis [21] testified that social networks
contributed to MOOC development. The literatures [22,23] found that learners’ autonomy played an
important role in learning through the empirical study of MOOC. Through exploratory factor analysis
(EFA) and confirmatory factor analysis (CFA), Parra-González and Segura-Robles [24] concluded that
“game” was regarded as a motivating factor in the educational process, which could promote students
to participate in the learning process more actively.

According to the above research results, many scholars study online education and establish many
evaluation models. However, in the process of carrying out online education during this epidemic,
many new problems arise in the new form of online education. This requires that new factors affecting
user satisfaction be taken into account in the study. Based on this, this paper collects online user
comment data to obtain the new factors affecting user satisfaction and establishes an evaluation system
that can better reflect the satisfaction of online education platforms during the epidemic.

2.2. Customer Satisfaction

Customer satisfaction is the state of pleasure or disappointment formed by the comparison of
the perceived effect of a product or service with the expected value. Previous scholars and experts
have conducted many studies on customer satisfaction and established models, which can be divided
into macro- and micro-models. Macro model: since the 1990s, many countries have carried out
a national customer satisfaction index measurement work, regarding customer satisfaction index
as a macroeconomic indicator to measure the customer satisfaction degree of a product or service.
For instance, in 1989, Fornell [25] put forward the customer satisfaction index (CSI) by considering
customer expectation, post-purchase perception and purchase value. Under the guidance of professor
Fornell, based on the annual customer survey data of more than 100 enterprises over 32 industries,
a Swedish Customer Satisfaction Barometer (SCSB) was constructed by using the Fornell model
and calculation method. Under the guidance of Anderson and Fornell [26], America published the
American Customer Satisfaction Index (ACSI) on the basis of the SCSB. The ACSI added perceived
quality to measure the reliability of a product or service, as well as customer satisfaction. In 1992,
Germany constructed the Deutche Kundenbarometer (DK) model, which consisted of 31 industries [27].
The European Union constructed the European Customer Satisfaction Index (ECSI) by adopting a
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comparative advantage over a wide variety of countries. This model omitted customer complaints but
added company image, dividing perceived quality into perceived hardware quality and perceived
software quality [28]. Micro model: the measurement model of customer satisfaction in micro fields is
abundant. For instance, Tversky [29] put forward a variation model in 1969. Oliver [30] established a
general model for measuring subjective inconsistencies in 1980. Sasser et al [31] proposed customer
model with service level. Parasuram et al. [32] created the SERVQUAL scale to evaluate service quality.
They divided the factors that determine service quality into five categories: reliability, responsiveness,
assurance, empathy and tangibility.

From the above research outcomes, many scholars and institutions of various counties study
the satisfaction evaluation system and establish many models. However, previous studies did not
consider the impact of public health emergencies. On the basis of full reference to previous studies,
this paper, in the context of the COVID-19 pandemic, optimizes the indicators used in previous studies
and establishes a satisfaction evaluation model by considering the impact of public health emergencies.

3. Data Collection and Processing

In this paper, data are obtained through a questionnaire survey and web crawler. The online
data obtained by web crawler technology are trustable and objective without restriction. Therefore,
this paper uses the data obtained by web crawler to make a macro analysis of the user experience on the
current online network teaching platform, and finally summarizes the main factors affecting the user
experience satisfaction. Although the traditional questionnaire has many limitations, the obtained data
are more targeted, diverse and abundant, which can test the ranking of impact factors summarized by
the crawler data. Therefore, this paper combines the two methods to comprehensively acquire online
and offline experience data of users.

3.1. Collecting Comments on Online Teaching Platforms

3.1.1. Platform Selection

At present, there are a large number of online teaching platforms in China, such as MOOC,
and Tencent Class. We are unable to assess all platforms. Thus, it is necessary to select representative
platforms to evaluate. In this study, data samples of online education platforms were selected on
ASO100 (a big data service platform for analyzing the App Store, Qimai, Beijing, China), and the
ranking of the education category (updated on 17 April 2020) was screened based on the download
volume, comments and popularity of the platform as the representative measurement criteria of the
platform. The platform ranking results are presented in Table 1.

Table 1. Rank of teaching platform.

Teaching Platform Platform List Classification Ranking Keyword Coverage Total Scores

Ding Ding 1 1(General list) 18.799 1,730,000
Tencent Meeting 2 2(General list) 8526 382,000

Tencent Class 1 1(Education) 10.276 167,000
Chaoxing Learning 7 7(Education) 2043 437,000

Chinese MOOC 13 13(Education) 7031 818,000

As illustrated in Table 1, in this study, Ding Ding (Alibaba, Hangzhou, China), Tencent Meeting
(Tencent, Shenzhen, China), Tencent Class (Tencent, Shenzhen, China), Chaoxing Learning (Chaoxing,
Beijing, China) and MOOC (Chaoxing, Beijing, China) were selected as the representative platforms
for online teaching. These platforms have both synchronous and asynchronous learning capabilities,
with no difference in system quality.
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3.1.2. Collecting Comment Data

In China, schools began to implement online teaching on 17 February 2020; therefore, this study
collected comments on those teaching platforms from 17 February 2020 to 17 March 2020.

3.2. Questionnaire Data Collection and Processing

3.2.1. Questionnaire Design

From the comments on ASO100, it is difficult to determine all the factors that affect an online
teaching platform. To obtain a more targeted evaluation of user experience, this study adopted a
questionnaire survey, whose targets were primary school, middle school, high school, university,
and postgraduate students. By sorting and analyzing relevant literature, we designed the questionnaire
with three parts, as demonstrated in Table 2.

Table 2. Questionnaire.

Classification of Investigation Content of Investigation

User’s behavior on network teaching platform Usage intention, device, learning effect, learning content

User experience Degree of satisfaction, interactivity, platform availability,
perceived value and so on

Basic information Age, gender, education background

In the second part, user experience satisfaction questions used a Likert scale. The scoring system
was 1–5, where 5 represented strong agreement and 1 represented strong disagreement. The higher the
score was, the more strongly the respondents agreed with the statement.

3.2.2. Questionnaire Validity Test

During the epidemic period, the questionnaire tool named Wenjuanxing was used to collect
information. After investigation, a total of 800 questionnaires were received, with 712remainingafter
the removal of invalid questionnaires. After data collection, 712 questionnaires were coded and entered
into SPSS statistical software (SPSS Statistics 25.0 HF001 IF007, IBM, Armonk, NY, USA) to perform
descriptive analysis, and reliability and validity analysis.

Reliability Test

The reliability test, which measures data reliability, is used to test the stability and consistency
of questionnaire data. In this study, Cronbach’s α was used to test the internal consistency of the
questionnaire data, whose coefficient was between 0 and 1. In general, a coefficient greater than
0.7 indicates that the questionnaire can passes the internal consistency test. In contrast, a coefficient
less than 0.7 indicates that some questions must be discarded. The reliability test results are presented
in Table 3. In this questionnaire, six Cronbach’s α coefficients were all greater than 0.7, indicating that
the internal reliability of each first-level indicator of the questionnaire was high.

Table 3. Questionnaire data reliability information.

Index Cronbach’s α Coefficient Number of Questions

Degree of satisfaction 0.712 3
Intention of continuous use 0.771 2

Quality of interaction 0.781 3
Quality of service 0.751 4

Platform availability 0.786 4
Personal factors of users 0.727 5

Validity Test
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Validity Test

The validity test can be divided into content validity and structure validity. The questions in this
questionnaire scale used relevant literature for reference to ensure high content validity. The structure
validity passed the KMO (Kaiser–Meyer–Olkin) test and the Bartlett test. Generally, when KMO is
greater than 0.5, and the significance level of the Bartlett test meets the significance requirement of a
two-tailed test, it is considered that the questionnaire passes the validity test. The results of the validity
test are presented in Table 4. It can be seen that the test values of the KMO and Bartlett test of the six
first-level indicators in the questionnaire all met the requirements, indicating that they passed the
validity test.

Table 4. Data validity test.

Index KMO Bartlett Test of Sphericity

Degree of satisfaction 0.599 0.000
Intention of continuous use 0.500 0.000

Quality of interaction 0.500 0.000
Quality of service 0.500 0.000

Platform availability 0.765 0.000
Personal factors of users 0.500 0.000

3.2.3. Data Analysis

Referring to Bawa’s method of data analysis which includes descriptive statistics, analysis of
variance (ANOVA) and T-tests [33], this paper analyzes the questionnaire data as follows: In this
questionnaire survey, 26.6% of respondents were male while 73.4% of respondents were female.
The majority of the participants were middle and high school students, junior college students,
undergraduate students, and graduate students. Primary school students may produce invalid
questionnaires due to their difficulties in text comprehension. According to the survey on the terminal
types of online teaching platforms used by participants, mobile phones accounted for 84.62%, followed
by laptop computers and tablet computers. The key questions in the questionnaire were analyzed to
understand the data characteristics, as illustrated in Figure 1.Healthcare 2020, 8, x 7 of 26 

 

 

Figure 1. Choice of online teaching platform. 

As can be seen from Figure 1, during the epidemic period, teachers mainly taught online using 

Ding Ding and self-established social groups (such as QQ group and WeChat group). As work 

management software, Ding Ding added on online teaching function in a timely manner in view of 

the epidemic. The results demonstrate that more than 50% of users continued using Ding Ding as an 

online learning platform after the epidemic ended. 

As can be seen from Figure 2, most of the online teaching platforms can provide five learning 

modes and eight online interactive modes, which can effectively meet the existing teaching needs 

and provide feedback at any time. The two main teaching methods are online live broadcasting and 

existing courses on the platform. The MOOC platform contains rich teaching resources and has thus 

been favored and used as an online education platform for a long time. 

 

Figure 2. Online teaching and interaction. 

As can be seen from Figure 3, there are 11 types of common problems regarding online teaching 

and courses that can be attributed to the problems mentioned in online comments, such as “network 

congestion”, “live interactive stuck” and “unable to log in personal information”. Therefore, to 

0% 10% 20% 30% 40% 50% 60% 70% 80%

Chinese MOOC

Study Online

Ding Ding

Tencent Meeting

Tencent Class

Chao Xing Learning

Groups Builded By Teachers

Continue to use platform selection During the period of COVID - 19

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Learn the website's curriculum
Living

Embed the quiz in the video
Audio playback
Recorded video

Audio conference
Students evaluate each other

BBS

Classroom dialogue
Roll call to ask questions

Independent speech
Online assessment

Panel discussion

Figure 1. Choice of online teaching platform.

6



Healthcare 2020, 8, 200

As can be seen from Figure 1, during the epidemic period, teachers mainly taught online using
Ding Ding and self-established social groups (such as QQ group and WeChat group). As work
management software, Ding Ding added on online teaching function in a timely manner in view of
the epidemic. The results demonstrate that more than 50% of users continued using Ding Ding as an
online learning platform after the epidemic ended.

As can be seen from Figure 2, most of the online teaching platforms can provide five learning
modes and eight online interactive modes, which can effectively meet the existing teaching needs
and provide feedback at any time. The two main teaching methods are online live broadcasting and
existing courses on the platform. The MOOC platform contains rich teaching resources and has thus
been favored and used as an online education platform for a long time.
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As can be seen from Figure 3, there are 11 types of common problems regarding online teaching
and courses that can be attributed to the problems mentioned in online comments, such as “network
congestion”, “live interactive stuck” and “unable to log in personal information”. Therefore, to improve
these issues, the five online teaching platforms can begin by addressing their live broadcast functions,
system quality, and capacity enhancement.
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4. User Emotion Analysis

The relationship between tutoring work and student emotions is of great significance to the
cognitive re-evaluation of students. All comments were divided into different topics through data
processing, and the key content in the comments was observed. In this study, the ROST (Regional
Operations Support Team) [34] software was used to divide the emotional tendencies into three
critical sets: positive, neutral and negative. Because the emotion dictionary of ROST is limited,
the NLPIR-Parser(Natural Language Processing and Information Retrieval) [35] was used to score
the emotion, which can be divided into the total score, positive score and negative score, to identify
the platforms with better user experience. Using word frequency analysis, the advantages and
disadvantages of platforms were extracted based on good or poor user experience.

4.1. Emotional Comment Analysis Based on ROST CM5.8.0

4.1.1. Comments Analysis

It was shown that those students who carried out activities related to their emotions and the
improvement of coexistence in tutoring had a greater cognitive reevaluation. Therefore, this paper
makes an emotional analysis of user comments [36]. Based on the analysis results of ROST, this study
integrated the positive, neutral and negative comments of the five platforms, as illustrated in Table 5.

Table 5. ROST CM (Regional Operations Support Team Content Mining) Emotional comments analysis.

Teaching Platform Ding Ding Tencent Meeting Tencent Class Chaoxing Learning Chinese MOOC

Positive comments 6161 1703 1623 1289 471
Neutral comments 1915 43 558 28 30

Negative comments 3809 2531 1185 3628 2051

Analysis of the positive, neutral, and negative comments indicated that Ding Ding and Tencent
Class had more positive comments than negative comments, while Tencent Meetings, Chaoxing
Learning, and Chinese MOOC demonstrated the opposite trend. In particular, Chaoxing Learning,
and Chinese MOOC had more negative comments than positive comments.

4.1.2. Analysis of Visualization for Semantic Network

A semantic network expresses the structure of human knowledge through the network.
It is composed of nodes and arcs among the nodes. Nodes stand for concepts (e.g., events, things),
while arcs represent the relationship between them. Mathematically, a semantic network is a directed
graph, corresponding to a logical representation. In this study, the semantic network relationship
diagrams of the five platforms were obtained through ROST analysis. A partial image of the MOOC
semantic network relationship is presented in Figure 4.
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(1) According to the semantic network relationship graph of Ding Ding, we use “study” as a node,
and keywords that are close to this node are “epidemic” and “convenience”. This is because
during the epidemic, Ding Ding expanded the educational function on its platform, enabling
colleges to use it as an online teaching platform. Taking “software” as a node, a closer keyword
is “live broad cast”, which also reflects that the teaching method of Ding Ding is mainly a live
broadcast rather than students watching videos on their own. This method also increases the
interactivity of online teaching, better mobilizes the learning atmosphere, and improves the
quality of teaching. At the same time, due to the network congestion and negative user experience,
most users gave a one-star rating to Ding Ding. This was explained by a Ding Ding official in time,
leading to the popularity of the topic of “five-star payment by installment” on Weibo. It was due
to the timely response that more users gave a five-star rating.

(2) According to the semantic network relationship graph of Tencent Meeting, we see that “five-star”
and “meeting” are important nodes for Tencent Meeting evaluation. Taking “five-star” as a node,
close keywords are “good reputation” and “epidemic”, indicating that during the epidemic, users
felt positively about the platform. Taking “meeting” as a node, the keywords are “convenience”
and “screen”, indicating that the Tencent Meeting platform was more convenient to use, and the
quality and manner of screen presentation will affect the user experience.

(3) According to the semantic network relationship graph of Tencent Class, “teacher”, “software”
and “class” were important nodes, and close keywords were “epidemic”, “attend class” and
“many problems”, indicating that users valued the attendance function of Tencent Class, however,
there are also several problems.

(4) According to the semantic network relationship graph of Chaoxing Learning, “software”,
“rubbish”, “study”, and “course” were important nodes, and closer keywords were “submit”,
“server”, “login”, “collapse” which reflected the many problems that occurred in the Chaoxing
Learning, such as server crashes, inability to log in, and inability to submit the learning duration,
which all had a negative impact on the user experience.

(5) According to the semantic network relationship graph of MOOC, “learning”, “rubbish”, “course”,
and “software” were important nodes, and close keywords were “failed”, “connect”, “period”,
“server”, and “progress”. From these nodes, we can see that the MOOC platform often failed
to connect, the learning time could not be submitted, and the server crashed. The independent
nodes “account” and “homework” indicate that the platform was unable to register an account,
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could not submit a job, and could not refresh. “Delay” and “severity” indicate that the delay in
the MOOC platform was quite significant. “College” and “abundant” reflect that MOOC users
were mainly college students, and the course types were abundant due to the characteristics
of the MOOC platform. MOOC focuses on video teaching and conducts self-study courses,
which are the primary reasons for its use.

Based on the analysis of the semantic network relationship graph obtained above, it can be
seen that “epidemic”, “student”, “software”, “teacher”, “study”, “five-star” and “every time” were
important nodes that appeared together in the five platforms. The closer the nodes are to the words,
the closer their relationship is. The presence of “every time” and “five-star” was caused by the timely
response to problems in Ding Ding, thus indicating the large influence of the official Ding Ding group.

4.2. Emotion Analysis Based on NLPIR-Parser

NLPIR emotion analysis mainly uses two technologies. The first is the automatic recognition
of emotion words and the automatic calculation of weights. The co-occurrence relationship and
bootstrapping strategy is adopted to repeatedly produce new emotion words and weights. The second
technology is a deep neural network for emotion discrimination. Based on a deep neural network,
the extended calculation of emotion words is performed, which is integrated into the final result.

By analyzing the comment data of the online teaching platforms, the emotion scores of the five
teaching platform reviews were obtained, including the total emotion score, positive score, and negative
score, as displayed in Table 6.

Table 6. NLPIR-Parser emotional scores

Teaching Platform Ding Ding Tencent Meeting Tencent Class Chaoxing Learning Chinese MOOC

Total emotional score 10,454.5 870 933.5 −2190.5 −642
Positive score 56.319 7374 10,898.5 9022 1148

Negative score 45,864.5 −6504 −9965 −11,212.5 −1790

From the above emotion scores, it can be seen that the total emotion scores of Ding Ding, Tencent
Meeting, and Tencent Class were all positive, while the total emotion scores of Chaoxing Learning and
MOOC were negative, indicating that Ding Ding, Tencent Meeting and Tencent Class provided good
user experience. In addition, the shortcomings of Chaoxing Learning and MOOC were more evident,
as these platforms were not satisfactory for users. Because the negative score of Chaoxing Learning was
much lower than the positive score, it is important to analyze the problems in the Chaoxing Learning
platform to propose corresponding improvement measures.

4.3. Semantic Association Expansion

NLPIR adopts POS-CBOW (Problem Oriented System, Continuous Bag of Words), integrating the
distribution characteristics of speech and words, using the word2vectormodel to train educational
corpora, and automatically extracting semantic association relations.

This paper expands the relevant semantics of high-frequency words on Ding Ding, Tencent
Meeting, Tencent Class, Chaoxing Learning and MOOC. In addition, it captures new words and
keywords with higher weight, and summarizes the factors that affect user experience. The part of the
semantic graph related to Ding Ding is presented in Figure 5.

According to the relevant semantic expansion of the five platforms, the following words and
phrases had the highest weight and the most frequent occurrence: “flash back”, “convenient and
swift”, “customer service”, “projection screen”, “peep screen”, “horizontal screen”, “pop-up windows”,
“staff service”, “prevention and control”, “interactive panel”, “dark mode”, “abnormal network”,
“mobile office”, “Ding mail”, “call the camera”, “bundled software”, “shared screen”, “client end”,
“verification code”, “vertical screen” and “network anomaly”, “recording”, “web version”, “screen
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recording”, “no privacy”, “blocking sight”, “rotating the screen”, “black screen”, “background
playback”, “failed to load”, “scan code”, “system halted”, “submit a job”, “close microphone”,
“network fluctuations”, “gesture check-in”, “personal information”, “submit homework”, “main
interface experience”, “incompatibility”, “lost connection”, “self-rotating screen” and “mobile end”.

Healthcare 2020, 8, x 11 of 26 

 

4.3. Semantic Association Expansion 

NLPIR adopts POS-CBOW (Problem Oriented System, Continuous Bag of Words), integrating 

the distribution characteristics of speech and words, using the word2vectormodel to train 

educational corpora, and automatically extracting semantic association relations. 

This paper expands the relevant semantics of high-frequency words on Ding Ding, Tencent 

Meeting, Tencent Class, Chaoxing Learning and MOOC. In addition, it captures new words and 

keywords with higher weight, and summarizes the factors that affect user experience. The part of the 

semantic graph related to Ding Ding is presented in Figure 5. 

 

Figure 5. Comparison between new word and key word. 

According to the relevant semantic expansion of the five platforms, the following words and 

phrases had the highest weight and the most frequent occurrence: “flash back”, “convenient and 

swift”, “customer service”, “projection screen”, “peep screen”, “horizontal screen”, “pop-up 

windows”, “staff service”, “prevention and control”, “interactive panel”, “dark mode”, “abnormal 

network”, “mobile office”, “Ding mail”, “call the camera”, “bundled software”, “shared screen”, 

“client end”, “verification code”, “vertical screen” and “network anomaly”, “recording”, “web 

version”, “screen recording”, “no privacy”, “blocking sight”, “rotating the screen”, “black screen”, 

“background playback”, “failed to load”, “scan code”, “system halted”, “submit a job”, “close 

microphone”, “network fluctuations”, “gesture check-in”, “personal information”, “submit 

homework”, “main interface experience”, “incompatibility”, “lost connection”, “self-rotating 

screen” and “mobile end”. 

By classifying the new words and phrases mentioned above, we summarize the influencing 

factors that affect user experience, namely platform suitability, platform service type, platform 

privacy, platform teaching type, platform functionality, platform design environment, and network 

technology environment. By summarizing the factors influencing user experience for online 

teaching platforms during the epidemic, we determine the following table 7. 

Table 7. Influencing factors. 

Factor Description 

Platform Suitability “computer”, “web”, “tablet”, “mobile terminal”, “incompatibility” 

Platform privacy “peep screen”, “prevention”, “call the camera”, “personal information” 

Platform service type “online customer service”, “staff service” 

Platform teaching type “recorded broadcast”, “live streaming” 

Platform design 

environment 

“blocking sight”, “simple”, “convenient and swift”, “dark mode”, “sharing the screen”, 

“main interface experience”, “interactive panel” 

Platform functionality 

“projection screen”, “horizontal screen”, “verification code”, “close microphone”, 

“vertical screen”, “rotating screen”, “scan a code”, “submit homework”, “self-rotating 

screen” 

Network technology 

environment 

“pop-up windows”, “network anomaly”, “bundled software”, “server exception”, “blank 

screen”, “load fail”, “system halted”, “network fluctuation”, “lost connection” 

Figure 5. Comparison between new word and key word.

By classifying the new words and phrases mentioned above, we summarize the influencing
factors that affect user experience, namely platform suitability, platform service type, platform privacy,
platform teaching type, platform functionality, platform design environment, and network technology
environment. By summarizing the factors influencing user experience for online teaching platforms
during the epidemic, we determine the following Table 7.

Table 7. Influencing factors.

Factor Description

Platform Suitability “computer”, “web”, “tablet”, “mobile terminal”, “incompatibility”

Platform privacy “peep screen”, “prevention”, “call the camera”, “personal
information”

Platform service type “online customer service”, “staff service”
Platform teaching type “recorded broadcast”, “live streaming”

Platform design environment “blocking sight”, “simple”, “convenient and swift”, “dark mode”,
“sharing the screen”, “main interface experience”, “interactive panel”

Platform functionality
“projection screen”, “horizontal screen”, “verification code”, “close

microphone”, “vertical screen”, “rotating screen”, “scan a code”,
“submit homework”, “self-rotating screen”

Network technology environment
“pop-up windows”, “network anomaly”, “bundled software”,

“server exception”, “blank screen”, “load fail”, “system halted”,
“network fluctuation”, “lost connection”

By classifying the new words mentioned above, we summarize the influencing factors that affect
user experience, namely, platform suitability, platform service type, platform privacy, platform teaching
type, platform functionality, platform design environment, and network technology environment.
By summarizing the factors influencing user experience for online teaching platforms during the
epidemic, we can determine the following:

(1) The design environment of the platform should be more concise and easy to operate, and additional
modes should be designed for different users at different times. For example, a “dark mode” at
night can have better protective effect on the eyesight of students.
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(2) At present, the types of electronic devices continue to rise. To expand the use of the platform,
it is necessary to increase the development of each port of the tablet. In addition, to make students
more comfortable during an online class, the platform should be able to adjust the horizontal and
vertical screen any time.

(3) To improve the utilization and popularity of online teaching education platforms, customer
services are essential. In the use of the platform, online customer service should always be
available to address problems to prevent the wasting of learning time.

(4) During the epidemic, not only college students and graduate students, but also primary and
secondary school students, must study online. However, the concentration abilities of the latter
groups are relatively limited, therefore, teachers cannot blindly teach by rote and lecturing,
but must use a variety of different methods, such as “you ask me to answer”, “face to face”,
“students record learning videos”, and “real-time lecture”. The platform should enhance the type
of functions and improve the quality of interactive devices while setting software functions.

(5) A stable network technology environment is the most important basis for improving teaching
quality. If “network congestion” or “flash back” often occur in the use of the platform, the user
experience as well as the usage rate will decrease accordingly.

5. Empirical Research on User Satisfaction

5.1. Building aUser Experience Satisfaction Index System

Based on the factors influencing user experience obtained by emotion, the advantages and
disadvantages of online education noted by the users in the questionnaire (as illustrated in Figures 1–3),
and a large number of documents, this study aims to establish an effective but non-redundant index
system. It combines Webqual 4.0 (availability, information quality, interaction quality) and the D&M
(DeLone and McLean) system success model (information quality, system quality, service quality) to refine
the influencing indicators. The indicators at each level correspond to the questions in the questionnaire.
Among them, information quality and system quality are expressed together with subjective multiple
choice questions, while others are expressed on Likert scales, as illustrated in Table 8.

Table 8. Evaluation indicators affecting user satisfaction

The Primary
Variable

The Secondary
Variables Indicators

User’s willingness
to continue using

Recommend to others
Loy1—During the COVID-19 pandemic, target the online education
platform you are satisfied with, you would like to recommend it to

others

Increase the frequency of
use

Loy2—During the COVID-19 pandemic, the online teaching platform
you are using will be used more in the future

User satisfaction

Learning needs Sat2—During the COVID-19 pandemic, you think the existing functions
of the online teaching platform can meet your learning needs

Use feeling Sat3—During the COVID-19 pandemic, you are very satisfied with the
online teaching platform

Attractive Sat1—Compared with offline learning, you think online teaching
during the COVID-19 pandemic is more attractive

Platform
availability

Learnability Pq2—During the COVID-19 pandemic, the steps of the online teaching
platform you are using are easy to learn

Easy to browse
Pq3—During the COVID-19 pandemic, the navigation system of online
network teaching platform you use is clear, without confusion, and the

page is easy to browse

Interface design Pq1—During the COVID-19 pandemic, the interface design of the
online network teaching platform you are using is very reasonable

Learning record
Pq4—During the COVID-19 pandemic, the online teaching platform

you use can accurately record your learning time, learning content and
learning information
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Table 8. Cont.

The Primary
Variable

The Secondary
Variables Indicators

The quality of
interaction

Learner participation
Int1—During the COVID-19 pandemic, while learning online, you will
actively answer the teacher’s questions and participate in the classroom

learning

Practice feedback Int2—During the COVID-19 pandemic, you will complete the online
study assignment assigned by the teacher on time

Information quality

Accuracy A1—During the COVID-19 pandemic, which of the following
difficulties and problems have you encountered while studying online?

A2—During the COVID-19 pandemic, according to your common
online teaching platform, what are the main ways to learn online?

A3—During the COVID-19 pandemic, in the course of online teaching,
what online interactions did you mainly participate in?

A5—During the COVID-19 pandemic, which terminal can the online
teaching platform you are using support for online learning?

Integrity

Timeliness

Completeness

System quality

High concurrent access

Security

Stability

Responsiveness

The quality of
service

Course management Cq2—During the COVID-19 pandemic, the online teaching platform
you use can recommend relevant courses according to what you watch

Artificial service
Cq1—During the COVID-19 pandemic, when the online teaching

platform fails, the customer service will help you to solve the problem
in time

User personal
factors

Education level Per1—What kind of student are you?

Use frequency Per2—How often did you use an online teaching platform before
COVID-19?

Satisfaction tendency

Per3—When you use the online teaching platform for the first time, you
will hold a completely negative attitude towards the platform because
of some dissatisfaction with the use of the platform (such as registration

trouble, slow login, etc.)

Platform choice A6—What platforms will you use as learning aids during and after the
COVID-19 pandemic?

5.2. Structural Equation Model

Structural equation modeling (SEM) is a common method to solve complex multivariable problems
in social sciences. For example, in research fields such as social science, it is sometimes necessary to
explore the relationship between more than one dependent variable and the influence path between
hidden variables that cannot be directly measured. SEM can estimate abstract hidden variables through
observable variables [37].

According to the above user satisfaction indicators, this paper uses the structural equation model
to build the indicator system model and obtains the influence path coefficient of the latent variables on
user satisfaction to draw the conclusion that the effects on user experience satisfaction weights are
different. By using path analysis for the structural equation to determine the correlation between the
indicators, and by decreasing the number of indicators to avoid redundant indicator construction,
suggestions for improving the main influencing factors are proposed.

The IS (information systems) success model proposed by DeLone and McLean [38] measured user
satisfaction on a website in terms of the service quality. McKnight and Chervany [39] constructed
the factors influencing customer belief and supplier intention from the perspective of psychology
and sociology, and each structure was further decomposed into two to four measures. Lao et al. [40]
used text mining technology to establish a curriculum quality evaluation model that included five
first-level indicators: curriculum content, instructional design, interface design, media technology,
and curriculum management to provide a base standard for learners to evaluate the quality of
the curriculum. Huang et al. [41] constructed an overall evaluation index system based on online
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education using four primary indices: system structure, educational resources, interactive mode,
and market environment.

Based on the above analysis, this paper examines the factors influencing user satisfaction
with the continuous usage of the intention of online teaching platforms by examining the four
aspects of interaction quality, service quality, availability, and personal factors, and proposes the
following hypotheses:

Hypothesis 1. The interactive quality of the online teaching platform has a significantly positive influence on
user satisfaction.

Hypothesis 2. The service quality of the online teaching platform has a significantly positive influence
on user satisfaction.

Hypothesis 3. The availability of the online teaching platform has a significantly positive influence on user
satisfaction.

Hypothesis 4. The personal factor of the online teaching platform has a significantly negative influence on user
satisfaction.

Hypothesis 5. The user satisfaction with the online teaching platform has a significantly positive influence on
the user’s willingness to continue using the platform.

5.2.1. Model Estimation and Significance Test of Parameters

A structural equation model can effectively deal with the relationship of latent variables in the
theoretical model of user satisfaction of an online network teaching platform. In this study, AMOS
(Analysis of Moment Structures, IBM, Armonk, NY, USA) software was used to empirically study the
structural equation model. On the premise that the reliability and validity analysis of the sample data
met the requirements, parameter estimation of the model was performed based on the influencing factors
of user satisfaction established previously. The estimated results of the model are presented in Figure 6.Healthcare 2020, 8, x 15 of 26 
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The parameter analysis results of the initial model are listed in Table 9. After estimating the initial
model, the significance test of the path coefficient and load coefficient was required. The “C.R.” (critical
ratio) value was obtained by the disparity between the estimated parameter and standard parameter.
When the absolute value of “C.R.” was greater than 1.96 and the corresponding probability p value
was less than 0.05, it can be stated that there was a significant difference between the path coefficient
and the estimated parameter value of 0 at 95% confidence. Therefore, it is assumed that the influence
of the path coefficient was significant. It can be seen that the path coefficient of “user personal factors”
on user satisfaction was unable to pass the significance test.

Table 9. Parameter analysis results.

Influence
Elements

Path
Coefficient Influence Elements Estimate S.E. C.R. p

User satisfaction <— The quality of interaction 1.000 1.989 ***
User satisfaction <— The quality of service 0.389 0.187 2.078 ***
User satisfaction <— Platform availability −0.236 0.224 2.032 ***
User satisfaction <— User personal factors 0.760 0.382 0.417 0.047

User’s willingness to continue using <— User satisfaction 1.000
The quality of interaction <–> The quality of service 0.273 0.049 5.557 ***

The quality of service <–> Platform availability 0.262 0.042 6.225 ***
The quality of interaction <–> Platform availability 0.217 0.035 6.276 ***

Platform availability <–> User personal factors 0.002 0.016 0.102 0.918
The quality of service <–> User personal factors −0.083 0.033 −2.528 0.011

The quality of interaction <–> User personal factors −0.066 0.025 −2.639 0.008

Note that *** reflects the significance level when p < 0.001.C.R is the abbreviation of critical ratio. S.E is the
abbreviation of Standard Error. <–> reflects the influencing factors are correlated. <— reflects a causal relationship
between the influencing factors.

5.2.2. Modified Structural Equation Model

After the structural equation model was completed, it was used to test the fitness degree of the
sample data and perform model path analysis by calculating the fitness effect parameters. In AMOS,
there are three evaluation indices for the fitness degree of a model: the absolute fitness index,
value-added fitness index, and simple fitness index. Common fitness indices include χ2 (degree of
freedom ratio) and GFI (goodness-of-fit index), AGFI (adjusted goodness-of-fit index), NFI (Normed fit
index), RMSEA (Root Mean Square Error of Approximation), and CFI (comparative fit index). In this
study, several common fitness indices were selected from the three fitness indices, and the calculation
results are presented in Table 10.

Table 10. Fitness degree of model.

Indicators Judgment Standard Revised Model Results

Absolute fitness index

χ2 the smaller the better 127.452

χ2/df 1–3 2.360

GFI >0.9 better fit
>0.8 can accept 0.938

RMR <0.08 0.054

RMSEA <0.08 0.066

Value-added fitness index
NFI >0.9 better fit

>0.8 can accept 0.914

TLI >0.9 0.925

CFI >0.9 0.948

Simple fitness index PCFI >0.5 0.633

PNFI >0.5 0.656

Note that χ2/df is the abbreviation of degree of freedom ratio; GFI: goodness-of-fit index; RMR: Root Mean Residual;
RMSEA: Root Mean Square Error of Approximation, NFI: Normed fit index; TLI: Nonstandard fitting index;
CFI: comparative fit index; PCFI: Simple adjustment comparison fit index; PNFI: parsimonious normed fit index.
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It can be seen that after deleting the path of “user personal factors,” all fitness indices were
improved after the model was modified. According to the calculation results of all fitness indices,
all reached the fitness standard of the model. The modified model is presented in Figure 7.
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5.2.3. Results Analysis

By modifying and testing the structural equation model and studying the sequence proposed by
the research hypothesis, the path coefficients of the influencing factors are summarized in Table 11.

Table 11. Path coefficients of the affecting factors.

Influence
Elements Path Coefficient Influence

Elements Affect the Path

User satisfaction <— The quality of interaction 0.238
User satisfaction <— The quality of service 0.329
User satisfaction <— Platform availability 0.703

Pq2 <— Platform availability 0.41
User’s willingness to

continue using <— User satisfaction 1.000

Int2 <— The quality of interaction 0.35
Int1 <— The quality of interaction 0.10
Cq2 <— The quality of service 0.5
Cq1 <— The quality of service 0.4
Pq4 <— Platform availability 0.34
Pq3 <— Platform availability 0.33
Pq1 <— Platform availability 0.63
Sat3 <— User satisfaction 0.13
Sat2 <— User satisfaction 0.64
Sat1 <— User satisfaction 0.55
Loy1 <— User’s willingness to continue using 0.55
Loy2 <— User’s willingness to continue using 0.78

The quality of interaction <–> The quality of service 0.273
The quality of service <–> Platform availability 0.262

The quality of interaction <–> Platform availability 0.217

Note that <–> reflects the influencing factors are correlated. <— reflects a causal relationship between the
influencing factors.
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From the above analysis, we draw the conclusion that among the four major factors, personal
factors had no direct influence on user satisfaction, indicating that users had a fair attitude and were
not emotionally biased. Instead, platform availability had the largest influence on user satisfaction.
In terms of availability, the function design and reasonable operation of the online teaching platform
were the most important problems for users. In terms of interaction quality, the feedback for the
homework assigned by teachers was the main factor affecting the sense of interaction experience.
The influence of service quality on user satisfaction was mainly caused by matters such as timely
response to problems, diverse course types, and learning extension. Users mainly hoped that the
platform could meet their learning needs and provide necessary functions for learning; however,
they did not have high expectations for the interface design of the platform. The correlation between the
overall interaction quality, service quality, and availability was not high, indicating that the influence
on user satisfaction was not high and that the construction of the structural equation was reasonable.

5.3. Predicted Satisfaction Model Based on the BP Neural Network

According to the above structural equation model results, the influence index of user satisfaction
mainly involved platform availability, interaction quality, and service quality; personal factors had no
direct effect on satisfaction. Therefore, this paper only regards the first three key indicators as input
nodes and the degree of satisfaction as the output node by using the BP neural network model to
forecast the degree of satisfaction.

5.3.1. Overview of the BP Neural Network Algorithm

A BP neural network [42], a type of artificial neural network, is a multi-layer network with
one-way propagation, which is widely used in many fields such as public opinion [43–45], personalized
recommendations [46], health monitoring [47], social network [48], feature subset selection [49,50] and
emergency logistics [51,52]. A typical neural network consists of three layers: an input layer, hidden
layer, and output layer. Each layer is composed of multiple neurons that are connected to each other
by the weight coefficient; however, each neuron in the same layer is independent. The structure of a
BP neural network is presented in Figure 8.
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In the Figure 8, X1, X2 · · ·Xn is the input layer neuron, y1, y2 · · · yn is the activation function, W ji is
the weight connecting the input layer, hidden layer and output layer, W1, W2 · · ·Wn is the output
layer neuron. The working principle of a BP neural network includes forward-propagation and
back-propagation processes. Forward-propagation mainly refers to the input of training samples from
the input layer, and the result of the output layer can be obtained through the connection of the weight
coefficient between neurons and the activation function. If the prediction results of the output layer are
not satisfactory, the back-propagation process is activated. The error signals of each unit are returned
layer by layer along the original neuron connection pathway, and the weight coefficients of the neurons
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between layers are adjusted by calculating the error value. This training is repeated several times
according to the training function until the network output error reaches a predetermined accuracy or
the training times reach the set maximum iteration times. The algorithm steps are as follows:

Step 1: Data normalization;
Step 2: Data classification, extraction of normal training data, and data testing;
Step 3: Establishment of the neural network, including setting the number of nodes in each layer,

activation function, etc.;
Step 4: Specifying parameters for training;
Step 5: Using training results, inputting test data after completing the training;
Step 6: Data anti-normalization;
Step 7: Error analysis, drawing, etc.

5.3.2. Data Processing of the Predicted Model

Because each key index of the input layer corresponds to two or three questions in the questionnaire,
each index actually corresponds to two or three data points. To obtain the index data of the input layer,
the average value of the actual measured data in the questionnaire is used as the actual score data of
this index in this paper. The actual scoring principle is as follows:

X =

∑n
i = 1 si

n
(1)

where n represents the number of questions corresponding to the key indicator and si represents the
score of the ith question corresponding to the key indicator. With this formula, the data of each node in
the input layer of the BP neural network can be obtained.

In addition, the satisfaction results obtained from the questionnaire survey are hierarchical data,
while the data in the BP neural network are normalized. As the result, the satisfaction data predicted
by the output layer may not be classified. Therefore, this study used the existing literature [53] to
classify the satisfaction level. The specific division is shown in Table 12.

Table 12. Division of satisfaction level.

Satisfaction Level Descriptive Divide the Scale

1 Very dissatisfied x ≤ 1.5
2 Dissatisfied 1.5 ≤ x ≤ 2.5
3 General 2.5 ≤ x ≤ 3.5
4 Satisfied 3.5 ≤ x ≤ 4.5
5 Very satisfied x ≥ 4.5

5.3.3. Implementation and Evaluation of Model

In this study, after several simulation experiments to compare the prediction effects, tansig was
selected as the spread function of the input layer and hidden layer, purelin was selected as the spread
function of the output layer, traingdx (self-adjusting learning efficiency method) was selected as the
training function of the BP neural network (whose number of nodes in the hidden layer was set to six),
and the maximum number of iterations epochs was 20,000.

The key indicator data were divided into a training group and test group, and the predicted
results were obtained through training the set parameters, as illustrated in Figure 9.
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As seen from Figure 9, the satisfaction level is mainly distributed in level 2 and level 3, indicating
that the majority of users were dissatisfied with the existing online teaching platforms. Therefore,
user satisfaction must be improved, and this study can be of great practical significance. In addition,
the prediction results were generally accurate, but the prediction accuracy was only 77.5%, and the
prediction effect was moderate, which may be due to the lack of training data in this study. If the
proposed system is widely used in online education platform satisfaction prediction, the sample size
can be increased, and the prediction accuracy may increase.

In addition, error analysis was performed on the prediction results of the BP neural network,
and the results are presented in Figure 10.
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As can be seen from Figure 10, the MSE only fluctuated in the range (−0.5, 0.4) with a small error
value, indicating that the satisfaction prediction model established in this paper is effective. Other error
index data are provided in Table 13.
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Table 13. Error indicator data.

Error Indicator MSE MAPE RMSE MSPE SSE

Result 0.225 0.08 2.1213 0.55864 9

MAPE: Mean Absolute Percentage Error; RMSE: Root Mean Square Error; MSPE: Pure mean square error; SSE:
The sum of squares due to error.

6. Discussion

In this section, we will discuss four issues. First of all, in order to summarize the outstanding
contributions of this paper based on the previous literature, we compared the conclusions of relevant
literatures and discuss the relationship between the existing literatures and this paper. Secondly,
in order to highlight the unique factors that affect the user satisfaction of online education platforms
during the COVID-19 pandemic, we discussed the differences between online education during the
COVID-19 pandemic and general online education, which is also the outstanding contribution of this
paper. Once more, in order to solve the problem of capital investment in platform availability, we
discussed several financing methods from the perspective of online education platform enterprises,
and put forward feasible financing suggestions. Finally, in order to show that the conclusion of
this paper can be applied to other countries in the world, we discussed the internationalization
of conclusions.

6.1. Relationship with the Existing Literature

It is a priority to discuss the connections with other research on the topic. Previous studies,
such as literature [16] and literature [18], focused on the satisfaction of users’ normal use of online
education platforms when there was no public health disaster such as COVID-19. The influencing
factors mainly include system fluency, visual content, curriculum usefulness, etc. The influencing
factors considered in this paper are more combined with the problems in the online education teaching
process during the COVID-19 pandemic, and the influencing factors such as platform availability,
interaction quality, information quality, system quality, service quality and user personal factors are put
forward. After structural equation analysis, it is found that platform availability is the most important
factor, while user personal factors have little effect on satisfaction.

We will discuss it based on the relevant models mentioned in the above literatures. There are
two basic antecedents of customer satisfaction in the SCSB model: expected quality and perceived
value. User satisfaction is determined by the difference between perceived value and expected quality.
Customer complaint and customer loyalty are outcome variables of customer satisfaction. The ACSI
model is based on the SCSB model. The main innovation of the ACSI model is its ability to increase
the quality of perception. The ECSI model inherits the basic structure and some core concepts of
ACSI model, such as user expectation, perceived quality, perceived value, user satisfaction and user
loyalty. Compared with the ACSI model, the ECSI model firstly removes the potential variable of user
complaint in the ACSI model. Secondly, the ECSI model adds another potential variable, enterprise
image, and divides the perceived quality into the quality evaluation of hardware and software.

The model used in this paper is constructed after referring to the above model, and combines
emotional analysis and structural equation analysis. In the emotional analysis, we found that the
factors that affect the satisfaction of online education platforms were platform availability, interaction
quality, information quality, system quality, service quality and user personal factors. Combined with
the relevant literatures, the platform availability, interaction quality, service quality and user personal
factors are selected. Furthermore, after the structural equation analysis, the user’s personal factors are
eliminated. Thus, in the model of this paper, the platform availability, interaction quality and service
quality are the three major factors that determine user satisfaction. User satisfaction then affects the
user’s willingness to continuously use the platform.
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All in all, compared with the traditional SCSB, ACSI and ECSI models, the model constructed in
this paper can better reflect the characteristics of an online education platform during the COVID-19
pandemic and, thus, it can better reflect the satisfaction of an online education platform.

6.2. Characteristics of Online Educationduring the COVID-19 Pandemic

In the past, teachers and students individualized and chose online education in a small range.
At present, it has become a necessary choice for everyone. The seemingly helpless choice provides an
opportunity for people to re-examine online education. Therefore, based on the COVID-19 situation,
this paper studies the user satisfaction of online education platforms, which is different from the focus
of user satisfaction under ordinary circumstances. When using an online education platform without
COVID-19, more attention should be paid to the characteristics of the platform and the diversity of
learning materials. According to the conclusion of this paper, the availability of the platform during
the COVID-19 situation is the main factor affecting user satisfaction, which also reflects that users
focus more on mobile terminal equipment, platform load, technology proficiency and other aspects.
This study not only summarizes the weaknesses and constraints exposed by the online education
platform during the COVID-19 pandemic, but also makes a significant contribution to the upgrading
and optimization of online education, improving people’s cognition of online education, and increasing
the acceptance and satisfaction of online education.

Due to the significant social impact of COVID-19, learners will have emotional problems at
different levels due to the influence of home isolation and other factors, thus affecting the effectiveness
of online learning. Therefore, educators are more concerned about the emotional changes of students
in this unique period and put the physical and mental health of students first. Therefore, this study
conducts relevant emotional analysis on online user comments. Additionally, the emotional factors
caused by external factors were added to the study of user satisfaction. This is also different from
other studies.

In the past, the teachers who provided courses on the online education platform system were
specially trained by enterprises and only taught for a certain type of course. However, this COVID-19
outbreak is sudden. Teachers who use the online education platform are transformed into ordinary
offline teachers. The preparation time of ordinary teachers is not enough. In addition, a considerable
number of teachers lack sufficient knowledge of information technology, so the concept of online
teaching is relatively weak. In the face of sudden online teaching, problems emerge, such as how to
arrange classes, how to carry out online teaching according to the plan, which online teaching platform
to choose, and how to monitor the effect and quality of online teaching, which will lead to the decrease
in user satisfaction. Therefore, in this study, the impact of COVID-19 on user satisfaction is not only in
the context of COVID-19, but it is also concluded that the usability of the platform is the main factor
affecting users’ satisfaction with the online education platform in a unique period.

6.3. Education Financing Methods

Based on the research of online education satisfaction during the COVID-19 pandemic, we found
that the platform availability is the most essential factor that affects the user satisfaction; therefore,
we suggest that the enterprise that develops the online education platform puts more money into the
technology research and development of platform availability in order to provide users with more
satisfaction of online teaching services. To solve this problem, online education platform enterprises
can consider several financing ways to raise funds. Online education platforms can be divided into two
categories according to whether they charge fees or not. Therefore, this paper discusses the financing of
online education platforms from two aspects. For online education platforms that charge tuition fees,
there exist literatures that examine education financing problem. For example, Barr [54] set out the core
lessons of financing higher education derived from economic theory and compares them with lessons
of experiences of various countries. Jacobs and Wijnbergen [55] showed that public equity financing of
education coupled with the provision of income insurance was the optimal way to finance education
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when private markets failed due to adverse selection. For online education platforms that do not charge
fees, enterprises can consider the following ways of financing: (1) Enterprises can give priority to
internal financing and rely on internal accumulation for financing, which includes three forms: capital,
replacement investment converted by depreciation funds and new investment converted by retained
earnings. Compared with external financing, internal financing can reduce information asymmetry
and related incentive problems. (2) The enterprise may consider the way of introducing investment
and seeking partner investment. During the COVID-19 pandemic, almost all college teaching activities
have been transferred to online teaching. Enterprises can provide more detailed online teaching
services to some well-known colleges to improve their online teaching quality. Hence, enterprises
can find college partners to attract investment from colleges and universities. A practical example
of this is as follows: Baidu Lecture Transfer reached a cooperation agreement with Georgia Institute
of Technology, one of the three major American universities of science and Technology. Both sides
will carry out in-depth cooperation in course introduction, technical research and joint exploration of
an online education mode. (3) Enterprises can consider debt financing and obtain sufficient funds to
research and develop technologies to improve the availability of online education platforms by issuing
bonds or borrowing money for investments.

6.4. Internationalization of Conclusions

The analysis in this paper is based on the user data of Chinese online education platforms during
the COVID-19 situation. In order to show that the conclusion of this paper is international, this part
discusses whether the research results of this paper can be extended to other countries.

First of all, this paper finds that platform availability is the most important factor affecting the
satisfaction of the online education platform, while the user personal factors have no significant impact
on the satisfaction. In view of the similar online teaching methods adopted by countries all over the
world, most of them adopt the forms of video conferences or live broadcasts. Therefore, the above
conclusions can be extended to all countries in the world.

Secondly, this paper obtains the satisfaction evaluation system and satisfaction prediction model
of an online education platform during the COVID-19 pandemic. Because this form of online education
is still used in other countries, the evaluation system and prediction model obtained in this paper can
be applied to the countries that have not yet recovered offline teaching. As long as relevant data are
available, the BP neural network prediction model can be used.

7. Conclusions

This study collected user experience data on online education platforms in China during the
COVID-19pandemic. Through emotion data analysis of online user reviews, we concluded that
Ding Ding and Tencent Class provided high quality service, while Chaoxing Learning and MOOC
encountered several problems, such as the inability to submit the learning time, lags, and a significant
video delay. We extracted the factors influencing satisfaction and established a scientific and effective
satisfaction index system using the existing literature. In addition, the data obtained from an offline
questionnaire were examined and analyzed, and a structural equation model was built for quantitative
analysis of the relationship between various indicators. It was found that users’ personal factors had
no direct impact on their satisfaction, while platform availability had the greatest impact on user
satisfaction. In addition, a BP neural network model was used to predict user satisfaction with online
education platforms, and the prediction accuracy reached 77.5%. The model is thus highly effective.

Based on the above analysis and research, this paper proposes the following suggestions, which are
expected to improve user satisfaction with online education platforms during public health emergencies:

(1) Platform technology problems cannot be ignored. Although an online education platform
provides available teaching methods, there are still many problems in the platform technology.
The design environment of the platform should be more concise and easy to operate, and the
development of a dark mode is recommended. In terms of platform adaptability, there is the
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problem that mobile devices cannot switch between horizontal and vertical orientations. In terms
of platform privacy, user authorization is required to control the user’s camera and microphone.
Currently, there is a lack of platform customer service, and it is thus impossible to obtain timely
feedback for problems with the platform. In terms of the platform function, the head portrait
cannot be modified, the video progress bar cannot be synchronized, and other problems must be
improved. In terms of the network technology environment, some platforms frequently encounter
problems such as internet lags and network congestion. Technical problems in these platforms are
the main factors affecting user experience that lead to students’ dissatisfaction and significantly
reduce the efficiency and quality of teaching. Therefore, improving the platform technology is
the primary problem to be solved. As for the above technical problems of the online education
platform, the enterprises that belong to the platform should improve these problems, increase
the investment in the online education platform and develop the function of the online system.
Companies can obtain education financing through online crowd funding, initial coin offerings
and other means, and use these financing methods to improve the quality and availability of
online systems. As a result, these online education systems used in China can be extended to the
world, increasing the use of the platform.

(2) The two-way interaction of teaching must be improved. Using a questionnaire of offline users,
we analyzed eight first-level indicators selected by the structural equation, and determined that the
main factors influencing user satisfaction with the online teaching platforms were system quality,
interaction quality, service quality, and platform availability. Interaction environment refers to
the effective communication environment in the process of knowledge acquisition. An increase
in interaction can improve students’ learning enthusiasm and concentration. In a traditional
classroom, there are various teaching interaction modes, such as reversed classroom, random
questions, and group reports. However, in a network environment, the platform has few settings
for teaching interaction, and teachers’ input teaching is the main teaching mode. Therefore,
the platform must actively develop various interactive formats, such as “you ask me to answer”,
“face to face”, “students record learning videos” and “real-time lecture” to promote efficient
learning and further improve the quality of education.

8. Future Works

However, this paper still has the following limitations, which require further research:

(1) This paper only studies the satisfaction of online learning platforms from the perspective of
students. In fact, the opinions of teachers and parents are also impactful. Therefore, future studies
can comprehensively analyze the satisfaction of online education platforms from the perspective
of multiple subjects.

(2) In this paper, the structural equation is used to predict the user satisfaction of the online learning
platform, and the validity of the model is proved through analysis and verification. However,
the questionnaire design and algorithm prediction need to be further improved.
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Abstract: The physical closure of higher education institutions due to coronavirus disease 2019
(COVID-19) shed a brighter light on the need to analyze, explore, and implement strategies that
allow the development of clinical skills in a distance learning situation. This cross-sectional study
aims to assess dental students’ self-perception, motivation, organization, acquired clinical skills, and
knowledge using the online problem-based learning method, through the application of a 41-item
questionnaire to 118 senior students. Answers were subjected to descriptive and inferential statistics
analysis. Further, a principal component analysis was performed, in order to examine the factor
structure of the questionnaire. Results show that online problem-based learning can be considered a
relevant learning tool when utilized within the specific context of clinical dental education, displaying
benefits over the traditional learning strategy. Overall, dental students prefer a hybrid system over
the conventional one, in a distance learning context, and assume self-responsibility for their own
learning, while knowledge thoroughness is perceived as inferior. This online active learning method is
successful in improving information and clinical ability (visual/spatial and auditory) advancement in
the scope of dental education, with similar results to presential settings. Further studies are required
to assess clinical skill development through active learning methods, in a distance learning context.

Keywords: problem-based learning; dental education; e-learning; innovation in teaching; clini-
cal teaching

1. Introduction

Education is rooted in a social context, in particular its innovation. In the post-war
era of the 1960s and 1970s, in line with the new values of cognitive psychology, passive
learning and the reward concepts of behaviorism have been replaced by active, student-
centered learning, with growing prominence given to individuality, equality, and personal
development rather than authority and deductive learning. Problem-based learning (PBL)
was part of this context of change [1,2].

Medical education has long been a stronghold of conventional methods. Nonetheless,
in the aforementioned period, there were many changes in this specific field that led to
the inevitable reform and innovation in the teaching of prospective medical practitioners,
which included social critique, the rise and fall of clinical medicine, as well as the volume
and changeability of medical knowledge [3,4].

Problem-based learning originated in 1966, at McMaster University, Canada [5], and
groundbreaking work was later carried out at Newcastle University (Australia), Michigan
State University (United States), and Maastricht University (The Netherlands) [6]. The first
PBL-based medical curriculum was introduced in 1969 at McMaster University, while only
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in 1990 did the first PBL-based dental curriculum arise at the Faculty of Odontology in
Malmö, Sweden [7].

While there are parallels between medical and dental education, there is a need to
emphasize that the qualifications students need to learn are not exactly the same. Clinical
skills in medical education, for example, are generally defined as clinical thinking and
problem-solving, both of which are connected to doing and accurate physical assessment
and performing a correct diagnosis [8]. While these clinical skills are also important for
dental students to acquire, there is a need to further develop visual/spatial, auditory, and
kinesthetic skills [9], which sums up to the point that dental education is quite different
from medical education, mainly in the pre-clinical and clinical years [10].

Advances in technology have led to changes, not only inevitable but exponential [11],
at all levels of education, but namely in higher education [12]. Emerging technologies,
by allowing ubiquitous connections between individuals, content and digital/intelligent
objects, in addition to enhancing learning [13], have created new teaching–learning dy-
namics, where students have different needs depending on the specific area of training, for
example, the health area [14,15].

In the context of medical and medical–dental education, this paradigm shift has been
explored through the implementation of active learning methods [16], such as self-guided
study [17]; problem-based learning (PBL) [18]; mixed learning strategies, such as blended
learning (BL) [19]; using asynchronous digital tools (e-Learning); and “inverted” or flipped
classrooms [20], using didactic material previously available online, as well as simulation
instruments [21] and gamification [22].

With the advent of the coronavirus disease 2019 (COVID-19) pandemic that we cur-
rently live in, and the physical closure of higher education institutions (HEIs), it is necessary
to analyze, explore, and implement strategies that allow the development of clinical skills,
even in face of a distance learning situation [23–25].

This study was aimed to assess dental students’ self-perception on learning, motiva-
tion, organization, tool acquisition, clinical skills, and knowledge using the PBL method,
through online/digital channels in a distance learning context, as well as the identification
of limitations and difficulties in this context.

2. Materials and Methods
2.1. Course Description

The participants of this cross-sectional study, students of the Dentistry Integrated
Master Course at Instituto Universitário Egas Moniz (IUEM), a higher education institution
located in the southern Lisbon Metropolitan Area (Portugal), were enrolled during the
fifth and final, year of their course. The study took place during the 2019/2020 term, from
March to September 2020. In Portugal, by March 2020, a national lockdown was imposed
due to the COVID-19 pandemic. As a result, from that date, higher education schools had
to close and started teaching exclusively online, through digital platforms. This exclusively
online teaching lasted for 10 weeks. Thus, the final year of the Dentistry Integrated Master
Course at IUEM, during the 2019/2020 term, spanned over 33 weeks and was divided in
three periods, according to the type of teaching that was implemented: six fully clinical
(presential) weeks, 10 fully online synchronous weeks, and 17 hybrid (presential/online)
weeks, as depicted in Figure 1.

During clinical practice weeks, students underwent six hours of live-patient encoun-
ters (LPE) per day at the University Dental Clinic. On online PBL weeks, students had six
synchronous hours of real clinical case presentation and discussion per day. On mixed
weeks, half of the students had clinical practice, while the other half had online lectures.
Every week, the student groups switched, as indicated in the schedule (Figure 1).
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represent practical (presential) clinical classes. Blue boxes represent online problem-based learning (PBL) classes.

2.2. Study Design

The study was conducted through the application of an online questionnaire, via
Google Forms. All of the 211 senior dental students of the Dentistry Integrated Master
Course at IUEM were enrolled to participate, from which 118 (55.9%) answered the ques-
tionnaire. The exclusion criteria for participating in the study were as follows: refusal to
provide informed consent and being enrolled in other university study programs. None of
the students that answered the questionnaire were excluded.

A 41-item online questionnaire was constructed after a detailed literature review
by using web-based search engines like PubMed and Google Scholar. The keywords
“problem-based learning”, “conventional lectures”, “medical education”, “dental educa-
tion”, “clinical education”, and “student’s perception” were used to search the literature.
The final group of 41 close-ended questions were assembled from a 66-item database,
collected from previously conducted surveys [26–31]. Exclusion criteria for the questions
included lack of relevance to the scope of the study and duplicates, as shown in Figure 2.
The content validity and clarity of the questionnaire was ensured by a review done by
experts in medical education. Answers were coded following a five-point Likert rating
scale (1 = “strongly disagree”, 2 = “disagree”, 3 = “neither agree nor agree”, 4 = “agree”,
5 = “strongly agree”).
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Figure 2. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow chart.
Presentation of the procedure of question selection with number of questions at each stage.

The description of the 41 items/questions included in the online questionnaire are
presented in Table 1.
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Table 1. Items included in the online questionnaire.

ID Item

Q01 PBL is interesting.
Q02 PBL provides an interactive clinical learning environment.
Q03 PBL facilitates the use of learning resources for clinical learning.
Q04 PBL helps the achievement of curriculum outcomes.
Q05 PBL helps understand basic concepts.
Q06 PBL helps clinical exam preparation.
Q07 PBL helps to have a better understanding about the subject.
Q08 With PBL, students assume responsibility for their own learning.
Q09 PBL is a reliable tool that can facilitate visual/spatial learning in a clinical context.
Q10 PBL is a reliable tool that can facilitate auditory learning in a clinical context.
Q11 PBL is a reliable tool that can facilitate kinesthetic learning in a clinical context.
Q12 PBL helps convert from a passive to active lifelong learner in a clinical context.
Q13 PBL increases the learning motivation in a clinical context.
Q14 PBL helps to create clinical interest in the lectured lessons.
Q15 PBL enhances the ability to find information using the internet/library.
Q16 PBL enhances ability for public speaking in the clinical context.
Q17 PBL increases the ability to manage time effectively in the clinical context.
Q18 PBL improves decision-making skills in the clinical context.
Q19 PBL enhances clinical problem-solving ability in the clinical context.
Q20 PBL helps develop linguistic skills and self-confidence in the clinical context.
Q21 PBL enhances clinical reasoning ability in the clinical context.

Q22 A PBL hybrid system, composed by joining PBL and the conventional learning methods, is better than an exclusively
conventional learning method.

Q23 When compared to the exclusively conventional learning method, the knowledge achieved with PBL is more thorough.

Q24 When compared to the exclusively conventional learning method, the focus of PBL on real medical/dental cases, makes
it more relevant and interesting.

Q25 When compared to the exclusively conventional learning method, the subject objectives are better understood with PBL.
Q26 When compared to the exclusively conventional learning method, PBL is more time-consuming.
Q27 PBL is effective without having any conventional lectures on the subject.
Q28 With PBL, learners become active processors of information.
Q29 PBL helps identify knowledge weak areas for further improvement.
Q30 PBL enables the learners to establish a concrete action plan to achieve their learning goals.
Q31 PBL enhances the practical and clinical application of the ideas.
Q32 PBL helps develop clinical thinking, logical thinking, and abstract concepts.
Q33 PBL fulfills an effective integration between different subjects of basic medical sciences (horizontal integration).
Q34 PBL fulfills an effective integration between basic medical sciences with clinical sciences (vertical integration).
Q35 PBL is a reliable tool for developing scientific reading and writing skills.
Q36 PBL facilitates the development of interpersonal skills.
Q37 PBL facilitates the development of intrapersonal skills.
Q38 With PBL, knowledge activates prior knowledge around a problem, rather than specific subjects.
Q39 PBL allows learners to activate prior knowledge and learn to elaborate and organize their knowledge.
Q40 PBL enhances the retention of knowledge by practice, feedback, and evaluation.
Q41 PBL increases the extent of more related knowledge.

2.3. Ethical Considerations

The questionnaire was sent directly, via e-mail, to each one of the participants, from a
third party not involved in the present study. The anonymous, voluntary, self-completion
questionnaire was preceded by informed consent, which had to be provided in order
to participate. The present work is part of an ongoing research project regarding the
implementation and evaluation of learning methodologies for clinical dental teaching,
approved by the Scientific Council of IUEM.

2.4. Statistical Analysis

Data analysis was performed using IBM SPSS Statistics software version 26.0 for
Windows (IBM Corp., Armonk, NY, United States). Descriptive and inferential statistics
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methodologies were applied. Furthermore, a principal component analysis (PCA) was
performed to examine the factor structure of the questionnaire.

All of the items were distributed, according to the rotated component matrix, via
Varimax, with Kaiser normalization methods. The obtained Kaiser–Meyer–Olkin (KMO)
validity test value was 0.902, falling into the range between 0.8 and 1.0, that deems a
sample adequate for factor analysis. The extraction and retention of factors were based on
visual examination of the scree plot, and eigenvalues >1.0 were retained. Factor loadings
approximately equal to or higher than 0.50 dictated the assignment to a certain component.
For questions with similar scores, a decision was made upon the contextualization of
the question within each component, thus making its assignment to each one of two
components possible.

3. Results

The mean age of the respondents was 28.7 (±7.6) years, and the majority (65.3%) were
females (Table 2). Although 11% were not native Portuguese speakers, those participants
had full understanding of the language, since the great majority (96%) self-reported an
advanced (C1: 20%) or proficient (C2: 76%) level of Portuguese language reading skills.

Table 2. Sociodemographic characteristics of the participants in the study (n = 118).

n (%)

Gender
Female 77 65.3
Male 41 34.7

Nationality
Portuguese 68 57.6

Brazilian 37 31.4
Other 13 11.0

Mean SD

Age Years 28.7 7.6

The results of the answers to the 41-item questionnaire, based on a five-point Likert
scale, are presented in Table 3. In general, a relatively high score was obtained for most of
the questions (median, equal to, or higher than 4.0). The highest values were recorded for
questions Q08 (student knowledge responsibility), with a median of 5.0, followed by Q22
(comparison of the PBL hybrid system with the conventional method), with a median of 4.5.
The lowest score was obtained for questions Q11 (kinesthetic learning in a clinical context),
Q23 (comparison of knowledge thoroughness gain), Q26 (time consumption comparison),
and Q27 (effectiveness comparison), with a median of 3.0.

When comparing the answers as a function of gender, no statistically significant
differences were found (p > 0.05, Mann–Whitney test).
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Table 3. Questionnaire answers (n = 118). For each question, the correspondent median, interquartile range (IQR), minimum,
and maximum values are presented.

ID Item Median (IQR) Range
(Min–Max)

Q01 PBL interest 4.0 (0) 1–5
Q02 Interactive clinical learning environment 4.0 (0) 1–5
Q03 Use of learning resources for clinical learning 4.0 (0) 1–5
Q04 Achievement of curriculum outcomes 4.0 (1) 1–5
Q05 Understanding of basic concepts 4.0 (0) 1–5
Q06 Clinical exam preparation 4.0 (1) 1–5
Q07 Subject understanding 4.0 (0) 1–5
Q08 Student knowledge responsibility 5.0 (1) 1–5
Q09 Visual/spatial learning in a clinical context 4.0 (1) 1–5
Q10 Auditory learning in a clinical context 4.0 (1) 1–5
Q11 Kinesthetic learning in a clinical context 3.0 (2) 1–5
Q12 Conversion to active lifelong learner in a clinical context 4.0 (2) 1–5
Q13 Learning motivation in a clinical context 4.0 (1) 1–5
Q14 Clinical interest in the lectured lessons 4.0 (1) 1–5
Q15 Ability to find information using the internet/library 4.0 (1) 1–5
Q16 Ability for public speaking 4.0 (2) 1–5
Q17 Time-management skills 4.0 (1) 1–5
Q18 Decision-making skills 4.0 (1) 1–5
Q19 Clinical problem-solving ability 4.0 (1) 1–5
Q20 Development of linguistic skills and self-confidence in a clinical context 4.0 (1) 1–5
Q21 Clinical reasoning ability, in a clinical context 4.0 (1) 1–5
Q22 Comparison of the PBL hybrid system with the conventional method 4.5 (1) 1–5
Q23 Comparison of knowledge thoroughness gain 3.0 (2) 1–5
Q24 Comparison of relevance and interest 4.0 (2) 1–5
Q25 Comparison of understanding of objectives 4.0 (1) 1–5
Q26 Time consumption comparison 3.0 (2) 1–5
Q27 Effectiveness comparison 3.0 (2) 1–5
Q28 Active processing of information 4.0 (1) 1–5
Q29 Identification of weakness areas 4.0 (1) 1–5
Q30 Establishment of a concrete action plan for the achievement of learning goals 4.0 (1) 1–5
Q31 Practical and clinical application of ideas 4.0 (1) 1–5
Q32 Development of clinical thinking, logical thinking, and abstract concepts 4.0 (0) 1–5
Q33 Horizontal integration effectiveness 4.0 (1) 1–5
Q34 Vertical integration effectiveness 4.0 (0) 1–5
Q35 Development of scientific reading and writing skills 4.0 (1) 1–5
Q36 Development of interpersonal skills 4.0 (1) 1–5
Q37 Development of intrapersonal skills 4.0 (1) 1–5
Q38 Prior knowledge activation around a problem 4.0 (0) 1–5
Q39 Knowledge organization 4.0 (1) 1–5
Q40 Knowledge retention by practice, feedback, and evaluation 4.0 (0) 1–5
Q41 Extension of related knowledge 4.0 (1) 1–5

The PCA results are presented in Table 4. Eight components were identified, according
to the established criteria. As presented, in Component 1, Q13 (learning motivation, in a
clinical context), Q14 (clinical interest in the lectured lessons), Q24 (comparison of relevance
and interest), Q19 (clinical problem-solving ability), Q25 (comparison of understanding of
objectives), Q27 (effectiveness comparison), Q23 (comparison of knowledge thoroughness
gain), Q30 (establishment of a concrete action plan for the achievement of learning goals),
and Q29 (identification of weakness areas) were categorized. In Component 2, Q01 (PBL in-
terest), Q03 (use of learning resources for clinical learning), Q06 (clinical exam preparation),
Q04 (achievement of curriculum outcomes), Q05 (understanding of basic concepts), Q02
(interactive clinical learning environment), Q07 (subject understanding), Q41 (extension of
related knowledge), and Q40 (knowledge retention by practice, feedback, and evaluation)
were categorized. In Component 3, Q16 (ability for public speaking), Q20 (development of
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linguistic skills and self-confidence in a clinical context), Q15 (ability to find information us-
ing the internet/library), Q17 (time-management skills), Q18 (decision-making skills), Q21
(clinical reasoning ability in a clinical context), and Q35 (development of scientific reading
and writing skills) were categorized. In Component 4, Q33 (horizontal integration effec-
tiveness), Q34 (vertical integration effectiveness), Q31 (practical and clinical application of
ideas), Q32 (development of clinical thinking, logical thinking, and abstract concepts), Q39
(knowledge organization), Q38 (prior knowledge activation around a problem), and Q22
(comparison between the PBL hybrid system and the conventional method). In Component
5, Q09 (visual/spatial learning in a clinical context), Q12 (conversion to active lifelong
learner in a clinical context), Q11 (kinesthetic learning in a clinical context), and Q10 (audi-
tory learning in a clinical context) were categorized. In Component 6, Q36 (development
of interpersonal skills) and Q37 (development of intrapersonal skills) were categorized.
In Component 7, Q08 (student knowledge responsibility) and Q28 (active processing of
information) were categorized. In Component 8, a single question was categorized: Q26
(time consumption).

Table 4. Items overall distribution among components, after principal component analysis (PCA), according to the rotated
component matrix, via Varimax with the Kaiser normalization method (cumulative variance (%) = 73.644, Kaiser–Meyer–
Olkin (KMO) value = 0.902).

Component Item Factor Loadings Eigenvalue Variance
(%) Communality

Component 1

Learning motivation in a clinical context (Q13) 0.773

19.251 46.955

0.824
Clinical interest in the lectured lessons (Q14) 0.762 0.781
Comparison of relevance and interest (Q24) 0.654 0.671

Clinical problem-solving ability (Q19) 0.625 0.842
Comparison of understanding of

objectives (Q25) 0.623 0.707

Effectiveness comparison (Q27) 0.601 0.568
Comparison of knowledge thoroughness

gain (Q23) 0.560 0.700

Establishment of a concrete action plan for the
achievement of learning goals (Q30) * 0.498 0.664

Identification of weakness areas (Q29) 0.463 0.625

Component 2

PBL interest (Q01) 0.700

2.299 5.607

0.727
Use of learning resources for clinical

learning (Q03) 0.697 0.732

Clinical exam preparation (Q06) 0.693 0.771
Achievement of curriculum outcomes (Q04) 0.671 0.763

Understanding of basic concepts (Q05) 0.671 0.691
Interactive clinical learning environment (Q02) 0.666 0.733

Subject understanding (Q07) 0.646 0.683
Extension of related knowledge (Q41) 0.525 0.765

Knowledge retention by practice, feedback, and
evaluation (Q40) 0.486 0.733

Prior knowledge activation around a
problem (Q38) *1 0.406 0.664

Component 3

Ability for public speaking (Q16) 0.860

1.981 4.833

0.800
Development of linguistic skills and

self-confidence in a clinical context (Q20) 0.807 0.828

Ability to find information using the
internet/library (Q15) 0.650 0.592

Time-management skills (Q17) 0.632 0.685
Decision-making skills (Q18) 0.611 0.696

Clinical reasoning ability in a clinical
context (Q21) 0.516 0.800

Development of scientific reading and writing
skills (Q35) 0.470 0.707

Establishment of a concrete action plan for the
achievement

of learning goals (Q30) *1
0.454 0.664
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Table 4. Cont.

Component Item Factor Loadings Eigenvalue Variance
(%) Communality

Component 4

Horizontal integration effectiveness (Q33) 0.769

1.632 3.980

0.854
Vertical integration effectiveness (Q34) 0.671 0.729

Practical and clinical application of ideas (Q31) 0.605 0.769
Development of clinical thinking, logical

thinking, and abstract concepts (Q32) 0.549 0.741

Knowledge organization (Q39) 0.513 0.835
Prior knowledge activation around a

problem (Q38) * 0.418 0.664

Comparison between the PBL hybrid system
with the conventional method (Q22) 0.418 0.555

Component 5

Visual/spatial learning in a clinical context (Q09) 0.711

1.598 3.899

0.748
Conversion to active lifelong learner in a clinical

context (Q12) 0.754 0.743

Kinesthetic learning in a clinical context (Q11) 0.753 0.808
Auditory learning in a clinical context (Q10) 0.504 0.713

Component 6
Development of interpersonal skills (Q36) 0.643 1.316 3.210 0.865
Development of intrapersonal skills (Q37) 0.587 0.839

Component 7 Student knowledge responsibility (Q08) 0.841 1.104 2.692 0.795
Active processing of information (Q28) 0.522 0.750

Component 8 Time consumption (Q26) 0.932 1.012 2.468 0.891

* Question assigned to the corresponding component; *1 question not assigned to the corresponding component.

In ascending order, the percent of Component 1 for total variance was approximately
49.96%, Component 2 was approximately 5.61%, Component 4 was 3.98%, Component
5 was approximately 3.90%, Component 6 was 3.21%, Component 7 was approximately
2.69%, Component 8 was approximately 2.47%, and Component 3 was approximately
1.99%. The cumulative variance of total factors was approximately 73.64%.

4. Discussion

Amid the lockdown imposed due to the COVID-19 pandemic, the physical closure of
higher education institutions (HEIs) has shed a brighter light on the need of pedagogical
innovation. Given the specificity of medical and dental education, this crisis is necessary to
analyze, explore, and implement strategies that allow the development of clinical skills,
even in face of a distance learning situation.

The present study was aimed at assessing dental students’ self-perception on learning,
motivation, organization, tool acquisition, clinical skills, and knowledge using an active
learning method, such as PBL, through online/digital channels in a distance learning
context, as well as the identification of the limitations and difficulties in this context.

Given the primacy of the present investigation, all of the results were compared to
presential PBL method studies.

When comparing the answers as a function of the gender, no statistically significant
differences were found (p > 0.05, Mann–Whitney test), contrary to previous evidence [27].

Concerning the items categorized to Component 1, 63.6% of the students agreed that
the PBL method increased learning motivation in a clinical context (Q13), which supports
previously conducted studies that reported 65.2%, but is inferior to those reported before
of 95.6% [28] and 88.0% [30]. As for Q14, 71.2% agreed that the PBL method helps to create
clinical interest, which supports previous evidence, but nonetheless is inferior to 95.6%
reported [28]. Of the responding students, 71.2% agreed that the PBL method enhances
clinical problem-solving abilities (Q19), which is in line with previously conducted study
values of 66.7% [27] and 73.2% [31]. All of the remaining items from this component did
not support previous evidence. As to comparing the knowledge thoroughness gained by
the PBL method versus the conventional method (Q23), only 36.4% of the present study
students agreed, which is inferior to the percentage of 53.3% previously reported [27]. The
same tendency is verified in Q24 (comparison of relevance and interest), with 67.8% versus
83.4% previously [27]. When comparing to the subjects’ understanding of objectives to the
conventional method (Q25), 58.5% of the students of the present study agreed that the PBL
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method is better, facing 43.4% reported before [27]. As to the PBL method’s effectiveness
without a conventional lecture (Q27), 46.6% agreed, while only 20.0% was reported in a
previous study [27]. Also, in Q29, while assessing if the PBL method helped identify areas
of weakness for further improvement, our results found that 72.0% agreed, while only
50.0% was reported in a previous study [27].

The majority of the items categorized in Component 2 support previous evidence,
namely PBL interest (Q01: 89.0% vs. 70.0% [27]), interactive clinical learning environment
(Q02: 81.4% vs. 79.5% [31]), use of learning resources for clinical learning (Q03: 76.3%
vs. 82.1% [31]), achievement of curriculum outcomes (Q04: 63.6% vs. 65.2% [31]), and
extension of related knowledge (Q41: 83.1% vs. 83.0% [31]). As for Q40, 81.4% of the
students agreed that the PBL method enhances knowledge retention by practice, feedback,
and evaluation, which is consonant to what has been reported—85.7% [31]—but contrary to
other results of 60.0% [30]. In what concerns Q07 (subject understanding), the results of the
present study find that 76.3% agreed that the PBL method allows a better understanding
about the subject, which is inferior to previous results of 97.2% [28]. This question was
also mentioned in other previous studies, and even though strict data comparison is not
possible. Due to the ordinary nature of the Likert scale, results (3.87 ± 0.79) are inferior
to those presented of 4.42 ± 1.13 [26] and higher than 3.23 ± 0.57 [29]. Regarding Q05
(understanding basic concepts), our results (3.97 ± 0.78) are inferior to those previously
reported of 4.24 ± 0.88 [26].

Most of the items categorized in Component 3 did not support previous evidence,
with results inferior to those reported, namely ability to find information using the in-
ternet/library (Q15: 61.0% vs. 90.0% [27]), ability for public speaking (Q16: 52.5% vs.
93.3% [27] and 77.6% [26]), time-management skills (Q17: 55.9% vs. 90.1% [27] and
90.6% [26]), clinical reasonability in a clinical context (Q21: 76.3% vs. 90.6% [26]), and
development of scientific reading and writing skills (Q35: 68.6% vs. 80.3% [31]). The
exceptions for this tendency can be observed in Q18 (decision-making skills), where 66.1%
of the students agreed that the PBL method helped in developing linguistic skills and
self-confidence, in accordance with 60.0% [27] and 73.2% [31] previously, as well as in Q20
(development of linguistic skills and self-confidence in a clinical context), where the results
obtained by the present study (58.5%) are superior to those reported earlier (48.5% [31]).

The majority of the items categorized in Component 4 support previous evidence,
namely the practical and clinical application of ideas (Q31: 64.4% vs. 73.2% [31]); de-
velopment of clinical thinking, logical thinking, and abstract concepts (Q32: 81.4% vs.
83.0% [31]); and prior knowledge activation around a problem (Q38: 76.3% vs. 73.3% [27]
and 83.0% [31]). Regarding horizontal integration effectiveness (Q33: 86.4%), vertical inte-
gration effectiveness (Q34: 78.0%), and knowledge organization (Q39: 84.7%), our results
were higher than those reported of 75.0% [31], 60.7% [31], and 73.3% [27], respectively. In
regards to Q22, 81.4% of the students of the present study agree that a PBL hybrid system is
better than an exclusively conventional method, which is a significantly higher percentage
than the reported value of 46.4% [27].

Regarding the items categorized in component 5, 66.9% of the students agreed that
the PBL method can facilitate auditory learning in a clinical context (Q10), and only 39.0%
agreed on the facilitation of kinesthetic learning, which supports previous evidence of
79.5% [31] and 44.7% [31], respectively. The results obtained in Q9, visual/spatial learning
in a clinical context (71.2%), support those reported (76.5%) from a previous study [26],
while being superior to other results of 55.4% [31]. In relation to Q12, 70.3% of the students
of the present study agree that the PBL helps the conversion from a passive to active
lifelong learner in a clinical context, which is a significantly higher percentage than the
50.0% reported previously [27].

All of the items categorized in Component 6 did not support previous evidence,
showing inferior results in Q36, development of interpersonal skills (53.4%), and Q37,
development of intrapersonal skills (61.0%), to those reported in previous studies of
88.4% [31] and 87.5% [31], respectively.
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Meanwhile, all of the items categorized in Component 7 support previous evidence,
showing significantly higher results in Q8, student knowledge responsibility (90.7%), and
Q28, active processing of information (83.1%), than those reported in previous studies of
70.0% [27] and 63.0% [27].

The only item categorized in Component 8 was not comparable, since the previous
conducted study [32] compared all items as one, instead of an isolated analysis.

These findings deserve further reflection, hence the fact that even if there are other
goals that can be accomplished with PBL, clinical reasoning (Q21), self-directed learning
(Q08), and most of the factors referred to in Component 4 represent essential medical skills,
while students’ motivation (Q13) expands their internal learning drive, thus encouraging
extraction and comprehension of data from learning platforms (Q03). All of these variables
have been tested in the present study, and have shown positive results in online PBL
settings. Regarding the four domains of VARK (visual, auditory, reading/writing, and
kinesthetic), which represent essential skills for the dental field, our results demonstrate
that PBL, even in a distance learning context, can facilitate visual/spatial, auditory, and
reading/writing domains, while not easing the development of the kinesthetic domain
due to the lack of tools that allow at-home, hands-on practice. Concerning the comparison
to conventional methods in this particular setting, students self-perceived benefiting in
regards to knowledge thoroughness (Q23) and subjects’ understanding of objectives (Q25),
while considering online PBL to be more relevant and interesting (Q24). This summed up
to a majority belief that the hybrid method is better than the conventional one (Q22), with
significantly superior results in this setting (81.4%), than in a previous one (46.4%) [27].

Several limitations must be taken into account when interpreting the findings. The
most important is that the present study has a low response rate and is limited as to
the sample size, which may not fully allow generalization for the whole population of
dental students.

5. Conclusions

This study’s results demonstrate that online PBL can be considered a relevant learning
tool to be utilized within the specific context of clinical dental education, displaying benefits
over traditional learning strategies.

Overall, dental students prefer a PBL hybrid system over the conventional one, in a
distance learning context, and assume self-responsibility for their own learning. On the
other hand, knowledge thoroughness is perceived as inferior to that gained through the
conventional method.

The online PBL method is not a reliable tool to facilitate kinesthetic learning in a dental
clinical setting, as compared to other methods.

Nonetheless, the online PBL strategy can be viewed as a successful instrument to
improve information and clinical ability (visual/spatial and auditory) advancement in the
scope of dental education, with similar results to those obtained in a presential setting.

Further studies are needed to assess clinical skills and knowledge development
through active learning methods, such as PBL, in a distance learning context, as well
as to design and implement effective complementary kinesthetic distance learning tools,
namely through haptic technology, and also with a greater focus on the development of
communication and personal skills, such as video-based online approaches, that have been
showing promising results.
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Abstract: Purpose: To assess whether a clinical simulation-based obstetric blood loss quantification
workshop for medical undergraduate trainees improves theoretical–practical knowledge, along with
self-assurance and self-confidence. Methods: This was a quasi-experimental pre-post learning study
conducted at the Gynaecology and Obstetrics Unit of the Hospital Gregorio Marañón, Madrid, Spain.
Participants were volunteer students in their fourth year of a 6-year degree course in Medicine. The
study period was divided into the stages: pre-workshop, intra-workshop, 2 weeks post-workshop
and 6 months post-workshop. In the pre-workshop stage, students completed a brief online course
in preparation for the workshop. The effectiveness of the workshop was assessed through multiple
choice tests and self-administered questionnaires. Data were compared between time-points using
statistical tests for paired samples. Results: Of the 142 students invited (age 21.94 ± 3.12 years),
138 accepted the offer of the workshop (97.2%), and 85.4% had no experience in managing blood loss.
Between the stages pre- and 2 weeks post-workshop, significant improvements were observed in
theoretical–practical knowledge (µ = 1.109), self-assurance and self-confidence. At the 6 months post-
workshop stage, theoretical–practical knowledge diminished compared with 2 weeks post-workshop,
returning to pre-workshop levels, while self-assurance and confidence failed to vary significantly in
the longer term. Conclusions: The obstetric workshop improved theoretical–practical knowledge
and the self-assurance and confidence of the medical students. Results 2 weeks post-workshop were
maintained up until 6 months after the training intervention. The clinical simulation-based workshop
was perceived by the students as useful and necessary.

Keywords: clinical simulation; blood loss quantification; obstetric haemorrhage; knowledge; self-
assurance; self-confidence; usefulness; feedback
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1. Introduction

In the past decade, clinical simulation as a learning method for medical undergradu-
ates has advanced tremendously at universities and teaching hospitals across the world.
Clinical simulation is the fictitious performance of a complex clinical procedure with
sufficient realism to facilitate the acquisition of theoretical–practical skills, including com-
munication and coordination with medical staff, through immersion, practice and feedback,
while avoiding risks inherent to real healthcare situations. Among others, its benefits are
learning curve shortening, improved patient confidence and competitive results [1].

Since 2017, the Gynaecology and Obstetrics Unit of the Hospital Universitario Gre-
gorio Marañón (HUGM), Madrid, Spain, has been holding a series of clinical simulation
workshops for undergraduates of medicine from the Universidad Complutense de Madrid
(UCM), aimed at improving their understanding of maternal–neonatal health. These work-
shops are popular and seem subjectively to improve the theoretical–practical skills and
self-assurance and confidence of participants. However, to date, no effort has been made to
assess their effectiveness in an objective manner.

This study sought to assess the results of the workshop on “Quantification of blood loss
in Obstetrics” conducted in 2020–2021 with the participation of students in their fourth year
of a 6-year degree course in Medicine. The hospital teaching staff selected this workshop
on the grounds of the importance of adequately managing obstetric haemorrhage [2,3].
There is no consensus in the literature when it comes to defining postpartum haemorrhage;
however, one of the most accepted definitions is the one that defines it as a blood loss that
exceeds 500 mL after a vaginal delivery, or 1000 mL if it is a caesarean section9. Postpartum
haemorrhage appears in 1–5% of deliveries in our setting.

This complication of childbirth is the leading cause of maternal mortality, both in
emergent and industrialized countries [4,5]. The workshop strives to teach students the
necessary tools to learn how to diagnose an obstetric haemorrhage through the gravimetric
quantification of blood loss in different settings (postpartum or during a caesarean birth).

The HUGM is a tertiary hospital that serves patients with special risk of the appearance
of obstetric haemorrhage (induced labour, caesarean birth, twin birth or older maternal
age). Our department is currently working towards instructing all healthcare workers on
how to quantify blood loss by weighing fluids and sterile gauze during every delivery,
in an attempt to reduce maternal morbidity and mortality. We also have an established
multidisciplinary protocol for severe obstetric haemorrhage to help with the prevention,
diagnosis and treatment of patients with this complication of childbirth [6,7].

Visual estimation of obstetric-related blood loss alone is poorly sensitive and specific,
as it tends to underestimate real blood loss [3]. Thus, a more objective and accurate method
of estimating excessive bleeding is needed [8]. Gravimetric quantification consists of
weighing fluid losses collected in a calibrated under-buttocks drape or suction canister and
adding this volume to that measured by weighing blood-soaked items or gauzes. This is the
preferred method, recommended by guidelines issued by many national and international
institutions, such as the American College of Obstetricians and Gynaecologists [9,10].
In effect, many studies have shown that this tool improves the skills and confidence of
healthcare professionals [11,12].

The present study was designed to assess if the “Quantification of blood loss in
Obstetrics workshop” (hereafter “the workshop”) offered to medical students is useful
in terms of improving theoretical–practical knowledge, along with the self-assurance
and self-confidence of students when managing blood loss postpartum or during a
caesarean delivery.

2. Materials and Methods

The study design was quasi-experimental pre–post, with longitudinal follow up from
just before to several months after participating in the workshop implemented at the
Gynaecology and Obstetrics Dept. of the HUGM, during the academic year 2020–2021. The
recruited participants were 4th-year medical students enrolled in the subject of Obstetrics
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and Gynaecology, who were offered the workshop as part of their practical training in
the subject, and who were able to attend voluntarily. The author MM. was in charge
of controlling the lists of participants and verifying the correct completion of the tests
and questionnaires that they had to fill out through a virtual platform. Later, they were
downloaded in order to analyse the answers.

The workshop was divided into four consecutive stages which were described previ-
ously to the students (Figure 1). The stages were: (1) pre-workshop, (2) workshop, (3) up to
2 weeks after the workshop (short term), and (4) 6 months after the workshop (long term):

1. Stage 1: This was executed “on-line” via a virtual platform (www.aleesca.es/moodle,
accessed on 18 August 2021). Here, the students had access to descriptions of the
workshop along with the theory (presentations and videos) related to blood loss
quantification in obstetrics. The tasks to be completed were:

A. Multiple choice test (MCT), in which 20 questions should be answered in
30 min to assess theoretical–practical knowledge pertaining to the subject. For
each correct answer, 0.5 points were added (no points were subtracted for
incorrect answers).

B. Two self-administered questionnaires to assess the self-assurance and self-
confidence of the students when facing a similar clinical situation. Replies
were scored according to a semiquantitative Likert scale [13] (Appendix A).

2. Stage 2: This was the actual clinical simulation workshop completed. Over a period
of 1.5 hours, the students, in groups of 8–10, were given a brief lecture on how to
quantify blood loss postpartum or during a caesarean section. The students then put
their understanding of the topic into practice in different clinical scenarios with the
help of a mannequin and artificial blood. Students were encouraged to ask questions
during the task. A clinical scenario of a patient who had experienced postpartum
haemorrhage after a normal vaginal delivery was depicted. To do this, a mannequin
in the shape of a female pelvis was used, with a plastic blood collection bag located
under the pelvis and textile material (compresses, gauze pads and underpads) soaked
in blood. The student had to perform a gravimetric quantification of the blood lost
by the patient during the immediate postpartum period. Subsequently, the students
were able to design other simulated clinical scenarios (caesarean section, instrumental
delivery) with the same material, to continue practicing gravimetric quantification in
other situations.

3. Stages 3 and 4: These stages were completed on-line and included tasks such as:

C. A similar MCT to that of stage 1, but with questions designed to compare the
student’s understanding of the topic and practical skills before and at two time
points after the workshop.

D. Three self-administered questionnaires designed to assess their self-assurance,
self-confidence and perception of usefulness of the workshop, and to gain
feedback (Appendix A).

Assistance and completion of each workshop stage were noted, so that students
missing some of the tasks could be withdrawn from the study. Other exclusion criteria
were: students completing the MCT in under 3 min or over 30 min, and those needing
more than one attempt at the test.

The variables analysed were (Table 1): sex, age, prior experience, theoretical–practical
knowledge, self-assurance, self-confidence, perception of workshop usefulness and feedback.

Replies to the MCT and questionnaires were collected online and transferred to an
Excel sheet for their analysis. Statistical tests were performed using the software package
SPSS Version 21.0 (IBM Corp., Armonk, NY, USA). Quantitative variables were expressed as
the mean ± standard deviation, and categorical variables as their number and percentage.
To assess the changes produced in theoretical–practical knowledge (assessed through MCT)
between the different stages, we used the Student t-test for paired samples with significance
set at p < 0.05. These statistical tests were also used to assess changes in self-assurance
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and self-confidence between the different study stages (assessed through self-administered
questionnaires). The Kolmogorov–Smirnov test was used to check the normality of the data.
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Table 1. List of study variables along with their assessment method and qualifying measures.

Variable Assessment Method Qualifier

Sex Student characteristic Qualitative nominal

Age Student characteristic Quantitative discrete

Previous passive or active experience
with clinical situations involving

more than 1 L of blood loss
Student characteristic Quantitative discrete

0 occasions; ≥1 occasion

Theoretical–practical knowledge Multiple choice test Quantitative discrete
Score of 0–10 in 0.5-point steps

Self-assurance Self-administered questionnaire

Quantitative discrete
Likert scale (0–10)

Poor (0–2), medium (3–4), good (5–6), very
good (7–8) and excellent (9–10)

Self-confidence Self-administered questionnaire

Quantitative discrete
Likert scale (0–10)

Not at all confident (0–2), scarcely confident (3–4),
somewhat confident (5–6), confident (7–8) and

very confident (9–10)

Perceived utility Self-administered questionnaire

Quantitative discrete
Likert scale (0–10)

Not at all useful (0–2), not really useful (3–4),
indifferent (5–6), useful (7–8) and definitely

useful (9–10)

Feedback Self-administered questionnaire

Three questions with different non-exclusive
answers (students could mark as many options as

they wished)
Three questions with open answers

3. Results

Of the 147 students enrolled in the subject, 142 (97.2%) took part in the workshop.
After applying the exclusion criteria, the rate of participation was high (>95%), both at
the pre-workshop and workshop stages, and thereafter dropped slightly in the long-term
post-workshop stage (78.2%) (Figures 2 and 3).

The mean age of the students was 21.94 ± 3.12 years. Scores obtained in the MCT were
high, both in the pre- (mean = 7.47 out of 10) and post-workshop stages (8.52 and 7.47 at
2 weeks and 6 months, respectively). Between the stages pre-workshop and 2 weeks post-
workshop, a significant improvement was observed in theoretical–practical knowledge
(p < 0.05). At 6 months post-workshop, pre-workshop scores in response to the on-line
course were maintained (Tables 2 and 3).

Table 2. MCT results and improvements during the study course.

Results of Multiple Choice Test

Pre-WS
(N = 142)

Post-WS
2 Weeks
(N = 137)

Short-Term
Improvement

(µ post—µ pre)
(N = 137)

p
Post-WS
6 Months
(N =111)

Long-Term
Improvement

(µ 6 mo—µ 2 wk)
(N =111)

p

Score
(/10) 7.47 ± 1.66 8.52 ± 1.06 1.01 ± 1.60

(8.52–7.47) <0.05 7.47 ± 1.51 −1.15 ±1.24
(7.47–8.52) <0.05
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Table 3. Results of the self-assurance questionnaire and improvements during the study course.
WS = workshop; wk = weeks; mo = months; BLQ = blood loss quantification.

Self-Assurance Questionnaire

Pre-WS
(N = 141)

Post-WS
2 Weeks
(N = 138)

Short-Term
Improvement

(µ post—µ pre)
(N = 138)

p
Post-WS
6 Months
(N = 123)

Long-Term
Improvement

(µ 6 mo—µ 2 wk)
(N = 121)

p

1. Theoretical BLQ
knowledge 4.69 ± 2.21 7.37 ± 1.34 2.68

(7.37–4.69) <0.05 7.47 ± 1.38 0.02 ± 1.36
(7.47–7.37) 0.88

2. Practical BLQ
knowledge 4.71 ± 2.27 7.72 ± 1.13 2.98

(7.72–4.71) <0.05 7.58 ± 1.31 −0.18 ± 1.16
(7.58–7.72) 0.09

3. Practical
management skills 2.79 ± 2.26 6.87 ± 1.44 4.10

(6.87–2.79) <0.05 6.68 ± 1.53 −0.27
(6.68–6.87) <0.05

Results for self-reported confidence were similar. A significant improvement in scores
was observed between pre-workshop and 2 weeks post-workshop (p < 0.05). Between the
short- and long-term post-workshop stages, results remained practically stable, with a
slight non-significant decrease observed at 6 months (Table 4).

When asked about the workshop’s utility, in both the short and long term after the
workshop, close to 90% of the participants considered it useful, this type of intervention
being perceived as an essential part of medical training (Table 5, Figure 4).
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Table 4. Results of the self-confidence questionnaire and improvements during the study course.
WS = workshop; wk = weeks; mo = months; BLQ = blood loss quantification; PP = postpartum.

Self-Confidence Questionnaire

Pre-WS
(N = 141)

Post-WS
2 Weeks
(N = 138)

Short-Term
Improvement

(µ post—µ pre)
(N = 138)

p
Post-WS
6 Months
(N =123)

Long-Term
Improvement

(µ 6 mo—µ 2 wk)
(N = 121)

p

4. Experience with
BLQ 3.65 ± 2.3 6.58 ± 1.43 3.02

(6.59–3.57) <0.05 6.45 ± 1.66 −0.29
(6.43–6.71) <0.05

5. Controlling
blood loss 2.82 ± 2.13 6.09 ± 1.58 3.29

(6.09–2.80) <0.05 6.00 ± 1.79 −0.26
(5.98–6.24) 0.093

6. Controlling
initial situation 2.94 ± 2.07 6.05 ± 1.68 3.18

(6.06–2.88) <0.05 5.86 ± 1.84 −0.31
(5.84–6.15) 0.065

7. Visual BLQ 3.70 ± 2.20 6.40 ± 1.62 2.79
(6.39–3.60) <0.05 6.46 ± 1.65 −0.11

(6.43–6.55) 0.457

8. Gravimetric
BLQ 4.60 ± 2.51 7.91 ± 1.30 3.35

(7.92–4.57) <0.05 7.24 ± 1.61 −0.76
(7.24–8.00) <0.05

9. Differentiating
between mild and
severe blood loss

4.52 ± 2.22 7.30 ± 1.37 2.79
(6.39–3.60) <0.05 7.11 ± 1.59 −0.23

(7.10–7.32) 0.10

10. Coordinating
with other staff 4.84 ± 2.35 7.37 ± 1.43 2.58

(7.38–4.80) <0.05 7.32 ± 1.57 −0.14
(7.30–7.44) 0.31

11. Preventing
severe blood loss 3.28 ± 2.16 6.36 ± 1.77 3.11

(6.36–3.24) <0.05 6.52 ± 1.60 0.11
(6.49–6.38) 0.52

12. Assisting a
physician during
blood loss

4.62 ± 2.44 7.20 ± 1.61 2.66
(7.22–4.56) <0.05 6.99 ± 1.64 −0.36

(6.98–7.34) <0.05

13. Managing
blood loss under
supervision of
obstetrician

4.94 ± 2.46 7.25 ± 1.62 2.39
(7.26–4.88) <0.05 7.10 ± 1.79 −0.28

(7.08–7.36) 0.10

14. Managing
blood loss under
supervision of a
medical intern

4.55 ± 2.33 6.90 ± 1.66 2.42
(6.91–4.49) <0.05 6.92 ± 1.80 −0.10

(6.89–6.99) 0.55

15. Managing
blood loss without
supervision

1.65 ± 1.90 4.93 ± 1.96 3.38
(4.94–1.57) <0.05 4.59 ± 2.20

−0.48
(4.56–5.04) <0.05
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Table 5. Results of the perceived usefulness questionnaire and improvements during the study
course. WS = workshop; wk= week; mo = month; BLQ = blood loss quantification.

Perceived Usefulness Questionnaire

Post-WS
2 Weeks
(N = 138)

Post-WS
6 Months
(N = 123)

Long-Term
Improvement

(µ 6 mo—µ 2 wk)
(N = 121)

p

16. WS usefulness 9.14 ± 1.02 8.98 ± 1.19 −0.16 ± 1.19
(8.98–9.14) 0.13

17. Improved BLQ theoretical knowledge 8.97 ± 1.20 8.99 ± 1.11 0.06 ± 1.31
(8.98–8.93) 0.63

18. Improved BLQ practical knowledge 9.04 ± 1.06 8.68 ± 1.39 −0.34 ± 1.41
(8.67–9.02) <0.05

19. Reduced stress when faced with blood loss 8.38 ± 1.30 8.07 ± 1.56 −0.34 ± 1.45
(8.06–8.39) <0.05

20. WS needed in theoretical terms 8.96 ± 1.38 8.81 ± 1.57 −0.14 ± 1.82
(8.80–8.94) 0.40

21. WS needed in practical terms 9.31 ± 1.04 9.23 ± 1.11 −0.12 ± 1.08
(9.22–9.34) 0.24

22. WS should be obligatory 9.02 ± 1.39 8.85 ± 1.41 −0.16 ± 1.36
(8.84–8.99) 0.21

4. Discussion

Initially, 142 medical students signed up for the simulation-based workshop on blood
loss quantification in Obstetrics. Participation was high in most study stages (>95%),
although this proportion decreased to 78.2% in the long-term stage after the workshop.
Theoretical and practical knowledge assessed in the MCT improved significantly from
the pre- to short-term post-workshop stages, although this improvement did not persist
over time. The self-assurance and confidence of the students also showed significant
improvement from before to 2 weeks after the workshop, and these two improvements
continued in the long term. The questionnaire designed to assess how useful the workshop
was perceived by the students was clear in indicating that they found it useful and necessary
for their training.

Despite the high workload involving three MCTs and nine questionnaires to be com-
pleted over 6 months, the participation rate in all consecutive stages of this study was high.
This high participation highlights how receptive our medical students were to simulation-
based training extending for a period of 6 months. The teaching unit of the HUGM hosts
a large number of students every year. Furthermore, the division of the workshop into
several stages offers continuity in the follow up of students, and the “on-line” platform
(www.aleesca.es/moodle, accessed on 18 August 2021) offers rapid easy access to the teach-
ing material. Other studies that have assessed a simulation-based approach to blood loss
quantification in Obstetrics include one conducted in 44 medicine undergraduates [14], and
another one in a setting of midwifery with 65 participants [15]. These studies, nevertheless,
had different objectives and procedures than our investigation.

According to the MCT results regarding the acquisition of theoretical–practical knowl-
edge, we should mention that starting from a high mean pre-workshop score of 7.47, this
score went up significantly in the short term by one point, and thereafter returned to
baseline values at 6 months post-workshop. While this increase may seem unsurprising,
we should not forget that the students maintained a high grade (7–9 out of 10) throughout
the process, even in the long term, when they had not recently revised the theory of blood
loss quantification. Certainly, the study proves the necessity to organize similar repeated
training, since the results obtained before the workshop and after 6 months are almost
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identical (7.47 ± 1.66 vs. 7.47 ± 1.24). This highlights the importance of periodic training to
update the management of many obstetric emergencies.

According to the results of other studies [14], student understanding of this topic did
not significantly improve after clinical simulation. However, in a study with participants
who were midwives, an improvement in understanding along with improved efficiency
was observed compared with a group of midwives not completing the clinical simulation
course [12].

For most of the questionnaire items related to the self-assurance and confidence
of our participants, scores increased by a mean of more than 2.5 points. This has also
been observed by others who observed the improved confidence of midwives assisting a
simulation-based course on postpartum blood loss management, although the method used
to assess confidence was not specified [15]. In our study, not only were participant replies
collected adequately in terms of time and manner, but we also performed a comparative
analysis and obtained statistical significance.

Among the limitations of this study is the drop out of some participants at 6 months
post-workshop. This loss of students to follow up was likely due to a loss of motivation
over time, or the lack of interest of a minority of students whose performance was below
the average. In an analysis of the 25 students lost to follow up, it was observed that their
mean MCT score at 2 weeks post-workshop was 7.8, while the mean for the whole group
was 8.5.

Another limitation was the lack of a control group of students who did not complete
the workshop. As the workshop was offered to all students in their fourth year of Medicine,
a participation bias of the most applied students was assumed. We, nevertheless, consider
the excellent participation rate of 97.2% a main strength of this study.

As only medical students were enrolled, we could not assess the role of this simulation-
based workshop in improving the routine management of real patients with obstetric
haemorrhage. This could be resolved if this workshop was offered to resident doctors,
obstetricians or midwives. This issue was addressed in a rural hospital in Tanzania, and
the authors concluded that clinical simulation can lead to a 38% reduction in the number of
patients experiencing postpartum haemorrhage [16].

Among the study strengths, as far as we are aware, no published study has had the
same objectives and methods as ours. We should also mention the larger sample size than
described in most published reports [14,15], and highlight the excellent response shown by
the students throughout the whole study period.

Finally, our students perceived the simulation-based workshop as useful and necessary.
To our knowledge, these characteristics have not been assessed previously in similar studies
in the field of obstetrics. We feel that exploring factors such as these is essential to determine
the impact of this type of intervention on student behaviour and learning.

5. Conclusions

This simulation-based blood loss quantification workshop designed for medical stu-
dents in their fourth year resulted in significant improvements in the theoretical–practical
learning curve in the short term. Further improvements noted were the increased self-
assurance and self-confidence of the students when facing this clinical situation. The
workshop was also perceived as useful and necessary for their academic training. Based
on these findings, we would recommend the use of more clinical reconstruction teaching
interventions in faculties of medicine, as they seem much appreciated by students.
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Appendix A. Self-Confidence, Self-Assurance, Usefulness and
Feedback Questionnaires

Self-assurance

Question Reply

1.
How would you describe your

theoretical knowledge
of blood loss quantification?

Poor
(0–2)

Medium
(3–4)

Good
(5–6)

Very good
(7–8)

Excellent
(9–10)

2.
How would you describe your

practical knowledge
of blood loss quantification?

Poor
(0–2)

Medium
(3–4)

Good
(5–6)

Very good
(7–8)

Excellent
(9–10)

3.
How would you describe your practical
skills in managing obstetric blood loss?

Poor
(0–2)

Medium
(3–4)

Good
(5–6)

Very good
(7–8)

Excellent
(9–10)

Self-confidence

Question Reply

1.
How confident are you at dealing with

obstetric blood loss?
Not at all

(0–2)
Scarcely

(3–4)
Somewhat

(5–6)
Confident

(7–8)
Very

(9–10)

2.
How confident are you at controlling

blood loss?
Not at all

(0–2)
Scarcely

(3–4)
Somewhat

(5–6)
Confident

(7–8)
Very

(9–10)

3.
How confident are you at controlling the

initial situation?
Not at all

(0–2)
Scarcely

(3–4)
Somewhat

(5–6)
Confident

(7–8)
Very

(9–10)

4.
How confident are you at quantifying

blood loss visually (subjective)?
Not at all

(0–2)
Scarcely

(3–4)
Somewhat

(5–6)
Confident

(7–8)
Very

(9–10)

5.
How confident are you at quantifying
blood loss gravimetrically (objective)?

Not at all
(0–2)

Scarcely
(3–4)

Somewhat
(5–6)

Confident
(7–8)

Very
(9–10)

6.
How confident are you at differentiating

between mild and severe blood loss?
Not at all

(0–2)
Scarcely

(3–4)
Somewhat

(5–6)
Confident

(7–8)
Very

(9–10)

7.
How confident are you at coordinating

with the medical staff present?
Not at all

(0–2)
Scarcely

(3–4)
Somewhat

(5–6)
Confident

(7–8)
Very

(9–10)

8.
How confident are you at preventing

severe blood loss?
Not at all

(0–2)
Scarcely

(3–4)
Somewhat

(5–6)
Confident

(7–8)
Very

(9–10)

9.
How confident would you feel assisting a

clinician during a blood loss episode?
Not at all

(0–2)
Scarcely

(3–4)
Somewhat

(5–6)
Confident

(7–8)
Very

(9–10)
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Self-confidence

Question Reply

10.
How confident would you feel assisting

an obstetrician during a blood
loss episode?

Not at all
(0–2)

Scarcely
(3–4)

Somewhat
(5–6)

Confident
(7–8)

Very
(9–10)

11.
How confident would you feel under the

supervision of a resident doctor?
Not at all

(0–2)
Scarcely

(3–4)
Somewhat

(5–6)
Confident

(7–8)
Very

(9–10)

12.
How confident would you feel assisting a
blood loss episode without supervision?

Not at all
(0–2)

Scarcely
(3–4)

Somewhat
(5–6)

Confident
(7–8)

Very
(9–10)

Perceived usefulness

Statement Agreement level

1. I found the workshop useful
No, not

at all
(0–2)

No, not really
(3–4)

Indifferent
(5–6)

Yes (7–8)
Yes,

definitely
(9–10)

2.
My theoretical knowledge of obstetric

blood loss has improved

No, not
at all
(0–2)

No, not really
(3–4)

Indifferent
(5–6)

Yes (7–8)
Yes,

definitely
(9–10)

3.
My practical knowledge of obstetric blood

loss has improved

No, not
at all
(0–2)

No, not really
(3–4)

Indifferent
(5–6)

Yes (7–8)
Yes,

definitely
(9–10)

4.
This workshop will reduce my stress
levels when dealing with a blood loss

episode in the future.

No, not
at all
(0–2)

No, not really
(3–4)

Indifferent
(5–6)

Yes (7–8)
Yes,

definitely
(9–10)

5.
This workshop is necessary to gain

theoretical knowledge

No, not
at all
(0–2)

No, not really
(3–4)

Indifferent
(5–6)

Yes (7–8)
Yes,

definitely
(9–10)

6.
This workshop is necessary to gain

practical knowledge

No, not
at all
(0–2)

No, not really
(3–4)

Indifferent
(5–6)

Yes (7–8)
Yes,

definitely
(9–10)

7.
This workshop should be obligatory for

all medical undergraduates

No, not
at all
(0–2)

No, not really
(3–4)

Indifferent
(5–6)

Yes (7–8)
Yes,

definitely
(9–10)

Feedback

Question Reply (mark one or several)

1.
How did you feel about assisting

the workshop?
Curious Unsure Anxious None of these

2.
How did you feel when

conducting the simulation?
Sure of

yourself
Confused Stressed/tense None of these

3.
How do you feel about the

feedback session?
It was
useful

It helped me
connect with
my peers and

share
our ideas

It was an opportunity to
confront each other

None of these
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Abstract: The COVID-19 pandemic led to the implementation of digital psychiatry (DP), resulting
in the need for a new skilled healthcare workforce. The purpose of this study was to investigate
the level of training, knowledge, beliefs, and experiences of young mental health professionals
and medical students in DP. An ad hoc cross-sectional survey was administered and descriptive
analyses, Student’s t and ANOVA tests were conducted, together with an exploratory factor analysis,
bivariate correlations and linear regression. Most of the sample (N = 239) declared that DP was never
discussed within their academic training (89.1%), mainly revealing an overall lack of knowledge
on the issue. Nevertheless, subjects mostly declared that DP represents a valuable therapeutic tool
in mental health (80%) and that their training should include this topic (54.4%). Moreover, most
subjects declared that digital interventions are less effective than face-to-face ones (73.2%), despite the
emerging evidence that being trained in DP is significantly associated with the belief that digital and
in-person interventions are comparable in their effectiveness (p ≤ 0.05). Strong positive correlations
were found between the knowledge score (KS) and perceived significance index (PSI) (r = 0.148,
p < 0.001), and KS and Digital Psychiatry Opinion (DPO) index (r = 0.193, p < 0.001). PSI scores
statistically significantly predicted KS total scores (F(1, 237) = 5.283, R2 = 0.022, p = 0.022). KS scores
statistically significantly predicted DPO total scores (F(1, 237) = 9.136, R2 = 0.037, p = 0.003). During
the current pandemic, DP represented an ideal response to the forced physical distancing by ensuring
the advantage of greater access to care. However, this kind of intervention is still uncommon, and
mental health professionals still prove to be skeptical. The lack of formal training on DP during the
academic years could be a limiting factor.

Keywords: digital psychiatry; education; psychiatry training; telepsychiatry; trainees

1. Introduction

The term telemedicine (TM) refers to a way of providing healthcare services through
the use of innovative technologies, particularly Information and Communication Technolo-
gies (ICTs), in those circumstances in which the health professional and the patient are
not in the same place. The term TM, literally meaning “healing at a distance”, was coined
in 1970, referring to care programs addressed to geographically isolated patients [1]. The
origins of this technology date back to the early 20th century, and in the subsequent decades
rapidly evolved from the spread of the Erickson’s Bakelite telephones, the advent of the In-
ternet and ICTs until the development of online video-communication services (e.g., Zoom
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Cloud Meeting, Google LLC Meet). This innovation has implemented increasingly effective
remote health care, which nowadays represent a valid and cost-effective alternative to
the traditional in-patient interventions in various specialty areas of medicine [2–4]. In
recent years, before the COVID-19 pandemic, the annual number of TM visits has increased
enormously, with an estimated compound annual growth rate of 52% from 2005 to 2014
and 261% from 2015 to 2017 [5]. The current health emergency is rapidly transforming
the medical care system, driving the use of TM to a further exponential increase, the full
extent of which is still being measured with the present knowledge [6]. Early estimates
conducted by McKinsey & Company suggested that telehealth increased 38-fold during
the timeframe winter 2020 and winter 2021, with a usage peak during April 2020 and
subsequent stabilization in the subsequent months [6].

Telepsychiatry (TP) refers to the usage of ICTs in mental health care and treatment. It
represents one of the earliest adaptations of TM in the field of medicine [7]. Nowadays, TP is
the second most applicable type of TM globally (following teleradiology) [8,9]. If compared
to TP, the concept of telemental health (TMH) has a more recent origin and a broader
meaning, encompassing all technology-mediated modes of communication and referring
to the use of ICTs for diagnostic, therapeutic, preventive, educational, and administrative
purposes. The services supplied by TMH are provided not only by psychiatrists but also
by a broader range of professionals. Further, TMH includes both synchronous (that take
place simultaneously in different locations—such as videoconferencing or via telephone)
and asynchronous modalities (that occur at different places and times—such as messaging
or smartphone apps) [10]. Videoconferencing represents the most frequently applied
modality, approaching the traditional setting of the doctor-patient interview [11]. The latest
denomination of TMH is e-mental health (EMH), which similarly relates to the provision
of care services through electronic media. EMH refers to a user-centered model of care,
increasingly personalized to the user’s needs [12]. Another contemporary terminology
is digital psychiatry (DP), defining a highly tailored and confidential care relationship
through the use of an intuitive interface, and Digital Health Interventions (DHI) which
include all health interventions virtually delivered [13].

The COVID-19 pandemic disproportionately impacted mental health services world-
wide [14–17]. The pandemic-related outbreak and relative restrictive measures determined,
on the one hand, the abrupt discontinuation in the traditional mental health care; on the
other hand, the rapid modification of services to guarantee both the continuity of treatment
in usual patients and the access of new ones [18–20]. Among these adaptations, the imple-
mentation of TMH and TP services has allowed the substitution of traditional in-person
interventions in respect of the norms of physical distancing [21]. However, not all countries
and mental health services, including Italy, were adequately prepared for this “digital
revolution” since TP-related topics are rarely included in academic formation. Therefore,
the primary objective of the present work aims to preliminarily explore the level of training,
knowledge, beliefs, and experiences in the field of DP and related topics (i.e., TM, TP,
TMH, EMH, DP, DHIs) at different stages of training in a cohort of Italian medical students,
psychiatry trainees, and early career psychiatrists (ECPs). Secondly, explore if any determi-
nants (i.e., the level of training, the level of clinical practice experience) may influence the
level of knowledge of DP and related topics. Finally, explore if any determinants (i.e., the
level of training, the level of clinical experience, the level of knowledge in DP and related
topics) may influence the beliefs and/or opinions of Italian medical students, psychiatry
trainees, and early career psychiatrists (ECPs) in the field of DP and related topics (i.e., TM,
TP, TMH, EMH, DP, DHIs).

2. Materials and Methods

An ad hoc cross-sectional online survey was designed using Google LLC Forms and
disseminated, in both digital and paper form, from 28 September 2020 to 7 April 2021. The
link to participate was shared using social platforms, such as Facebook, WhatsApp, and
Instagram. The survey was also administered in paper form to all medical students who
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attended the SOD Unit of Clinical Psychiatry at the Azienda Ospedaliero-Universitaria
“Ospedali Riuniti”, in Ancona, Italy.

All recruited participants met the following inclusion criteria: (a) being an Italian
medical student, a medical doctor waiting to start a psychiatry training program, a psy-
chiatry trainee, or an ECP (i.e., a young psychiatrist within five years of their psychiatry
training program or less than 40 years old); (b) being able and willing to provide consent to
participate in the study and authorization to analyze data for research purposes; (c) filling
out all sections and questions of the survey.

The survey consisted of four main sections. The first focused on sociodemographic
data and included ten questions (seven multiple-choice and three open-ended questions).
This first section was designed to collect general data on participants (i.e., sex, age, civil
status, socio-economic status, current year of university study, current year of psychiatry
training, how many years post-psychiatry training program were passed, country of origin,
country of university studies, and so forth).

The second section consisted of 20 questions (14 multiple-choice and six 5-point Likert
rating scale questions) designed to collect information regarding academic training (if any)
in the field of DP and related topics (i.e., TM, TP, TMH, EMH, DP, DHIs). The six 5-point
Likert rating scale items (items 9–14 of the second section) were developed to assess the level
of participant’s perceived significance derived by the implementation of DP and related
topics (i.e., TM, TP, TMH, EMH, DP, DHIs) during the Faculty of Medicine and during the
Psychiatry Training Program, that it was named ‘Perceived Significance Index’ (PSI). The
PSI is the sum of items 9–14 of the second section and ranges 5–25. The internal consistency
was determined from Cronbach’s alpha calculation, considering that a Cronbach’s alpha of
0.70 or higher was adequate if the objective of the scale is for use in research [22].

The third section included 19 multiple-choice questions designed to explore partic-
ipants’ level of knowledge on the topic. This section was used to build an index named
Knowledge Score (KS), indicating the overall level of knowledge of the participants based
on the sum of their correct answers. The KS represents a continuous variable that was
developed to compare the level of knowledge in the field of DP and related topics accord-
ing the level of training (i.e., the four subgroups constituted by medical students, medical
doctors waiting to start a psychiatry training program, psychiatry trainees and ECPs), and
according to the level of clinical experiences in the field of DP and related topics (i.e., TM,
TP, TMH, EMH, DP, DHIs), as measured by the exploratory items contained in the second
section specifically investigating which topics of DP and at which levels of training have
been taught.

The fourth section consisted of 34 questions (5-point Likert rating scale) designed to
investigate participants’ opinions on DP and related topics (i.e., TM, TP, TMH, EMH, DP,
DHIs). The total score derived by the sum of all items of the fourth section was named
Digital Psychiatry Opinion index (DPO). The Kaiser-Mayer-Olkin (KMO) measure of sam-
pling adequacy suggested that the sample was favourable (KMO = 0.936) and the Bartlett’s
test of Sphericity was highly significant (χ2 = 6723.041, df = 561, p < 0.001). Thereafter, an
exploratory factor analysis (EFA) was performed with the principal components extraction
method and the Kaiser-Varimax rotation method. The number of factors was determined
by the size of eigenvalues (>1) and the variance explained by each factor, as well as the
coherence and interpretability of the factors. Items allocated to a specific factor were based
on a loading of more than 0.50 on the corresponding factor, and items were excluded when
the difference of factor loadings was less than 0.49. Lastly, the internal consistency was
determined from Cronbach’s alpha calculation, considering that a Cronbach’s alpha of 0.70
or higher was adequate [22].

Statistical analysis, including EFA, was conducted using Statistical Package for Social
Sciences (SPSS) software for macOS (version 26.0, IBM Corp., Armonk, NY, USA, 2019).
Categorical variables were summarized as frequencies and percentages (N; %), while
continuous variables (age, PSI, KS, DPO and related factors) were reported as mean and
standard deviation (S.D.). The normality of continuous variables was analyzed by using
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the Kolmogorov-Smirnov and Shapiro-Wilk normality tests. Student’s t-test or analysis of
variance (ANOVA), when appropriate, were used to compare the KS according to: (1) the
level of training (i.e., the four subgroups constituted by medical students, a medical doctor
waiting to start a psychiatry training program, psychiatry trainees and early career psychia-
trists; (2) the level of theoretical and/or practical training experiences (i.e., whether and
which DP and related topics were taught from a theoretical and/or practical point of view).
Mann-Whitney U or Kruskal-Wallis test, when appropriate, were used to compare the PSI,
DPO and related factors according to: (1) the level of training (i.e., the four subgroups
constituted by medical students, a medical doctor waiting to start a psychiatry training
program, psychiatry trainees and early career psychiatrists; (2) the level of theoretical and
practical training experiences (i.e., whether and which DP and related topics were taught
from a theoretical and/or practical point of view). Bivariate Pearson’s correlations were
used to investigate potential relationships between DPO and KS, DPO and PSI, and KS
and PSI scores. Linear regression analysis was performed to investigate the associations
between DPO and KS, DPO and PSI, and KS and PSI scores. The level of significance was
set at α ≤ 0.05, and all hypotheses were two-tailed.

3. Results
3.1. Sociodemographic Results

Key sociodemographic characteristics are summarized in Table 1. The final sample in-
cluded 239 subjects, of which the majority were female. The mean age was 26.6 (±SD = 3.9)
years, ranging from 19 to 41 years. Regarding marital and economic status, the majority were
single/unmarried and belonging to the middle class. Regarding current college/work status,
slightly over a half were medical students, and the remaining were newly qualified doctors,
psychiatry trainees, and ECPs, approximately one-third each one. Among medical students, the
majority attended the fifth or sixth year. Within the sample of psychiatry trainees, most reported
attending the first year of their psychiatry training program. The majority of the sample stated
that they were studying/working in Italy.

3.2. Training in Digital Psychiatry

Most of the sample stated that the topics of TM, EH, EMH, and DP had not been
taught within their medical school training, and, whereas these topics were discussed in
the academic setting, the time dedicated to them was little, i.e., less than 20% of the total
training time (N = 222; 92.9%). Nevertheless, more than half of the sample declared that
implementing a course/module about TM (N = 133; 55.6%) or EH (N = 148; 62%) within the
medical school would be important. Similarly, almost all the sample stated that no training
in DP was provided within the psychiatry training program or they were unaware of it
(N = 230; 96.2%). However, the majority declared that implementing a course/module on
TP (N = 174; 72.8%), DP (N = 182; 76.2%), or EMH (N = 185; 77.4%) within the psychiatry
training program would be important. Furthermore, 33 subjects reported to have applied
their DP-related knowledge in their clinical practice (13.8%), and 11 declared to have used it
moderately (i.e., about 1–2 times/month) even before the onset of the COVID-19 pandemic
(4.6%). Finally, 15 subjects reported that they had never applied DP before the COVID-19
pandemic (6.3%), and 11 declared that the pandemic slightly intensified the use of DP
(4.6%). The PSI score showed an excellent internal consistency (Cronbach’s a of 0.92). The
mean average of PSI was 23.1 (SD = 4.7), without any significant sex-based differences
(p = 0.496) (Table 2). Interestingly, psychiatry trainees showed significantly lower PSI
scores compared to ECPs (p = 0.007) and newly qualified M.D. waiting for a psychiatry
training program (p = 0.011); while medical students showed significantly lower PSI scores
compared to ECPs (p = 0.047) (Table 3).
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Table 1. Socio-demographic data of the sample.

Socio-Demographic Data of the Sample

Variable Answer N %

Sex
Male 92 38.5

Female 147 61.5

Marital status
Single/unmarried 202 84.5

Married/cohabiting 37 15.5

Economic status
(optional item)

Low 15 6.3
Average 175 73.2

High 41 17.2
Not known 8 3.3

Current position

Medical students 140 58.6
First year 1 0.7

Second year 1 0.7
Third year 5 3.6

Fourth year 10 7.1
Fifth year 25 17.9
Sixth year 98 70

Newly qualified doctors 34 14.2

Psychiatry residents 39 16.3
First year 22 56.4

Second year 7 18
Third year 8 20.5

Fourth year 2 5.1

ECPs 26 10.9
<1 year 8 30.8

1–2 years 4 15.4
2–3 years 2 7.6
4–5 years 4 15.4
3–4 years 8 30.8

Medical school country Italy 236 98.7
Foreign 3 1.3

Psychiatry residency country Italy 63 96.9
Foreign 2 3.1

N: frequency; %: percentage; ECP: Early Career Psychiatrist.

Table 2. Perceived Significance Index according to socio-demographic and training variables.

Mean SD p-Value *,**

Male 22.8 4.8
* 0.496Female 23.2 4.7

Single/unmarried 22.9 4.7
* 0.150Married/cohabiting 24 5

Low income 22.9 4.8
** 0.680Medium income 23.2 4.7

High income 22.8 5.2

Medical Students 22.8 4.8

** 0.015
Newly qualified M.D. 24.6 3.6
Psychiatry residents 21.7 4.4

ECP 24.7 5.3
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Table 2. Cont.

Mean SD p-Value *,**

Medical Students

** 0.558

First Year n.m. n.m.
Second Year n.m. n.m.
Third Year 21.6 5.4
Fourth Year 24.6 3.4
Fifth Year 21.6 5.1
Sixth Year 22.9 4.8

Psychiatry residents

** 0.968
First Year 22 4.1

Second Year 20.6 5.7
Third Year 21.6 4.5
Fourth Year 23 7.1

ECP

** 0.575

<1 year 23.5 5.8
1–2 years 22 6.7
2–3 years 22 7
3–4 years 26.2 5
4–5 years 26.5 4.2

Taught TM in Medicine Faculty
* 0.446Yes 22.6 4.4

No 23.1 4.8

Taught EH in Medicine Faculty
* 0.025Yes 20.4 4.5

No 23.2 4.7

Taught EMH in Psychiatry Training
Programme

* 0.308Yes 20.4 4.7
No 23.2 4.7

Taught DP in Psychiatry Training
Programme

** 0.882Yes 21.8 5.7
No 23.2 4.7

Type of DP Training

** 0.151
Only theoretical 18 0
Only Practical n.m. n.m.

Theoretical and Practical 23.2 3.6

Clinical Practice in DP

** 0.235
Qualified, Yes 24.3 4.7
Qualified, No 23 4.7

Not Qualified, No 22.8 4.8

How much COVID-19 pandemic favoured
the implementation of DP in my clinical

practice?
** 0.324None change 23.8 4

Slight change 21.7 6.7
Moderate change 26.3 3.7

Substantial change 25.6 4
M: mean; SD: standard deviation; ECP: Early Career Psychiatrists; n.m.: not measurable. * Mann Whitney’s U-test;
** Kruskal-Wallis test. Bold number indicates significant p-value.
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Table 3. Pairwise comparisons PSI according to the level of training.

Sample 1–Sample 2 Statistics of Test Standard Error Statistics of Standard Test p-Value

Psychiatry Trainee vs. Medical Student 18.017 12.472 1.445 0.149

Psychiatry Trainee vs. Newly qualified medical doctor 41.127 16.162 2.545 0.011

Psychiatry Trainee vs. ECP −47.192 17.440 −2.706 0.007

Medical Student vs. Newly qualified medical doctor −23.110 13.170 −1.755 0.079

Medical Student vs. ECP −29.175 14.710 −1.983 0.047

Newly qualified medical doctor vs. ECP −6.066 17.946 −0.338 0.735

ECP: early career psychiatrist. Each line runs a statistical test according to the null hypothesis that the distribution
between sample 1 and sample 2 are identical. The asymptotic significance (2-way) are represented in the table
with a significance level set at 0.05. Bold number indicates significant p-value.

3.3. Level of Knowledge on Digital Psychiatry

More than half of the sample (N = 134; 56.1%) gave an incorrect definition of EH;
conversely, most of the sample correctly defined TP (N = 176; 73.6%) and TM (N = 137;
57.3%). Regarding the main targets of TM, the majority of the sample indicated most of the
correct answers. Concerning the sub-specialties included in the DP, over half of the sample
correctly identified TP, EMH, and TM, while only the minority of the sample indicated
phone-, chat-, and email-based psychiatric counseling, smartphone apps, social media.
Regarding DHIs, only 24.3% (N = 58) of the participants correctly replied that they require
neither physical nor temporal co-presence of clinician and patient. There were conflicting
responses regarding which platforms/tools could be included in DHIs.

Obsessive-compulsive disorder (OCD), post-traumatic stress disorder (PTSD), and phobias
were correctly identified by the majority of the sample (N = 175; 73.2%) as mental health
conditions that may be treated by using digital interventions. The majority of the sample
(N = 136; 56.9%) correctly identified PTSD and attention deficit hyperactivity disorder (ADHD)
as conditions for which TP is recommended. The majority of the sample (N = 164; 68.6%) also
indicated paranoia and the paranoid state as contraindicated conditions in TP, in line with the
International Psychoanalytic Association (IPA) guidelines. Conversely, only 22.2% of the sample
(N = 53) indicated severe trauma as contraindicated conditions in TP.

Almost all the sample could not determine the historical origin of TP, while most of the
sample recognized the country in which TP was born and identified videoconferencing as
the most commonly used mode of communication in TP; only one-fifth of the participants
were able to indicate Zoom as the platform recommended by the European Association for
Psychotherapy (EAP) guidelines.

According to most participants, the patient should be able to access the Internet
and use the electronic device independently (N = 210; 87.9%) and has to be skilled in
electronic device characteristics and the management of their sensitive data (privacy and
confidentiality) (N = 204; 85.4%). Most of the sample believe that the mental health
professional should investigate the patient’s attitude towards online treatment (N = 177;
74.1%) and obtain informed consent (written form) before providing a TP consultation
(N = 172; 72%). In contrast, over half of the sample erroneously declared that the clinician
should attend a training course/obtain a certification to use DP (N = 141; 59%).

The mean average KS was 9.9 (SD = 2.7), with statistically significantly higher scores
in women (p = 0.023), psychiatry trainees and ECPs (in both cases, p < 0.001) (Table 4). As
expected, statistically higher KS were reported among those who gave a correct definition
of DP (p = 0.01), TP (p = 0.02), and DHIs (p < 0.001). Time dedicated to the topic during
the training did not influence KS, even though a trend was observed (p = 0.07). Higher
KS scores were observed in those who had applied their knowledge in digitally-delivered
mental health interventions, acquired during their university and post-lauream studies,
into their clinical practice (p < 0.001), had applied digital interventions moderately even
before the COVID-19 pandemic (p = 0.04), had moderately or substantially increased the
frequency in their use of DP during the pandemic (p = 0.03) (Table 4).
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Table 4. Knowledge Score according to socio-demographic and training variables.

Mean KS SD Statistical Test *,** p-Value

Male 9.5 2.5
* t(237) = −2.281 0.023Female 10.3 2.8

Single/unmarried 9.7 2.7
** F(1) = 12.403 0.001Married/cohabiting 11.4 2.7

Low income 9.9 2
** F(3) = 0.377 0.77Medium income 9.9 2.8

High income 10.3 2.5

Medical Students 9.1 2.4

** F(3) = 15.046 <0.001
Newly qualified M.D. 10.4 2.9
Psychiatry residents 11.2 2.2

ECP 12.1 2.8

Medical Students

** F(5) = 0.492 0.782

First Year 10.2 n.m.
Second Year 9.3 n.m.
Third Year 7.8 2.6
Fourth Year 9.1 2.7
Fifth Year 8.7 2
Sixth Year 9.2 2.6

Psychiatry residents

** F(3) = 0.176 0.912
First Year 11.1 2.4

Second Year 10.4 2.1
Third Year 11.3 3.6
Fourth Year 10.8 2.2

ECP

** F(4) = 1.407 0.265

<1 year 10.8 3.2
1–2 years 12.7 1.8
2–3 years 9.5 5
4–5 years 11 0.5
3–4 years 13.5 3.3

Taught TM in Medicine Faculty
* t(237) = −0.570 0.569Yes 9.7 2.3

No 10 2.8

Taught EH in Medicine Faculty
* t(237) = −0.848 0.397Yes 9.3 3.5

No 10 2.7

Taught EMH in Psychiatry Training
Programme

* t(213) = −1.177 0.24Yes 8.9 2.7
No 10.1 2.7

Taught DP in Psychiatry Training Programme
* t(216) = −1.786 0.075Yes 8 2.8

No 10.2 2.7

Type of DP Training

** F(2) = 0.977 0.429
Only theoretical 2.6 4.2
Only Practical 11.7 n.m.

Theoretical and Practical 11.7 4.7
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Table 4. Cont.

Mean KS SD Statistical Test *,** p-Value

Clinical Practice in DP

** F(2) = 8.827 <0.001
Qualified, Yes 11.2 3
Qualified, No 10.5 2.9

Not Qualified, No 9.3 2.4

How much COVID-19 pandemic favoured the
implementation of DP in my clinical practice?

** F(3) = 3.327 0.033
None change 9.5 3.7
Slight change 10.6 1.8

Moderate change 13.2 1.5
Substantial change 12.2 2.8

M: mean; SD: standard deviation; ECP: Early Career Psychiatrists; n.m.: not measurable. * Student’s t-test;
** ANOVA. Bold number indicates significant p-value.

3.4. The Digital Psychiatry Opinion

The majority of the sample declared that TM might improve healthcare in various
conditions. Responses were uneven regarding DP’s potential to provide interventions
comparable to those in-person and ensure adequate privacy. More than half of the sample
agreed (N = 134; 56.1%) that DP did not affect the building of a good therapeutic alliance
with the patient. However, most of the sample stated that, before providing DP interven-
tions, the clinician should accurately assess the risks versus benefits of the digital tool
(N = 200; 83.7%). They also declared that DP should mainly be used for follow-up visits of
already known and stable patients (N = 192; 80.4%) and that it should not be recommended
during a first assessment visit (N = 179; 74.9%).

Overall, most participants declared that DP cannot wholly replace traditional in-person
interventions (N = 170; 71.2%). Moreover, more than half of the sample believe that DP
synchronous interventions are more effective than the asynchronous ones (N = 151; 63.1%),
and a substantial part of the sample declared that DP should be provided just in syn-
chronous mode (N = 100; 41.9%). Only 28.4% of the sample (N = 68) correctly declared that
digital interventions are effective as in-person interventions, being significantly reported
among those participants who declared to have received training in DP (p = 0.01).

EFA and scree plot indicated that 30 items out of the initial 34 items of the fourth
section, loaded onto five factors with eigenvalues greater than one should be retained,
accounting for 67.6% of the total variance (Figure S1). Factor 1 (named ‘Mental Health
Services Improvement of Digital Interventions’, F1) consisted of 10 items (range 10–50)
explaining 45.6% of the total variance. Factor 2 (named, ‘Preliminary needed technical
requirements and indications for delivering digital mental health interventions’, F2) con-
sisted of six items (range 6–30) and accounted for 9.3% of the total variance. Factor 3
(named, ‘Basic needed training requirements for delivering digitally-mediated mental
health interventions’, F3) consisted of six items (range 6–30) accounting for 5.6% of the
total variance. Factor 4 (named, ‘Opinions regarding the comparable efficacy between
in-person versus digitally-delivered mental health interventions’, F4) consisted of four
items (range 4–20) and explained 3.8% of the total variance. Factor 5 (named, ‘Usability
of digitally-delivered mental health interventions in special/critical situations’, F5) con-
sisted of four items (range 4–20) and accounted for 3.3% of the total variance. Pearson’s
correlations analyses showed that there were significant positive correlations among these
five factors. Analysis of the internal consistency showed an excellent internal reliability in
the DPO index (Cronbach’s α of 0.961), and excellent reliability in the following retained
factors (Cronbach’s α of 0.945 for F1, Cronbach’s α of 0.903 for F3, Cronbach’s α of 0.910
for F5. While a good internal consistency was shown for F2 (Cronbach’s α of 0.887) and
acceptable for F4 (Cronbach’s α of 0.786).

The mean average of DPO was 111.40 (SD = 19.2), without any significant sex-based
differences (p = 0.414), neither for the level of training (p = 0.373), the type of training
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provided during medical school and/or psychiatry training programs (p = 0.118), clinical
practice experience before the COVID-19 pandemic (p = 0.376) and after COVID-19 pan-
demic (p = 0.658). The mean average of F1 was 38.4 (SD = 8.1), without any significant
differences for sex (p = 0.392), for level of training (p = 0.261), for the presence/absence of
TM (p = 0.699), EH (p = 0.378), EMH (p = 0.937), DP training (p = 0.533). No significant differ-
ences were found depending on the type of training acquired in DP (theoretical/practical)
(p = 0.410) or the level of clinical practice in DP (p = 0.647).

The mean average of F2 was 23.7 (SD = 4.5), without any significant differences for sex
(p = 0.199), for level of training (p = 0.831), for the presence/absence of TM (p = 0.537), EH
(p = 0.373), EMH (p = 0.263), DP training (p = 0.155). No significant differences were found
depending on the type of training acquired in DP (theoretical/practical) (p = 0.424) or the
level of clinical practice in DP (p = 0.239).

The mean average of F3 was 22.6 (SD = 4.5), without any significant differences for sex
(p = 0.730), for level of training (p = 0.768), for the presence/absence of TM (p = 0.378), EH
(p = 0.131), except for EMH (p = 0.019) and DP training (p = 0.010). No significant differ-
ences were found depending on the type of training acquired in DP (theoretical/practical)
(p = 0.109) or the level of clinical practice in DP (p = 0.601).

The mean average of F4 was 10.5 (SD = 3.2), without any significant differences for sex
(p = 0.571), for level of training (p = 0.336), for the presence/absence of TM (p = 0.935), EH
(p = 0.354) and DP training (p = 0.230), except for EMH (p = 0.027). No significant differ-
ences were found depending on the type of training acquired in DP (theoretical/practical)
(p = 0.118) or the level of clinical practice in DP (p = 0.185).

The mean average of F5 was 16.3 (SD = 3.3), without any significant differences
for sex (p = 0.534), for level of training (p = 0.259), for the presence/absence of TM
(p = 0.592), EMH (p = 0.109) training, except for EH (p = 0.015) and DP training
(p = 0.046). F5 scores were significantly higher in psychiatry trainees belonging to the
first year of their psychiatry training program, compared to senior psychiatry trainees
(p = 0.007) and in those who declared to have already used DP before the COVID-19 pan-
demic (p = 0.011). No significant differences were found depending on the type of training
acquired in DP (theoretical/practical) (p = 0.666) or the level of clinical practice in DP
(p = 0.370).

3.5. Associations between KS, PSI and DPO

Bivariate correlations analyses demonstrated strong positive significant correlations
between KS and PSI (r = 0.148, p < 0.001), KS and DPO (r = 0.193, p < 0.001) and KS and
each factor of DPO (Figure 1). Linear regression analysis demonstrated that PSI scores
statistically significantly predicted KS total scores (F(1, 237) = 5.283, R2 = 0.022, p = 0.022)
(Figure 2). Linear regression analysis demonstrated that KS scores statistically significantly
predicted DPO total scores (F(1, 237) = 9.136, R2 = 0.037, p = 0.003) (Figure 3).
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5. Higher correlations are marked with darker shades, while lower correlations are marked with
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4. Discussion

At the time of writing, this study represents the first Italian one to investigate the
level of training and attitudes of medical students and young mental health professionals
in the field of DP. Despite their long history, DP-related disciplines appear to be poorly
addressed within the Italian academic formation, leading to a lack of knowledge on the
topic. Although some participants possess general notions regarding TM and TP, specialty
and detailed knowledge are often lacking. In addition, only a limited number of subjects
demonstrated awareness about the recent introduction of digital tools in clinical practice.
Nevertheless, most participants expressed interest in having these topics addressed during
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their training, particularly ECPs and newly qualified medical doctors waiting to start a
psychiatry training program. The reason would be mainly explained by the same starting
working condition of both categories who are going to start working on the frontline and
may feel the need to possess more technical skills also in the field of DP, due to the current
COVID-19 pandemic. Moreover, early career (and inexperienced) health professionals
are those more prone to consider DP and related disciplines significantly important to be
implemented in medicine courses and/or psychiatry training programmes, being those
who showed higher PSI scores, compared to more senior (mental) health professionals. PSI
significantly predicts KS, probably due to the fact that a positive and propositive attitude
towards DP and related disciplines can predispose mental health professionals to deepen
this topic, also independently by a formal academic DP training. In particular, our findings
demonstrated that to be female and trained in DP-related topics is significantly associated
with higher KS. Significantly higher KS scores were also found among ECPs and psychiatry
trainees and this could reflect the initial hypothesis that at a later stage of psychiatry
training each participant could have received a formal (practical and/or theoretical) DP
training. Interestingly, the most significantly higher KS scores were found among those
who declared to have received a practical (formally and/or informally) clinical experience
in delivering digital mental health interventions. Furthermore, KS significantly predicts
DPO, by underlining how knowing and to be informed about DP can significantly influence
participant’s DP opinion and attitude and, hence, their application of DP interventions in
their routinely clinical practice. In fact, those participants who declared to be trained in
DP and EMH showed significantly positive opinions regarding which professional and
training skills are needed to provide digital mental health interventions (factor 3), think
that in-person versus remote digital mental health interventions are comparable in terms of
efficacy (factor 4) and that digital mental health interventions may represent a useful tool
in those critical/emergency situation, such as the current COVID-19 pandemic (factor 5).
Indeed, the current COVID-19 pandemic may have influenced our findings as the study
was carried out during the second Italian COVID-19 pandemic wave, as demonstrated by
the highest opinions towards the usability of digital mental health interventions during
crisis/emergency situations provided by psychiatry trainees at their early stage.

Overall, the present findings of the inadequate DP training in Italy are in line with
data collected in other European countries, such as France [23], and in non-European
countries, such as India [24], Sri Lanka [25] and Asia-Pacific Regions [26]. Similarly, the
overall interest in implementing the field of DP is consistent with past findings in samples
of medical students and psychiatry trainees [24–31]. Conversely, different data emerge
from U.S. studies conducted in the last decade. According to these, one-fifth of respondents
had received formal training in TP already during medical school [27] and almost half of
them during psychiatry training programs [32].

Most participants shared the same beliefs regarding both advantages and limitations of
DP. The large majority declared that the application of ICTs could facilitate treatment access
and continuity in case of reduced mobility, geographic isolation, or health emergencies.
Moreover, most participants believe that digitalization could result in cost-saving, bringing
a concrete benefit to the National Health Service, and a better rationalization of social and
health care processes. These findings are in accordance with those emerging from previous
studies [15,29,33,34].

At the same time, in line with earlier findings [35,36], data showed a general hesitation
and lack of confidence regarding digital interventions. In particular, the perplexities
concerned the effectiveness of digital interventions compared to in-person ones, despite
the evidence proving that the two modes are equally effective in terms of outcomes,
treatment adherence, and symptomatology improvement [37]. Only a tiny percentage of
the sample declared that digital interventions are as effective as in-person ones, following
data emerging from existing literature [30,38,39].

In this regard, the present work showed that being trained in DP is significantly asso-
ciated with the belief that DP is equally effective to in-person care. Indeed, the knowledge
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acquired through adequate (mainly practical) training on DP can favorably influence the
perception of its usefulness and validity in clinical practice [40]. It therefore seems unde-
niable that the lack of education and clinical practice in this field, leading to a negative
influence on clinicians’ opinions, is a critical limiting factor in the process of psychiatry
digitization [36,41].

Moreover, data revealed a general concern about achieving a good therapeutic alliance
through digital tools. These results are consistent with existing literature [11,30,34,35,39],
and in contrast with the evidence that patients treated via videoconferencing tend to
consider the therapeutic alliance valid [42]. Other perplexities were related to data and
privacy protection and the appropriateness of using DP during the first psychiatric visit
rather than just in follow-up visits in already stable patients. Likewise, those concerns are
in line with previous research [34,35,40].

These preliminary findings should also be considered in light of the limitations that
this first study presents. First, the choice of a mixed-mode data collection (both hand-
to-hand and digital form). In fact, the digital form did not allow to verify the actual
occupational/work belonging and, hence, to ensure the respect of inclusion criteria. In
addition, the digital modality does not prevent filling out the questionnaire more than
once. Second, the study’s cross-sectional nature allowed us to have the current snapshot
of the Italian situation but did not provide an observation over time (i.e., comparison
between before and after academic training). Third, the period of data collection during
the COVID-19 pandemic may have determined an overestimation of the KS and level of
interest/attitude towards DP (i.e., the recent rapid spread of DP could have impacted KS).
Fourth, the small sample size may have undermined the sample’s representativeness, which
may vary in its characteristics on a regional basis. Finally, the sample of medical students
and psychiatry trainees was widely more represented than ECPs. This may explain the low
values of KS and the poor training on the issue. Similarly, among psychiatry trainees, most
of the sample was represented by those attending the first year, i.e., at the very beginning
of their training.

Therefore, our findings may interestingly address more specific changes in DP training,
as they underline how it is significant to implement education and clinical practice in DP
and related disciplines since the course of medicine and then during psychiatry training
programmes. Another important point regards the presence of a mentorship program
within psychiatry training programmes which could significantly improve the PSI as well
as DPO among early career (mental) health professionals, as it has been demonstrated that
own a positive attitude towards the importance to implement DP and related disciplines in
university and post-university courses may significantly improve the level of knowledge
and, then, the overall opinion in digital mental health interventions and, hence, incentivize
their use in the routinary clinical practice. The current COVID-19 pandemic taught that
digitalization is an essential part of the (mental) health services and infrastructures which
should be greatly implemented as it may ensure the continuity to access and care in
(mental) health services that could be abruptly discontinued due to the crisis/emergency
situation and represent a protective factor towards the recrudescence of mental health
conditions. Further studies with a greater sample size and more homogeneous geographic
representation are needed to confirm what emerged from this research. Moreover, further
longitudinal studies should appropriately stratify the results, considering the different
academic and occupational categories and the variations in participants’ KS and attitudes
over time.

5. Conclusions

In conclusion, the present study demonstrated the lack of formal training in DP within
medical school and psychiatry training programmes, despite the recent digitalization of
several health care services and medical specialties. The lack of theoretical and practical
education during the academic years may represent a limiting factor to the spread of DP,
resulting in a vast digitalization gap in today’s clinical practice. These findings reported
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that those who had received academic training had a more favorable opinion about digital
mental health interventions and were more inclined to use them in their clinical practice.
Overall, developing a toolkit of core competencies in the field of DP and including it within
the formal training should be encouraged. Starting from a good education, we may see
impressive increases in the digitization of psychiatry in the coming years.
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Abstract: Objective Structured Clinical Examinations (OSCEs) are routinely used in healthcare
education programs. Traditionally, students undertake OSCEs as face-to-face interactions to assess
competency in soft skills. Due to physical distancing restrictions during COVID-19, alternative
methods were required. This study utilized a mixed-method design (online survey and interviews) to
evaluate second-year pharmacy students’ and examiners’ experiences of their first virtual OSCEs in
Australia. A total of 196 students completed their first virtual OSCE in June 2020 of which 190 students
completed the online survey. However, out of the 190 students, only 88% (n = 167) consented to the
use of the data from their online survey. A further 10 students and 12 examiners were interviewed.
Fifty-five students (33%) who participated in the online survey strongly agreed or agreed that they
preferred the virtual experience to face-to-face OSCEs while 44% (n = 73) neither agreed nor disagreed.
Only 20% (n = 33) felt more anxious with the virtual OSCEs. Additionally, thematic analysis found
non-verbal communication as a barrier during the OSCE. Positive aspects about virtual OSCEs
included flexibility, decreased levels of anxiety and relevance with emerging telehealth practice. The
need for remote online delivery of assessments saw innovative ways of undertaking OSCEs and an
opportunity to mimic telehealth. While students and examiners embraced the virtual OSCE process,
face-to-face OSCEs were still considered important and irreplaceable. Future opportunities for OSCEs
to be delivered both face-to-face and virtually should be considered.

Keywords: e-learning; healthcare education; telehealth; OSCE; pharmacy; communication

1. Introduction

Objective Structured Clinical Examinations (OSCEs) have been used routinely in
healthcare education programs. Traditionally, students undertake OSCEs as face-to-face
interactions to assess competency in soft skills including problem solving, empathy and
communication. Students move through a circuit of purposely designed stations to assess
them in a standardized simulated environment. At each station, students complete a
clinical task within a predetermined time in the presence of a simulated patient. These
simulated patients adhere to a strict script to ensure that each student is assessed in a
standardized manner. In the pharmacy course, an OSCE is used to evaluate students
simulating a patient–pharmacist encounter in a community or hospital pharmacy setting.
There may also be instances where the student will simulate a pharmacist encounter with
another healthcare professional. These OSCEs assess content knowledge as well as problem
solving, communication skills and empathy. OSCEs are considered the gold standard in
assessing skills development in clinical students due to their objectivity and reliability [1].

Due to physical distancing restrictions during the COVID-19 pandemic, alternative
methods of conducting OSCEs were required as face-to-face OSCEs were no longer possible
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at many institutions. Fortunately, due to the advances in technology and the rising demand
for telehealth solutions, conversion of OSCEs to virtual or online formats occurred quickly.
Utilizing telecommunication platforms such as Zoom, traditional face-to-face OSCE sce-
narios were adapted for online delivery. This was proven to be done successfully in other
health professions such as in a medical faculty [2]. There are many considerations before
conducting a virtual OSCE, including ensuring that both examiners and students have
the appropriate resources, including a functional device compatible with Zoom, a video
camera, audio capabilities, and a good and stable internet connection. This reduces any
potential for technological challenges that may occur during the OSCE. As this was the first
time pharmacy students and examiners were undertaking their OSCEs in a virtual format,
it was important to provide clear instructions and training on how the virtual OSCEs would
be conducted [3].

While this swift adaptation to virtual OSCEs afforded reasonable continuity of the as-
sessment, there were considerable challenges with this mode of examination that course co-
ordinators had to navigate in order to achieve the learning outcomes of these performance-
based competency assessments. In particular, it is difficult to capture the full range of
non-verbal communication skills on synchronous video conferencing media, due to audio-
visual limitations such as screen size, position of the student on screen as well as potential
poor video quality [4,5].

Poor internet connectivity further impedes the smooth process of “live interactive”
assessments. Low bandwidth connections, especially among students living in rural areas
with limited internet access, could be particularly challenging and stressful during time-
sensitive assessments such as OSCEs. There have been previous reports that poor internet
access could be a potential for concern around equity in assessments [6,7]. In a survey
conducted among 307 agricultural graduates from different universities in India, a lack of
internet connectivity was reported as the major hindrance to online learning, more acutely
affecting those from remote areas [7]. Technology and connection issues are of concern
regardless of location. In reporting the outcome of a virtual teaching OSCE (vTOSCE)
with pharmacy students at Ferris State University, the authors noted that both students as
well as faculty members experienced connectivity issues during the vTOSCE [8]. Similarly,
another study reported that many students experienced internet connectivity issues during
their first remote OSCE in the United States, thus further highlighting the global nature of
the problem [9].

Furthermore, academic integrity is also a serious cause for concern with virtual OSCEs
as non-invigilated remote assessments are subject to cheating and collusion among stu-
dents [6,10]. Many studies have shown that students in unproctored online assessments
perform better compared to those in proctored environments [11–13]. Notably, students
who undertake the OSCE at a later examination schedule may have an advantage due
to the potential for students who have completed their examination prior to share exam
information with others who have not [14]. Updike et al. (2021) reported an incident of a
possible breach of OSCE integrity in a high-stakes assessment where students could poten-
tially have taken screenshots or photos of electronically shared OSCE case materials [15].
The authors have suggested various approaches, including creating different case scenarios
and reducing administration time during examinations to limit discussions among students
and to protect the integrity of the virtual OSCEs [15].

Given these challenges, the conversion from conventional face-to-face to virtual OSCEs
requires varying degrees of modifications to the assessment format, as the former is not
entirely replicable virtually. Several papers described the functional processes of adaptation
and the changes necessitated by the online delivery. Some of these amendments include
fewer OSCE stations, conversion of interactive stations to passive stations, written stations
examinable via the institution’s Learning Management System (LMS), changes to testing
procedures using proctoring software (e.g., ExamSoft), video recording of the examination
as well as recruiting internal faculty members as simulated patients instead [1,15,16]. There
have been many innovative OSCE conversions during the pandemic, including one in the
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United States where students were “advised to recruit an adult within their residence to
be their patient” [17] (p. 247) as part of a physical examination on a simulated patient.
Evidently, many modifications were essentially driven by the logistical complexity of im-
plementing “live interactive” online assessments and their feasibility during the pandemic.

At the Faculty of Pharmacy and Pharmaceutical Sciences, Monash University, second-
year pharmacy students completed an OSCE in June 2020. This OSCE consisted of two
stations situated within the community pharmacy setting. The examination was designed
to assess students’ skills in problem solving, oral communication and empathy as a phar-
macist, using role play with a simulated patient suffering from asthma or eczema. As
with other faculties during the pandemic, the options were to either delay the OSCE until
lockdown restrictions were lifted or to continue the assessment virtually. Given that there
was a closure on international borders, shutdown of non-essential services and movement
restrictions in Melbourne, Australia [18], we decided to convert the OSCE to an online for-
mat and utilized the Zoom video conferencing platform as the medium for the assessment.
Students were then able to be assessed synchronously by examiners who also played the
role of the patients.

Whilst students had previously experienced OSCEs via face-to-face delivery in the
first year of their pharmacy degree, this was their first exposure to the online format. To
prepare faculty and students for the online format of the OSCE, training was conducted
online. Students practised and were formatively assessed on their role plays in weekly
workshops conducted over Zoom with a pharmacist facilitator. They were also provided
an OSCE overview video that showcased the process and what to expect in a virtual OSCE.
Faculty completed an online training module that consisted of the virtual OSCE process,
how to assess online and the case content.

There have been many international reports describing the experiences of undertaking
a virtual OSCE during the pandemic; however, this is an Australian study that adds to the
literature on pharmacy students’ and examiners’ experiences of their first virtual OSCE
utilizing a mixed-method study design. The aim of our study was to evaluate pharmacy
students’ and OSCE examiners’ experiences of their first virtual OSCE.

The research questions for this study were as follows:

1. What were the pharmacy students’ experience of undertaking a virtual OSCE?
2. What were the examiners’ experience of the virtual OSCEs?
3. Were there differences in experiences between the virtual OSCEs and face-to-face

OSCEs?

2. Materials and Methods
2.1. Virtual OSCE Process

The virtual OSCE process involved five steps, as summarized in Table 1 [3]. A day
prior to the OSCE, the examination times were published to the students. The published
times were given only a day prior to the OSCE to minimize any opportunities for collusion.
We also had a Zoom license that allowed for administrators to host concurrent meetings
and be dialled into multiple Zoom Meetings at the same time.

Table 1. Zoom OSCE process for each student [3].

Step Description

1 Students dial into the “Zoom OSCE Lobby” Meeting link at their allocated time
2 Technology (audio/visual) and identification checks are conducted
3 Students are sent to their “Zoom OSCE Room” for their examination
4 OSCE interaction with the examiner occurs in the Zoom OSCE Room
5 Students leave the Zoom OSCE Room at the conclusion of their OSCE

On the day of the OSCE, the students dialled into the Zoom Meeting using the link
provided to them at their published time. The Zoom Meeting was referred to as the “Zoom
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OSCE Lobby”. Once they dialled into the Zoom Meeting, they immediately appeared in a
Zoom “waiting room”. Students waited until the administrators admitted them into the
Zoom OSCE Lobby. If there were delays, the administrators communicated with those in
the waiting room using the Zoom chat function.

Once admitted into the Zoom OSCE Lobby, an administrator would check their
identifications and also test that their internet connection was stable, as well as their audio
and visual capabilities were sufficient for the examination. This was to determine if there
was obvious lag in the student’s internet connection or if there was any problem with
their audio and video. In the event that there were issues, a member of staff assisted the
student virtually to overcome the technical difficulties. The students were then given a
quick briefing of the processes for the day.

When the identification process and technical set up was completed, the students
were then sent to their Zoom OSCE Room. This was a new Zoom Meeting link where the
examiner was located. An administrator provided this Zoom Meeting link to the student
via a private chat. This administrator was dialled into the Zoom OSCE Lobby and also the
Zoom OSCE Room. This meant that once the student clicked the Zoom OSCE Room link,
the administrator was able to observe the student transporting themselves virtually to their
exam room.

Once the student arrived in the Zoom OSCE Room, they automatically appeared in
another Zoom waiting room. The students were briefed to wait patiently until the examiner
admitted them into the exam room. This often occurred either immediately or up to 5 min
post arrival. Once admitted into the Zoom OSCE Room, the examiner would ask for
their full name and student ID number to confirm that they had the correct student. The
examiner then provided a quick introduction to the exam and informed the student once
the timer began. In this OSCE, the timer was set for seven minutes and the examiner was
also simulating the patient. Marking was conducted on Qualtrics and a link was provided
to the examiners prior to the commencement of the assessment. At the end of the seven
minutes, the examiner would end the interaction and the students were asked to leave the
Zoom OSCE Room. The examiner then completed their marking and repeated the process
by admitting the next student from the Zoom waiting room.

2.2. Study Design

This study employed a mixed-method design. An online survey via Qualtrics and
semi-structured interviews were conducted.

At Monash University, after each OSCE, students complete a post-OSCE reflection
online survey where they reflect and rate their own performance. As part of this usual
online survey, additional questions were included to explore their experiences of their first
virtual OSCE for this study. These questions were developed by the course instructors
and evaluated for face validity. These questions included statements ranked using the
5-point Likert scale, as well as opportunities for open-ended comments to elaborate on
their answers pertaining to the virtual OSCE:

1. (a) I prefer virtual OSCEs compared to face-to-face OSCEs
(b) Please elaborate on the reasons for your answer

2. (a) I felt more anxious during the virtual OSCE compared to face-to-face OSCE
(b) Please elaborate on the reasons for your answer

3. (a) The virtual OSCE felt more challenging compared to a face-to-face OSCE
(b) Please elaborate on the reasons for your answer

Complete the following:

4. The best thing about the virtual OSCE is . . .
5. If I could improve something about the virtual OSCE, I would . . .
6. Please provide final comments (if any) about the virtual OSCE

As part of this online survey, students were invited to consent to a follow-up semi-
structured interview to further explore their experiences. All examiners received an invita-
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tion to participate in a semi-structured interview to discuss the benefits and disadvantages
of virtual OSCEs, as well as how they conducted the virtual OSCE as an examiner.

2.3. Data Collection and Analysis

The OSCE was conducted in June 2020. The online survey was administered to
196 second-year pharmacy students immediately after completion of their first virtual
OSCE. All students completed the survey as part of the routine quality improvement
process for the course but were required to consent to the use of their data for this study.
The quantitative online survey data were analyzed descriptively.

Students who completed the online survey were also invited to participate in a fur-
ther interview. A total of 25 students indicated that they were interested in being inter-
viewed. All 18 OSCE examiners who examined in the OSCE were invited to participate in
an interview.

All interviews were conducted via Zoom Meetings and transcribed verbatim using a
speech to text transcription service called Otter.ai. All open-ended comments in the online
survey and interviews were included in the qualitative data analysis. Qualitative data were
thematically analyzed, where open-ended comments from the online survey and interview
transcripts were read repeatedly for initial familiarization and coded. The codes were then
grouped into themes and discussed with the project team until consensus was reached.

3. Results

A total of 190 students (96.9%) completed the online survey; however, only 87.9%
(n = 167) of those who completed the online survey consented to the use of their survey data.

Ten of the 25 students who indicated their interest to be interviewed were contacted
and interviews arranged. A total of 12 examiners agreed to be interviewed.

3.1. Quantitative Data

The survey results showed that 33% of students strongly agreed or agreed that they
preferred the virtual OSCE experience to face-to-face OSCE while 44% showed no prefer-
ence to either methods. Only 20% felt more anxious compared to the face-to-face OSCE
while 12% agreed that the virtual OSCE felt more challenging (Table 2).

Table 2. Online survey results (n = 167).

Item
Strongly

Disagree/Disagree
n (%)

Neither
Agree/Disagree

n (%)

Strongly
Agree/Agree

n (%)

I prefer virtual OSCEs
compared to face-to-face

OSCEs
38 (23%) 74 (44%) 55 (33%)

I feel more anxious during
the virtual OSCE compared

to face-to-face OSCE
79 (47%) 55 (33%) 33 (20%)

The virtual OSCE felt more
challenging compared to

face-to-face OSCE
63 (38%) 84 (50%) 20 (12%)

3.2. Qualitative Themes

There were five themes that arose from the open-ended survey comments from stu-
dents and the interviews with both students and examiners. Positive aspects about virtual
OSCEs included flexibility, decreased levels of anxiety and the relevance with emerging
practice such as telehealth. Many students also indicated that they practiced with their
peers online in preparation for the virtual OSCEs. Non-verbal communication was seen to
be challenging virtually.
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3.2.1. Theme 1: Flexibility, Convenience and Comfort

One of the main themes in this study was the increased flexibility and convenience
of the virtual OSCEs. There were several students and examiners who expressed that
the opportunity to undertake the examinations at home was seen as a benefit (Table 3,
Subtheme 1.1).

Table 3. Subthemes from Theme 1 and representative quotes.

Subthemes Participant Group Representative Quotes

1.1. Benefit of virtual
OSCE at home

Students

“More flexible, less stress when at home”—Online Survey
“Well, for me, I travel, you know, if I had to come to university I would have to travel

around an hour or so. So that you know if when you take that out of the picture I get that
extra time to maybe prepare. And so that was, I really appreciated that from my
perspective. I’ve been able to save up a lot of time because I don’t have to go to

university.”—Interview Student 8
“Virtual OSCE is pretty good because it saves a lot of time like on traffic. That’s one of

the best parts.”—Interview Student 3
“Convenient, just have to show up at the allocated time without worrying about public

transport etc.”—Online Survey

Examiners

“Flexibility I suppose, flexibility in terms of the fact that again, I was able to examine
from the home, students were able to sit from their place of choosing, I was able to put in
my background a nice pharmacy environment, which may be looked a bit more realistic
than just being in a counselling suite. I think that was all a positive experience to come

out of it.”—Interview Examiner 3

1.2 Comfort Students

“I would say seamless online learning, it’s being able to conduct the OSCE in the
comfort of your own home. I think you get to have that full sleep in. For me it’s to get to
uni. It’s quite far. It’s about an hour and 40 or so minutes. So by the time I get there on

public transport, and they give you can get quite fatigued and then having to be so I
guess surrounded by friends can be a good thing . . . So I think doing it at home, you see
people briefly get to be at home, get to sleep well and then go into your OSCE. I think it’s

more comfortable in that sense.”—Interview Student 7

1.3 Convenience

Students “How easy it is to access our notes and other resources.”—Online Survey

Examiners

“Certainly, more convenience and I guess a better use of my time in that setting. I found
it very easy to be having them on the screen there. And like I’ve got two screens here. So
I think having two screens is a good advantage as opposed to just one. So having like the
rubric open on one screen, and student on the other screen, I thought worked really well.

And it was quite easy for me to do both simultaneously.”—Interview Examiner 2
“But I did set up two computers and made sure that I actually connected through

different internet connections, so that if one went down, you know . . . ”—Interview
Examiner 4

“I think that flexibility and the, I guess also the ability to really have what you need on
your screens, and I know some people have three screens. And so that perhaps as an

examiner, you may appear to sort of be able to look at a few things without distracting as
much because I guess if you’re looking at your notes, or trying to confirm something, in

person, that’s really obvious . . . ”—Interview Examiner 7

1.4 Reliance on
Technology Students

“I felt like with the technical, I understand like, it’s completely unavoidable in some cases
as well. But it just threw me off a little bit. Because then I’m like, Am I missing my

OSCE? Is the examiner waiting for me? But aside from that, it was just the whole . . . I
was pretty comfortable during the OSCE.”—Interview Student 4

“Convenient but then the internet connection was not always stable.”—Online Survey
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Table 3. Cont.

Subthemes Participant Group Representative Quotes

1.5 Flexibility Examiners

“I like the fact that, because it was conducted virtually, I have a bit of control over the
timing. If the students came in, you know, a little bit later they were flustered, I could
say you know calm down and then I can start the seven minutes. I always stuck to the
7 min allowance but it was good to have a little bit of flexibility even to say to the student

before I can you just give me a minute to catch up on my marks with the previous
students. So all in all, from my experience and I’m doing this, honestly, it was

seamless.”—Interview Examiner 1

1.6 Future practice Students

“And I definitely think we should have a combination of face to face and telehealth like
communication, because like if someone’s working, you know in the city and they have to
talk to someone who’s in a rural area. This is the best way of communication and like

we’re gonna have to deal with technology, it’s like already prominent now.”—Interview
Student 4

“Zoom OSCEs are more convenient and perhaps more comfortable for me, but I think the
face to face OSCEs can better prepare us for future practice.”—Online Survey

A student further described that they felt less fatigued due to not needing to travel to
university and that they felt that it was a better use of their time. The ability to undertake
the OSCEs in the comfort of their own home was also seen to be a preference in a number
of students (Table 3, Subtheme 1.2).

Examiners on the other hand also found it convenient conducting virtual OSCEs as
they were able to have the examination materials they require on their screens/monitors.
This is unlike a face-to-face examination where they had to either memorize the materials
or assess the student after the interaction. Additionally, they were able to have the comfort
of setting up a backup plan at home in case of technical difficulties. As with examiners and
their convenience in materials, students also expressed the convenience in their ability to
access their notes and resources from home (Table 3, Subtheme 1.3).

Nevertheless, even though students were in the comfort of their own home, technical
difficulties and challenges were still possible. One student identified that the inability to see
the physical examiner meant that they were questioning if their technology was working
before the examination while in the Zoom waiting room. Another student indicated that
even in the convenience of their home, the internet connection could still be an issue
(Table 3, Subtheme 1.4).

As OSCEs are time-sensitive assessments, where each station needs to commence at a
specific time, the examiners felt that there was flexibility in when the student commences
the interaction. Examiners had to admit the students from the Zoom waiting room and
thus had control of the assessment times to some extent (Table 3, Subtheme 1.5).

Students were not only thinking about flexibility and convenience for their own per-
sonal examinations. A couple of students were also expressing flexibility and convenience
for their future practice (Table 3, Subtheme 1.6).

3.2.2. Theme 2: Decreased Anxiety and Nerves

A number of students expressed that doing the OSCE virtually made them feel secure
as they felt that they were in a safe environment. Interestingly, they expressed that not
being able to speak to their peers or be around other nervous students helped them stay
calm and mentally prepared for the assessment (Table 4, Subtheme 2.1).
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Table 4. Subthemes from Theme 2 and representative quotes.

Subthemes Participant Group Representative Quotes

2.1 Sense of security Students

“I think it was good how, because I was at home, I was like, in a safe environment. Like
there was no one else around me that stressed me out like it was just me. So I feel like it
was less stressful than like being in a room with lots of people nervous waiting for it. Just
like I feel like you just like sit and look at everyone’s faces and you’re like, oh, like they’re
worried too. Like, should I be as worried as them kind of thing.”—Interview Student 1

“I guess the best stuff is that I don’t have to talk with my peers before and after. Talking
to them before, most of them are really nervous. And I’m kind of person to not put myself
in a nervous state. But if people keep talking too much around me, I get nervous as well.

And the best thing is after is that because after my test I don’t want to talk about it
anymore. I just want to get rid of it. And if that’s OSCE during in school, I have to talk

with my peers, Oh how did you go . . . yeah”—Interview Student 3
“I did feel anxious for the virtual OSCE however it was to a lesser extent compared to
the face to face. I think the environment of the real life OSCE makes me more anxious

whereas with the virtual one it was more calm and collected. The virtual OSCE allowed
me to mentally prepare myself without being surrounded by others”—Online Survey
“Quick and easy process. Low stress environment because there weren’t other stressed

students around.”—Online Survey

2.2 Reduced nerves

Examiners

“Well, the students mostly do struggle with communication . . . If anything, maybe
some of the students were more confident on screen than they would have a person, well
at least seems that way. And some get very nervous in person . . . . So that’s certainly a

difference.”—Interview Examiner 4
“But then I think of all the times when the poor things are so, so nervous. And what I
feel more like is that I’m seeing them suffer, whereas, I don’t know whether they were

more relaxed (virtually) or it’s just that, you know, you don’t see things like their hands
actually shaking when it’s on video . . . but I suppose you don’t get the full feel of how
they are feeling because you can’t see the whole body and you know, whether they’re

absolutely shaking literally in their boots or not.”—Interview Examiner 8
“I personally find it quite a positive experience . . . I thought it was a positive experience

for me. It was more comfortable. Like, doing the timing itself on the phone . . . When
you’re actually there physically in the OSCE is quite confronting, and quite like

everything needs to happen so quickly. Whereas, when you’re there, on your own, and
you’ve got the dual screens and you’ve got the capacity to do things. It becomes a lot

easier.”—Interview Examiner 10

Students

“But being at home, I think did help my nerves.”—Interview Student 8
“I felt not as stressed as I would in normal face to face physical environment. Um, I had

my phone with the timer on my desk as well. And I think that helped, like calm my
nerves because I was like, I’m travelling like well for time as compared to the physical
like environment where you don’t have a counter like, time. Usually the thing is the

timing is the source of stress. But because I had like, I was able to look at it this time it
was less stressful.”—Interview Student 2

“So I think for some people, and like for me, in some ways that was a bit more better
because I had time to relax in my own room. And, you know, have my own prep before,
before going into the room, and also in some way that was a bit informal, which that was
another aspect of it, but it was great like to see that whole lead up being avoided . . . So
like before, I have an assessment, or maybe I like play my music and like I’ll nibble on

something. And so I just like get myself in the zone”—Interview Student 4

“Doing the OSCE in a familiar environment encouraged me to feel more relaxed and at
ease”—Online Survey

Examiners also noticed that students appeared less nervous during the virtual OSCEs
compared to face-to-face OSCEs. Both students and examiners felt that having set up their
surroundings to be familiar to them, including setting up their own timer for the OSCE
and having their own ways of preparing themselves, helped them with their nerves; they
were less stressful (Table 4, Subtheme 2.2).
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3.2.3. Theme 3: Skill Development and Future Training for Telehealth

Many students saw this first opportunity to undertake virtual OSCEs as good training
for their future as pharmacists and with the evolving roles with the use of technology and
digital health (Table 5, Subtheme 3.1).

Table 5. Subthemes from Theme 3 and representative quotes.

Subthemes Participant Group Representative Quotes

3.1 Pharmacists in
training Students

“This is also one of the great ways to learn as a pharmacist in training”—Online Survey
“Although it was a different experience, I am glad that we were given a chance to do a
virtual OSCE as in practice, there may be cases where we have to counsel online so it

really was beneficial in preparing us for what to expect in the future”—Online Survey
“It feels appropriate to the challenges of today—having to complete telehealth

consultations”—Online Survey
“We are in a, I guess, electronic technology age where we do depend on our phones, our
laptops, the internet pretty much everything. And what I do see from the virtual OSCE
is I do see pharmacists in the future, using technology, such as this to talk to patients

who are unable to come into the pharmacy. So, maybe in a community, or maybe even in
a hospital if let’s say, like there is with coronavirus, they want to limit the amount of

people with each other. This covers how you know health professionals can get in contact
with patients.”—Interview Student 6

“I like that this is preparation for telehealth in my future career.”—Online Survey
“I think that virtual OSCEs will really help in terms of the growing telehealth which is
emerging especially in times like this with the Coronavirus and will allow me to practice

communicating with patients especially if you are not talking to them
directly.”—Online Survey

3.2 Telehealth

Students

“ . . . since like now telehealth is such a big thing. I feel like there’s benefits face to face
and by Zoom because if there are cases such like the Coronavirus, telehealth is so

important. So we would have to learn how to communicate with other people online and
still be able to give patient centred care, I guess, to the best of our abilities but just

through a different medium. And I feel like having this opportunity to actually do that,
has been really beneficial”—Interview Student 9

“Doing the OSCE virtually was a great opportunity for me to learn more about
Telehealth and it taught me how to be flexible. For example what to do if the patient can’t

hear us, how to explain certain medications without having the patient physically in
front.”—Online Survey

“Telehealth is becoming far more common in modern day pharmacy and an OSCE that
involves it would be very useful for developing online communication skills.”—Online

Survey
“In recent years telehealth has been coming especially due to the COVID-19 situation
and the future I think may be a staple of pharmacy practice. In my own country, it is

actually used pretty often. So for example, pharmacy technicians will be stationed at the
pharmacy or pharmacists can be called in from a different location. So this will allow for
more flexible workings and it’s a lot easier on the pharmacy side as well.”—Interview

Student 5

Examiners
“To prepare students for telehealth and it would be interesting actually to compare how
the students, you know conduct themselves, and you know whether they meet the same

criteria in the virtual versus non virtual world.”—Interview Examiner 1
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Table 5. Cont.

Subthemes Participant Group Representative Quotes

3.3 Hybrid OSCE for
skill development

Examiners

“If telehealth becomes like, you know, the normal for pharmacists, then that’s brilliant,
because like, I think it’s a really great way to train them . . . I think, you know, for what
we, you know, for the unprecedented sort of time that we have. The assessments were
quite good. But I wouldn’t sort of think that they would be sufficient for the future

training of other students. I think the face to face assessments are still superior. That’s
just from just because some of them clearly are having sort of trouble talking to people in
person already. And then online, that is a bit harder. So, because they are obviously quite
young and have less life experience and things like that. So I think my experience overall

with the virtual OSCEs, 100%, like I’m very happy, but in terms of helping out the
students, I think, then it might not be as sufficient sort of way of training them and

assessing them in the course overall.”—Interview Examiner 5
“I think it’s something we could certainly build into the course and it’s a good one for
like telehealth and all that kind of stuff. But I think it does take away from the fact that
you do see a real person in front of you. So I still think face to face contact is essential to
improve students’ empathy, and improve those kinds of skills.”—Interview Examiner 2

Students
“So I think it’s a great concept. And I think it’s so relevant, but I’d like a mix of face to

face.”—Interview Student 4
“A mix it would be more preferable. So maybe alternating time because sometimes there
is two OSCEs we have a period of time. So one physical one virtual, so to experience two

parts of what could be possible in the future. So something more holistic in
nature.”—Interview Student 5

They saw the pandemic to have allowed for this opportunity to keep up with practice
considering that uptake to telehealth was accelerated during COVID-19. In addition, it
was considered to be a flexible way of working in the future. Examiners’ views were also
consistent with how students viewed the future of telehealth and felt that this was a great
way to train students (Table 5, Subtheme 3.2).

Nevertheless, examiners were concerned about the training of pharmacy students
solely on the use of virtual OSCEs. They felt that a mix of both virtual and face-to-face
OSCEs would be most beneficial. Similarly, students expressed that they would ideally like
to have a combination of face-to-face and virtual OSCEs (Table 5, Subtheme 3.3).

3.2.4. Theme 4: Non-Verbal Communication a Barrier

Although there were many positives with the virtual OSCEs, both examiners and
students identified non-verbal communication as the main barrier during the OSCE. Stu-
dents expressed challenges in displaying good non-verbal skills while examiners found
difficulty evaluating these skills virtually (Table 6, Subtheme 4.1). Empathy was highlighted
as a skill that was difficult to assess virtually from an examiner’s perspective. Students
also expressed difficulty in picking up empathy cues from simulated patients (Table 6,
Subtheme 4.2).

3.2.5. Theme 5: Practice in Preparation for Virtual OSCE

Many students also said that they practised online before the virtual OSCEs to be more
familiar with the technology and also to mimic the style of assessments they were going to
undertake (Table 7).
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Table 6. Subthemes from Theme 4 and representative quotes.

Subthemes Participant Group Representative Quotes

4.1 Difficulty displaying
good non-verbal skills

Students

“When you’re doing online, like video, interviewing and things like that, it’s always harder to gauge
people’s non-verbal cues. I think in person you can kind of sense when someone’s about to start

talking, or how someone’s responding to what you’re saying. But when it’s online, I find it much
more difficult . . . . I would pick traditional OSCEs for the human interaction. Because I think it’s,

you’re better able to, I guess, show yourself and your energy and your personality and I guess
non-verbal cues and things like that in person.”—Interview Student 7

“You aren’t able to really see the bottom half, the hands, you’re only able to see the face, most of the
time so without that, non-verbal communication has been cut off. But still I feel that even though
just seeing the face, you are still able to get the information, or able to understand what you have

said . . . But, obviously it’s not perfect.”—Interview Student 5
“I don’t mind doing either as the process is still similar. However non-verbal communication may

not be delivered as readily through the computer screen.”—Online Survey

Examiners

“The face to face had a massive advantage in terms of being able to have that interpersonal you
know, non-verbal communication skills showing off and that was quite difficult to do in the virtual
OSCE. As obviously, but it’s, you know, to be expected. So it was a bit harder to . . . Yeah, just have

that interpersonal skills coming out from the students, so it (was) harder to sort of connect with
them as well. And when you’re playing the patient or you know, yeah, I thought that was the

biggest, most noticeable effect of that.”—Interview Examiner 5
“But the only thing I noticed was students were probably more reliant on resources around, because
I’m sure the visual OSCE gave them more opportunities to have everything around them and so
they were very concerned because you could see their eyes moving. In person you know they’d be

very fixated on speaking to you, whereas in the virtual ones not everyone, but sometimes there
would be looking elsewhere, and not so much, paying attention to the patient that was in front of

them.”—Interview Examiner 9

4.2 Empathy

Students

“It was harder to understand the patient, and show empathy over a computer screen”—Online
Survey

“I guess compared to being a real patient, on screen does make a patient’s emotion less easier for me
to observe. Their statement are quite straightforward though . . . . normally if we were sitting face

to each other face to face, it’s easier to observe like the, like eye contact, like through the like tiny
movement. Yeah.”—Interview Student 3

“It’s different to when you’re in person. And I guess it doesn’t tone down how empathetic you are
and I guess it just, it can’t . . . some people may come up as different if it’s in a camera or if it’s face

to face.”—Interview Student 6

Examiners

“The potential for lack of engagement that you might get, and that’s of empathy and non-verbal
communication, those sort of aspects that you probably do pick up better in person”—Interview

Examiner 4
“The fact that I did notice that some of the poorer English language students were obviously reading

off a script, which if you think about that from a real life perspective . . . Although they did look
quite formulaic, and I had one student who she seriously sounded like a robot, I thought the way in
which there was little emotion that she showed throughout the OSCE interview . . . The fact that

she was so robotic, and maybe that’s that would have been the same from a face to face OSCE but it
was clearly noticeable in the OSCE last week that was run via zoom. That formulaic nature and
just showing very little emotion to any response that I gave, which was quite, just quite, quite
concerning and disappointing, but again, I don’t know whether that same student would have

performed the same way if it was a face to face OSCE.”—Interview Examiner 3
“Trying to pick up on some of the students’ non-verbal language is maybe not quite as easy. I

probably took a very, almost digital approach in that. You know, it’s hard with cameras because
cameras can be at different points. And so you’re looking at the person, but, you know, they’re
looking at their screen rather than the camera so they don’t always look like they’re making eye

contact with you.”—Interview Examiner 8
“I was more conscious that I needed to engage the student, which is kind of strange because I think
for me, I find it quite strange because in person that happens naturally anyway because you’re in

front of a physical person whereas this is behind the screen. And so I think perhaps I was more
aware to, to be friendly and sort of use gestures and normally you can see body language really

easily in front of the person but in this case you have a screen so I was making sure that, you know,
if I was sneezing (for the case) or whatever it was and it was quite, quite obvious as

well.”—Interview Examiner 9
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Table 7. Theme 5 and representative quotes.

Participant Group Representative Quotes

Students

“Yes, so me and a few of my peers, we decided to jump on to Zoom and then
pretend that we were in the Zoom OSCEs. Not necessarily through the meeting

format, but all the breakout room formats, but more so just some general meeting.
And so we, one person would pretend to be the patient and then the other person
would be unfamiliar with what the patient was presenting with. And then we just

play it out within the seven minutes. And we take turns doing that . . . . we
decided that because the OSCE was going to be done over zoom, we would jump
over to zoom meetings and then try it out and put up our backgrounds and yeah,

test everything out, test the waters before we started.”—Interview Student 7
“Did practice on Zoom with my friend. And that helped a lot.”—Interview

Student 3
“I prepared for it a bit differently compared to the face to face OSCE that I prepared
for last year . . . as you progress through university, your strategies do change over
time. But in this case, what I did was, I did have zoom calls with my colleagues,

and we practice the OSCE with each other. And I think that really helped me
understand my tone of voice, how, how loud I should be speaking for the other

person to be able to understand through the screen. I also wrote a script, which was
sort of going which would help me organise my thoughts and the things that I’ll

see.”—Interview Student 8
“We went on a zoom call, not unlike this one. And we timed ourselves using our
phones. And we came up with scenarios . . . So yes, I’m just trying to like reenact

the environment of an OSCE”—Interview Student 2

4. Discussion

This study found that it was still feasible to conduct OSCEs virtually and both examin-
ers and students felt that this alternative assessment method had many positive aspects
compared to face-to-face OSCEs. Nevertheless, there was still a preference for traditional
methods and a desire for a hybrid version with both virtual and face-to-face OSCEs in
the future. A major benefit of virtual OSCEs felt by students was a decrease in anxiety
and nerves for the assessment. Students who were interviewed all indicated less anxiety
during virtual OSCEs, which was consistent with the survey results, where only 20% of
the students agreed that they felt more anxious during the virtual OSCEs compared to
face-to-face OSCEs. Studies in other countries also found that students were less anxious in
online OSCEs [19,20], while traditional face-to-face OSCEs have always been intimidating
and stressful [21]. The decreased stress levels expressed by the students in our study could
potentially be due to a result of being in the comfort of their home surroundings and, in
some cases, the absence of peer anxiety. However, it should be noted that a recent system-
atic review examining the relationship between OSCE-associated test anxiety and OSCE
performance found that there was little influence on student performance [22]. Another
study compared the performance of two cohorts of pharmacy students with one cohort
in 2020 that undertook the OSCE virtually during the pandemic and the second cohort
in 2019 with traditional methods [23]. The authors found that students who undertook
their OSCE virtually performed as well as those who completed it in-person via traditional
methods [23].

An emerging theme in our study was the increased flexibility of virtual OSCEs ex-
pressed by both students and examiners. The reduced travel time and the ability to
complete the OSCE from almost any location appealed strongly to all participants. Given
the situation during the pandemic whereby students were potentially located overseas
due to the closure of international borders, this flexibility to conduct the examinations
online was essential to prevent delays in students’ course progressions. A study found that
60% of their academic staff members felt that working from home was more flexible than
traditional methods during COVID-19 [24]. Flexibility to work from anywhere assisted
faculty members especially if there was a need to manage family responsibilities [25]. This
was particularly useful for faculty members with children that require home schooling
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during the pandemic. Virtual OSCEs also provided greater ease in logistical and spatial
requirements, which is often a limiting factor to face-to-face OSCEs [26]. Nevertheless, our
virtual OSCE was conducted with multiple Zoom Meetings hosted concurrently. This could
be limited if other educators decide to replicate similar methods of conducting the virtual
OSCEs as special scheduling privileges are required for administrators to host multiple
concurrent Zoom Meetings and can cost more to institutions [27].

There was also recognition of virtual OSCE by our student participants as an avenue
to develop skills in the direction of telehealth. Telehealth has been steadily redesigning the
landscape of healthcare systems since the rapid advancements and utilization of telecom-
munication media over the past two decades, which was accelerated due to the COVID-19
pandemic [28]. Originally conceptualized to overcome barriers to healthcare access, partic-
ularly geographical distance and restricted mobility [28,29], the value of telemedicine has
expanded to reduce waiting times, reduce the need for travel and time off work and greater
overall convenience compared to face-to-face medical consultation [29,30]. More recently,
telehealth models have emerged at the forefront at the outset of the COVID-19 pandemic, al-
lowing delivery of healthcare services while containing the transmission of infection [30,31].
Pharmacists have also effectively embraced telehealth to provide ongoing monitoring and
management to patients with chronic conditions during the pandemic [32,33]. The present
dynamics of global healthcare has enabled students to appreciate telehealth as the next
frontier in healthcare delivery. As one of the students stated in the interview, telehealth
could also offer flexibility in working schedules for healthcare providers, thus enhancing
their work–life balance. This reflection on the perceived benefits of telehealth beyond what
it is credited for thus far underpins the larger potentials of digital health in the near future.
Moving forward, it would be vital for faculties to consider incorporating education and
training of telehealth skills into the pharmacy curriculum by means such as virtual OSCEs
to future-proof pharmacy graduates. Future research could explore whether medical edu-
cators could utilise this form of virtual assessment for rural and remote students who are
on placements.

While the majority of examiners also viewed the virtual OSCE as a great platform
to upskill students in telehealth delivery, some were of the opinion that face-to-face inter-
action with patients is still essential for students to develop soft skills such as empathy.
The importance of empathy in patient care is unquestionable. Research indicates that
empathy has a significantly positive impact on patients’ health outcomes [34,35]. Aside
from increasing patient satisfaction and adherence, practitioner empathy also strengthens
patient enablement [35]. However, with digitization of healthcare, there is a deep concern
that interactions can become impersonal and expression of empathy is reduced [36].

As suggested by previous commentaries [4,5], it is challenging to capture non-verbal
communication skills via video conferencing tools. In a study conducted at a tertiary
hospital in Japan, comparing telemedicine consultation with face-to-face consultation
among doctors and patients, the researchers reported that affective behaviour patterns,
particularly empathy-utterances, were less evident in the telemedicine consultations [37].
Our study reinforces these views as both examiners and students mentioned difficulty
in either expressing non-verbal communication, such as cues for empathy or giving eye
contact, while examiners expressed the lack of ability to observe and assess students’ non-
verbal communication. Even though these challenges were mainly due to the limitations of
the online platforms, such as the inability to observe the full body or difficulties with audio,
making it more difficult to hear, students showed self-awareness of these challenges and a
desire to improve.

It is positive that students were able to acknowledge that providing patient care via
telehealth can be a challenge and that it requires a different set of skills than counselling a
patient in person. This was evident with our students’ motivation to practise virtually to
mimic their actual assessments over Zoom. Additionally, faculty should consider targeted
training focused on the development of virtual communication skills. Perhaps it is time
for educators to consider integrating the construct of digital empathy in the pharmacy
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curriculum [36]. To this end, both students and examiners suggested that a combination of
the traditional face-to-face and virtual OSCEs in the curriculum will be able to equip them
holistically to render good patient and pharmaceutical care.

This study has its limitations. This study was only conducted within one pharmacy
school in Melbourne, Australia. Although a high response rate was achieved, the findings
might not be generalizable to other schools or countries, depending on the program
and strategies in place to adapt during the pandemic. Nevertheless, this study adds to
the qualitative findings from both students and examiners around their experiences of
virtual OSCEs and provides insight into the potential usefulness of virtual OSCEs in future
pharmacy programs.

5. Conclusions

The need for remote online delivery of assessments saw innovative ways of undertak-
ing OSCEs. We found that the virtual OSCEs were an opportunity to mimic telehealth and
current practice. While students and examiners embraced the virtual OSCE process, face-to-
face OSCEs were still considered important and irreplaceable. This is most evident around
aspects of the development of non-verbal communication skills, which was challenging
to observe virtually. Future opportunities for OSCEs to be delivered both face-to-face and
virtually should be considered.
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Abstract: We explored the use of a video-based reflective design in preparing first-year pharmacy stu-
dents for their Objective Structured Clinical Examination (OSCE) in Victoria, Australia. This involved
pre-workshop activities (a recording of themselves simulating the pharmacist responding to a simple
primary care problem, written reflection, review of the OSCE video examples and pre-workshop
survey); workshop activities (peer feedback on videos) and post-workshop activities (summative
MCQ quiz and post-workshop survey). These activities took place three weeks before their OSCE.
A mixed-method study design was employed with quantitative and qualitative analyses of the
surveys and a focus group. A total of 137 students (77.4%) completed the pre- and post-workshop
surveys, and ten students participated in the focus group. More student participants (54%) reported
feeling prepared for the OSCE post-workshop than pre-workshop (13%). The majority (92%) agreed
that filming, watching and reflecting on their video allowed them to learn and improve on their
skills for the OSCE. The regression analysis found that video recording submissions and written
reflections correlated positively with student OSCE performances, and the video-based reflective
design learning experience was perceived to be beneficial in multiple ways. Thematic analysis of the
focus group data revealed that students acquired metacognitive skills through the self-assessment of
their video recordings, developed an awareness of their learning and were able to identify learning
strategies to prepare for their first OSCE. Fostering students’ feedback literacy could be considered in
future educational designs.

Keywords: e-learning; healthcare education; OSCE; video; reflective practice; feedback

1. Introduction

Video-based reflective design incorporates the use of technology, in this instance,
video recordings, as a medium for self-reflection and feedback. The observation of self-
performance through video recordings allows for a review of how one’s self is portrayed
and to facilitate self-directed learning [1]. Multiple studies have outlined the benefits of
improving self-evaluation and communication skills through the review of video record-
ings [2–6]. It is suggested that, when weaknesses are identified in one’s own performance
through self-evaluation, one is more likely to be motivated to consider steps to improve [7].
There is an increasing uptake in the utilisation of video recording and reviewing activities
within teaching, nursing, medical and pharmacy courses globally. It is proposed that com-
munication skills will improve in pharmacy students through the feedback and reflection
of simulated role play recordings [8]. One study observed an increase in self-perception fol-
lowing a video review of a counselling activity conducted by first-year pharmacy students
and supported the inclusion of an activity that reinforced self-evaluation [5]. The concept
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of metacognition, in which self-evaluation is an important component, continues to be ex-
plored as an important skill for pharmacy students to develop over time [9]. Metacognition
has been defined in various ways but is generally considered to be the process of reflecting
on and evaluating one’s own learning [10]. The metacognitive process of self-regulation
and reflection on knowledge and skills is important for health professional students for
self-improvement [11].

In this current study, we implemented a video-based reflective design to prepare
students for their first Objective Structured Clinical Examination (OSCE). OSCEs have
been established as an effective means of evaluating pharmacy students’ performances in a
simulated environment [12,13]. OSCEs have been used as summative assessment tasks to
assess problem-solving and communication at the Monash University Faculty of Pharmacy
and Pharmaceutical Sciences since 2011 [14]. Preparing healthcare students in terms of
developing their problem-solving and communication skills can be done in numerous
ways. These include, but are not limited to, the use of online virtual tools, video exemplars,
teaching or mock OSCEs, peer assessment and feedback [15–18]. On the other hand,
preparing students for OSCEs using teaching or mock OSCEs and instructor feedback can
be challenging due to resource constraints such as time barriers, additional staff workload
and costs [19]. Generally, students with previous OSCE experiences, whether through an
actual or mock OSCE, have experienced reduced anxiety and improved performances,
although the implementation of mock OSCEs as described is limited by the associated
costs [20].

Thus, self-directed learning and preparation for OSCEs by students themselves is
important. The study strategies identified in the literature that students themselves use to
prepare for OSCEs include practicing with other students, rehearsing routines, physical
examination courses (practical classes), class notes/logs and skills labs [20,21]. Never-
theless, students found resources for gathering knowledge such as lectures or textbooks
less helpful and spent less time studying as compared to multiple-choice question (MCQ)
tests [20]. Many OSCE preparation techniques have been reviewed to help students achieve
the optimal performance in OSCEs. These include various strategies reported that aim
to improve metacognition in students as part of the OSCE preparation process. Teaching
reflective skills and encouraging students to voluntarily practise and reflect on their clinical
skills were shown to improve OSCE scores in medical students [22]. High achievements
in pharmacy students have been linked to various metacognitive processes, including
self-efficacy and self-evaluation [23]. A peer-led mock OSCE approach is a strategy identi-
fied to reduce the costliness of OSCE preparation whilst retaining the benefit of the mock
OSCE experience [24,25]. However, peer-led mock OSCEs do not address any deficiency
in students’ self-reflective capacities [25–28] that pharmacists may carry throughout their
careers [29]. Therefore, if metacognitive skills can be incorporated as part of the pharmacy
curriculum, this may lead to the better preparation of students for high stakes assessment
tasks such as OSCEs.

The purpose of this study was to explore the use of a structured video-based reflective
design and its influence in preparing first-year pharmacy students for their first OSCE. To
our knowledge, there is limited literature linking the impact of a structured video-based
reflective design utilizing students’ own video recordings, self-reflection of those video
recordings and further reflection upon receiving peer feedback on those video recordings
within Australian pharmacy programs on OSCE performances in pharmacy students.

The most common undergraduate pharmacy degree that is offered in Australia is the
four-year Bachelor of Pharmacy (BPharm). At the Faculty of Pharmacy and Pharmaceutical
Sciences, a new pharmacy program was developed that had its first cohort of year 1 students
in 2017 [30]. One of the major distinguishing features of this new program is the whole
degree flipped classroom delivery that includes self-directed learning, interactive lectures,
weekly small group workshops and a skills coaching program that is focused on enhancing
reflective practice and metacognitive skills. The new pharmacy program places an emphasis
on skill development, including oral communication, empathy and problem-solving skills.
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Students enter the pharmacy course without the experience of a skills-based performance
exam such as the OSCEs. Therefore, providing guidance on how to undertake, and perform
well in, their first-year OSCE is essential.

A structured video-based reflective design to prepare students for their first-year
OSCE was introduced with a series of preparatory activities. These activities included
providing students with tasks that are easy to complete in their own time, with the aim to
equip them with OSCE preparation strategies that they can retain throughout their degree.
This study provides insight into how health professional schools can prepare students for
their first OSCE utilising a structured video-based reflective design.

The research questions for this study were:

(1) How did the video-based reflective design prepare students for first-year OSCEs as
perceived by the students?

(2) What is the relationship between student engagement in the video-based reflective
design activities and their OSCE performance?

2. Materials and Methods
2.1. Video-Based Reflective Design

We designed a video-based reflective design to prepare students for their first OSCE.
This included pre-workshop tasks, workshop activities and a post-workshop task.

Pre-workshop: Students completed a summative assessment worth 2% of the course
mark. There were two components to this summative assessment: (1) video recording
submission and (2) written reflection submission. For the video recording, students had
to film themselves performing a short role play interaction (5 min maximum) simulating a
pharmacist responding to one simple primary care problem with a mock patient. The eight
primary care topics included diarrhoea, threadworm, constipation, headache, tinea, hay
fever, reflux and the common cold. Students were provided with one case topic and the
corresponding script. Each student selected their own partner as the mock patient to com-
plete the task. For the written reflection, students were asked to review their recordings and,
based on their videos, respond to three structured points: reflect on their accomplishments,
identify areas for improvement and identify strategies to improve. The 2% of the course
mark was awarded as long as the student submitted both the video recording and written
reflection (summative pre-workshop video and reflection submission). The content of the video
recording and written reflection was not assessed. Although not compulsory, students
were encouraged to self-evaluate the video using the OSCE communication rubric provided
to them. Students then attended two face-to-face 50-min large class interactive lectures that
included watching a previous student’s OSCE video as examples and information on the OSCE
process. Whilst watching the video examples, students were asked to formatively assess
the performances in the videos using the OSCE communication rubric. Prior to attending
the workshop, the students were invited to complete a 1-item survey asking how prepared
they were for the OSCE (pre-workshop survey).

Workshop: Three days after the completion of the pre-workshop tasks, students at-
tended a two-hour workshop (workshop attendance). At the commencement of the workshop,
the workshop facilitator, who was also a practicing pharmacist, played two exemplar videos
to the students, with one video more ideal than the other. Students were then asked to
provide feedback on the exemplar videos using the same structure as their pre-workshop
written reflections and with using the OSCE communication rubric. The workshop facil-
itator then provided the students with feedback on the quality of their feedback on the
exemplar videos. Students were then divided into small groups of 5 to 6 students per
group and were told to use the same feedback structure in the following workshop task.
Each student then played their own recording to their peers, verbally shared their written
reflections from the pre-workshop and received peer feedback on their video. Each student
repeated this process until all the students played their own recordings.

Post-workshop: After completion of the workshop, students were invited to complete
a 4-item survey evaluating how helpful the workshop was and how prepared they felt for
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the OSCEs (post-workshop survey). Students then had one week to complete a summative
multiple-choice question (MCQ) quiz on the eight primary care topics. This was a content
knowledge quiz with 20 MCQs with a 60-min time limit. Students could attempt this
twice, with the final attempt counting towards their course mark and worth 8% (summative
post-workshop MCQ quiz mark).

2.2. Study Design and Participants

This was a mixed-method study design where we triangulated both quantitative
with qualitative analyses to answer our research questions. Participants in this study
were first-year pharmacy students at Monash University Australia in 2017. A total of
177 students were invited to complete the pre- and post-workshop surveys. The same
177 students were invited to participate in the focus group. The study was approved by the
Monash University Human Research Ethics Committee. As part of the standard quality
improvement processes for the pharmacy degree and consistent with the Student Privacy
Collection Statement, student performance data were collected and deidentified.

2.2.1. Pre- and Post-Workshop Survey

Students were invited to complete a 1-item perception survey about OSCE prepared-
ness before the workshop commenced. Following the workshop, students were invited
to complete a 4-item perception survey about the usefulness of the workshop activities.
Specifically, these items were used to determine whether students self-recording and re-
flecting on their performance helped students learn and improve their skills for the OSCEs
and, secondly, whether reviewing recordings of other students helped students learn and
improve their skills for the OSCEs. Student perceptions on OSCE preparedness were also
recorded at the completion of the workshop. Data were collected using a self-administered
online survey based on the objectives of the research. This survey was conducted on the
learning management system Moodle. Data were analysed using descriptive analysis
(percentage agreement with each survey item).

Three regression analyses were performed to determine whether correlations existed
between the students’ OSCE performances and various video-based reflective design activities.

These analyses were completed with the three dependent variables:

(1) OSCE communication mark—graded using an OSCE communication rubric and as-
sesses skills;

(2) OSCE analytical checklist mark—graded using a checklist that assesses clinical points;
(3) Overall OSCE mark—total mark combining both communication and analytical check-

list marks.

For each analysis, the independent variables were summative pre-workshop video and
reflection submission, workshop attendance and summative post-workshop MCQ quiz mark (as
described in Section 2.1). Statistical significance was defined when p < 0.05. All statistical
analyses were conducted using SPSS Version 23 (IBM Corporation, Armonk, NY, USA).

2.2.2. Focus Group

Ten students (seven female, three male) who had completed both the pre- and post-
workshop surveys and their first-year OSCE volunteered to participate in an hour-long
focus group facilitated by two researchers (T.V. and N.K.). These two researchers were not
part of the students’ direct teaching staff. As the students completed the same activity in
their first year, their shared experience was conducive to facilitating an interactive reflection
of their first-year OSCE preparation, which is essential for using the focus group data
collection method [31]. To minimise bias due to potential pre-existing relationships among
the student participants, a number of strategies were employed. Firstly, the students were
briefed on the aims and the format of the focus group and were invited to participate
in and cocreate a safe and nonjudgmental environment to share individual ideas about
their experiences. Secondly, to ensure all students had the opportunity to share their per-
sonal perspectives, the students were asked to complete a list of individual brainstorming
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tasks before taking turns responding to open-ended questions prepared in advance by
the researcher facilitators. Students were regularly prompted with “How?” and “Why?”
questions to explain their own answers. Thirdly, students were frequently encouraged
during the focus group to agree, disagree and elaborate on each other’s ideas.

The focus group was audio-recorded with the student participants’ consent. The audio
recording was transcribed and deidentified. Focus group data as password-protected files
were only accessible by the researchers. Two researchers (T.V. and N.K.) analysed the data
together using thematic analysis [32] to answer the research question: How did the video-
based reflective design prepare students for the OSCEs? The data was categorised according
to the main components of the activity: (1) filming, watching and reflecting on their own
role play video using a structured approach; (2) watching and evaluating example videos
of student OSCE performances and (3) watching and evaluating example videos of student
OSCE performances. Following this structure, a mutually agreed codebook was developed.
Given the relatively small amount of qualitative data, the coding was conducted using a
shared Google Doc, Google Sheet and extensive discussions between the two coders. The
codes and the individually induced themes were thoroughly discussed, moderated and
triangulated by the two coders to reach a consensus on the final themes [31,33]. The codes
from the focus group data analysis are explained in Sections 3.1.1–3.1.3. Two emerging
themes related to students acquiring metacognitive knowledge through self-reflection and
feedback literacy are discussed in Section 4.

3. Results

A total of 137 students completed the pre- and post-workshop surveys (77.4%). Student
performance and engagement data were collected from all 177 students. A total of ten
students participated in the focus group.

3.1. How Did the Video-Based Reflective Design Prepare Students for the First Year OSCEs as
Perceived by the Students?

This section presents the research findings in response to the first research question.
The data from both the pre- and post-workshop survey results and focus group showed
that the student participants felt more prepared for the first-year OSCE after the workshop
and reportedly benefited from all the three components of the video-based design: the
video recording, watching and reflecting on their own or their peers’ role play videos
(Table 1). When students were engaged in the activity and adopted a structured approach
to reflect on their own video and their peers’ videos, the learning experience was perceived
to be beneficial in multiple ways that will be explained below. These research findings shed
light on two interrelated emerging themes (discussed in Section 4) about the acquisition of
metacognitive knowledge through self-reflection and feedback literacy that are essential to
this activity.

Table 1. Pre- and post-workshop survey results (n = 137).

Survey Item Strongly
Disagree/Disagree Neutral Strongly

Agree/Agree

Pre-workshop I currently feel prepared for the OSCEs 36% 51% 13%

Post-workshop

After the workshop, I feel prepared for the OSCEs 7% 39% 54%

Watching student OSCE video examples helped me
prepare for the OSCE 5% 9% 86%

Filming, watching and reflecting on my role play
video allowed me to learn and improve on my

skills for the OSCE
4% 4% 92%

Reviewing and providing feedback on my peers’
role play videos allowed me to learn and improve

on my skills for the OSCE
9% 4% 87%
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Overall, a greater proportion of student participants (54%) who completed the survey
reported feeling prepared for the OSCEs after the workshop compared to only 13% before
the workshop.

To shed light on what specifically students found useful about these activities in
helping them prepare for the OSCE, the focus group data showed that all the activities
contributed to enhancing students’ awareness of their own areas for improvement and
their ability to reflect and provide feedback on an OSCE performance, which helped them
feel more able to self-regulate their learning and practice of their skills.

3.1.1. Filming, Watching and Reflecting on Their Own Role Play Video Using a
Structured Approach

In this activity, students filmed, watched and reflected on their own role play video
with their own selected mock patient using the provided OSCE communication rubric and a
structured approach. There was a strong consensus among the focus group students that
this activity was “very helpful” (Student 5) for several reasons.

Most importantly, students reported that they became more self-aware of the areas
to improve in communication skills and that they were able to draw on their gained
self-awareness to regulate their own practice for the OSCE. For example, some students
explained that they were able to observe their own performances objectively and become
cognizant of specific behaviours that might affect their communication:

“On the video I saw I was fidgeting a lot; moving around in my chair. So that was
a good way to find out how to improve yourself.” (Student 7)

“I also thought videoing ourselves was really valuable . . . I watched mine many times, I
was like, That’s another thing I can pick up, that’s another thing I shouldn’t be doing.”
(Student 2)

“I felt that was pretty good because you could actually see the mistakes you did throughout
the actual video.” (Student 5)

A student reportedly utilised this new knowledge of their own performance to inform
their preparation for the OSCE:

“ . . . we were able to come to terms with where we were at the moment and we still had a
few weeks until the OSCE to improve upon that for the OSCE.” (Student 3)

In addition, the students also found filming their role play videos helpful because the
activity prompted them to practice and learn through practice. For instance, one student
said that, by working on the role play counselling video, they practised “how to actually
communicate to each other, how to set a structure as to how we go about collecting information and
giving out information about medication”. (Student 2). Another student contended that, by
working with other students to film the video, they could “pick up” good strategies from
their peers and “incorporate” those into their own counselling (Student 8).

Furthermore, by reflecting on their own video using the provided structured approach
with the OSCE communication rubric, the student reported the benefit of interacting with
the rubric to be used in the exam and became more aware of “what we’re looking for” in
terms of evaluating their own performance and “what we should aim towards” in terms of
preparing for their future OSCE performances (Student 9). The gained awareness was then
used to “guide” their own practices for the OSCE (Student 9).

3.1.2. Watching and Evaluating Example Videos of Student OSCE Performances

In this activity, students attended two interactive lectures where they were shown
examples of past videos of student performances in the OSCEs and were instructed to use
the OSCE communication rubric to evaluate the example performances. There was a strong
agreement in the group that the knowledge gained from this activity “demystified the whole
OSCE process” and provided them with a perspective of what worked and what could go
wrong in an OSCE performance.
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The students reflected that, because they had no prior experience with OSCEs, the
opportunity to “go through the exemplars . . . what not to do and what to do” was “really
invaluable” (Student 4). Without this instruction, the students felt that they would have
felt “blank” during in the actual exam (Student 6) and their performances could have
been negatively affected because their first OSCE could be “an overwhelming experience”
(Student 5).

The perspectives gained from various video examples were also reportedly helpful for
students’ self-reflection and sense of confidence. For example, one student commented:

“My favorite part was when they used to show us videos of a really bad OSCE and really
good OSCE. They seem really obvious and people laugh at them, as if you would do
an OSCE that bad, but sometimes you can see something in yourself that you’re
doing in that video, or it’s a bit of confidence. At least I’m not doing that. They were
really good, those videos.” (Student 3)

Students suggested that the activity could be improved with the use of an audience
engagement tool like Poll Everywhere to encourage more students to provide feedback
and/or to ask for clarification. Another recommendation that some students shared was to
make the example videos used in the lecture accessible afterwards for reviewing.

3.1.3. Reviewing and Providing Feedback on Peer’s Role Play Videos

In this activity, students participated in a workshop where they worked in small
groups and provided peer feedback on one another’s videos that they had submitted in
the previous activity. The most common view among the focus group participants was
that, when students were engaged in sharing their own videos and providing structured
feedback, they benefited from gaining more awareness of what they could improve and
what they could learn from their peers. The students believed that this practice was help-
ful for both the short-term OSCE preparation and their development of professionalism
in the long run. However, a few students found this activity not as helpful when they or
their peers were hesitant to participate or when they perceived the provided feedback from
peers was too general.

What the focus group students found most helpful about the peer feedback activity
was the various perspectives about how they could improve their performance. For
instance, one student reflected positively on the variety and objectivity of the feedback
received from the students randomly allocated to their workshop group, which could be
different from the feedback they usually received from their friends:

“ . . . we were a group of six, so you get more opinions . . . my friends focus more
on the content, but . . . they [other students in the workshop group] focus more on the
other aspects of communication, like non-verbal, what you could do to improve your
performance . . . I personally felt it was good because I was given different opinions
from six different people that I don’t really talk to . . . Their objective views were
really nice because when I ask my friends about it [my OSCE video] they’re like, Oh,
that sounds great. When you ask someone else they’re more like, You need to fix this, you
need to fix that, and I was like, Okay, I shall do that next time round. So personally I
liked it.” (Student 9)

Similarly, another student acknowledged that the peer feedback helped them un-
derstand their strengths and weaknesses better so that they could prepare for their
OSCE performance:

“ . . . in my opinion, if you kept the video to yourself you wouldn’t be able to understand
what you did wrong. Whereas, my friend [student in the workshop group] told me what
I needed to work on as well as what I needed to fix up. That then gave me a good
understanding of what I actually did well.” (Student 7)

Nevertheless, a minority of students held a different view that peer feedback group
activity might not be helpful when the feedback they received from their peers was not
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specific enough. One student contended that “showing that [the video] to someone else and
having them say, Ah, you didn’t really do a great job, is not helpful for me” (Student 3). In
this case, the workshop group appeared not to follow the structured approach using the
OSCE communication rubric to provide feedback as instructed. Another hindrance to the
usefulness of the workshop activity was that the students declined to show their own
videos to the group or were reluctant to provide peer feedback. The same student who
did not find peer feedback helpful admitted refusing to show their own video because they
“felt like they had a long way to go” and “having to show that to a peer, I just think it’s embarrassing”
(Student 3). Another student observed that their group was “reluctant to talk” and “reluctant
to give feedback” (Student 9). The obstacle to really benefiting from this activity seemed to
relate to the sense of safety students have in terms of receiving and providing feedback in
a group setting and, potentially, their level of feedback literacy.

Whilst exposing one’s own potential weaknesses and receiving feedback can be “daunt-
ing” to students, the skill was believed to benefit the students’ long-term growth in pro-
fessionalism. One student reflected that it was important to develop this skill as part of
their professionalism:

“Initially it’s very daunting and to present [one’s own video] in front of other people is
even more daunting. I think from a professional standpoint, it’s a skill that you have to
develop because you’re going to get feedback from people you do not want to get feedback
from anyways.” (Student 5)

Moreover, some students acknowledged that providing peer feedback and observing
others’ performances was a useful learning experience in which they transferred their
feedback of other performances to what they could improve in their own performance:

“I was able to see their OSCE videos as well, so I was able to see . . . what they did in
their video and I was like, Oh, okay, so I need to do that . . . Or how to phrase some words
when counseling patients, so that was nice.” (Student 9)

“ . . . by looking at other people’s videos we could see, Okay, they did that, I want to do
that. Or They didn’t do that, I would have put that in my video.” (Student 10)

In summary, according to most of the student participants in both the survey and focus
groups, the video-based reflective design was useful in preparing students for their first
OSCE. When students were engaged in the activity and adopted the structured approach
with the OSCE communication rubric to reflect on their own video and others’ videos, the
learning experience was perceived to be beneficial in multiple ways. Filming the video
prompted students to practise what they had learnt during the course. Reflecting on
their own performance and others’ using the OSCE communication rubric helped enhance
the awareness of their own and others’ strengths and gaps in skills that informed their
regulation of practising the skills to prepare for the OSCE. Providing peer feedback helped
students learn from each other and potentially nurtured the necessary mindset and skill
to receive feedback as part of their professionalism. From the focus group data, what
appeared to be important influencing factors for the students to gain these benefits could
be their sense of safety and ability in dealing with the discomfort of letting others see
and evaluate their (perceived) “imperfect” performances, as well as their feedback literacy,
particularly the ability to provide effective specific feedback to their peers.

3.2. What Is the Relationship between Student Engagement in the Video-Based Reflective Design
Activities and Their OSCE Performance?

Multiple linear regression analyses found significant effects of the teaching activities
on the overall OSCE mark (F3136 = 4.110, p < 0.05), OSCE communication mark (F3136 = 4.024,
p < 0.05) and the OSCE analytical checklist mark (F3136 = 3.312, p < 0.05). The summative
pre-workshop video and reflection submission were the only significant predictors of the overall
OSCE mark (p = 0.001), OSCE communication mark (p = 0.001) and OSCE analytical checklist
mark (p = 0.007) (Table 2). This indicates that students that created a video and submitted a
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reflection performed better in the OSCEs, both from the perspective of communication and
achieved scores on the OSCE analytical checklist, than students that did not.

Table 2. Multiple regression of OSCE teaching activities (independent variables) and OSCE perfor-
mance (dependent variables).

Independent Variables Overall OSCE
Mark

OSCE
Communication Mark

OSCE Analytical
Checklist Mark

Std. B p Std. B p Std. B p

Summative pre-workshop
video and reflection

submission
0.284 0.001 0.306 0.001 0.239 0.007

Workshop attendance 0.088 0.294 0.096 0.253 0.048 0.566

Summative post-workshop
MCQ quiz mark −0.011 0.894 −0.049 0.573 0.060 0.488

4. Discussion

This study offers several findings on the use of video-based reflective designs in
preparing students for their first Objective Structured Clinical Examinations (OSCEs) in
pharmacy education. It is an innovative structured video-based reflective design incorpo-
rating video recordings, self-assessment and exemplar videos with peer feedback, and this
study linked the impact of this design on pharmacy students’ first OSCE performance. This
study found that more students perceived that they felt more prepared for their OSCE after
the workshop compared to pre-workshop. It was found that the students’ perceptions of
their preparedness for the OSCEs drastically improved from 13 to 54% after participating in
the workshop. Although 39% of student participants did not feel either way, most students
(92%) agreed or strongly agreed that the process of filming, watching and reflecting on
their role play videos allowed them to learn and improve on their skills for their OSCE.
These findings are consistent with a previous study, albeit it was conducted on fourth-year
pharmacy students, where video reviews of their simulated role plays were shown to be
beneficial in facilitating awareness of their nonverbal communication [4]. This was further
substantiated by the qualitative data in our study demonstrating that the video-based
reflective design activities stimulated students’ ability to identify their strengths and ar-
eas for improvement in their communication skills to consider the learning strategies for
further improvement. They found the feedback received and given to their peers useful
for their own learning and preparation for their OSCE. Importantly, our findings demon-
strated better performances in the OSCEs by students who undertook the video-based
reflective design activities, as evidenced by a regression analysis. A similar outcome was
observed in a study with nursing students that found students were more satisfied with
their learning and noticed a significant positive impact on summative grades for students
who participated in the video-based self-assessment [3].

Our study provided empirical findings around the usefulness of the video-based reflec-
tive design as part of the wider programmatic approach in developing metacognitive skills
amongst pharmacy students. Metacognition helps the individual be more aware of and
control their thinking processes. Classically described metacognition frameworks involve
two components of metacognition: knowledge of cognition (metacognitive knowledge) and
regulation of cognition (metacognitive regulation). This study integrated metacognitive
development into the undergraduate curriculum through a video-based reflective design
to prepare first-year pharmacy students for their first OSCE.

The students acquired metacognitive knowledge through self-reflection, especially
among their peers in a classroom setting, providing learners the opportunity to develop
these soft skills through the self-identification of gaps to be filled. The learning strategies
of peer assessment and self-reflection have been demonstrated to quicken the process
of the development of metacognitive skills among learners [34,35]. This is because a
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peer assessment often leverages on social pressure associated with learners not wanting
to lose face in front of their peers. Learners are motivated to focus on the processes of
self-reflection and self-regulation to avoid the embarrassment of having their colleagues
openly identify the probable gaps in their learning among their peers [31]. Students were
further able to identify the strengths and weaknesses in relation to their OSCE preparations
when working with peers. This provided students with more robust knowledge and more
accurate self-assessments of their abilities. Furthermore, engaging students in discussions
around their self-recorded videos allowed students to compare their own performances
against their peers, as well as reflect on improving their own skills. Students were also able
to practice providing and receiving constructive feedback, which is an important quality
that is necessary for ongoing development [36].

The video-based reflective design learning activity also created opportunities for
learners to regulate their acquired metacognitive knowledge. Students reviewed their
performance of the task and understood how the performance would be assessed. The
activity enabled students to use the OSCE communication rubric to guide them toward
the goals from practice and provided guidance on how to achieve these goals. Through
this reflective practice of evaluation, metacognitive knowledge is built and refined, which
implicates a feedback loop where new and better knowledge is used for the regulation of
cognition, for example, resulting in better planning in the future.

In this paper, we explored how a video-based reflective design prepared students for
their first OSCE. We found further evidence on how incorporating feedback literacy in edu-
cational design as part of the video-based reflective design could benefit student learning.
Feedback could be understood as “a process through which learners make sense of informa-
tion from various sources and use it to enhance their work or learning strategies” [37] (p. 1315).
Students’ feedback literacy, which is fundamental to their learning and in their future
work as a pharmacist, consists of four main dimensions: “appreciating feedback; making
judgments; managing affect; and taking action” [37] (p. 1316). Our study showed that students’
learning was enhanced through the process of providing and receiving feedback, and they
appreciated this ability as part of their long-term development in professionalism. The two
activities, peer feedback and analysing video exemplars, in our design, were recognised
as activities that facilitated their development in feedback literacy. We also found that
students’ sense of safety and comfort in their peer group impacted their willingness to share
their imperfect video recordings. Additionally, their perceived skill to provide actionable
feedback influenced the quality and outcome of the learning experience. Previous literature
has also described how a student is less likely to participate in providing peer feedback due
to a lack of confidence in the task [38]. Therefore, we highly recommend including learning
materials and activities to help students develop a positive mindset about receiving and
giving feedback and the ability to “manage affect” feedback, as well as the skill to provide
effective feedback at the outset of these activities [37] (p. 1316).

The results from the multiple regression analysis showed that there was no correlation
between the summative post-workshop MCQ quiz mark and student performance in any
aspects of the OSCE. It may have been expected to see a correlation between the summative
post-workshop MCQ quiz mark and the OSCE analytical checklist mark, considering both were
summative assessments based on students’ content knowledge. However, the MCQ quiz
tested the ability of students to remember and understand material related to the OSCEs,
as opposed to the OSCE analytical checklist, which was designed to assess the ability of
students to analyse information in, and apply knowledge to, a clinical case. It has been
previously shown that pharmacy students perform differently on assessments that focus
on recall compared with the application or analysis of information [39,40].

Despite there being no correlation between workshop attendance having an impact on
the overall OSCE mark, the findings of the focus group discussion suggested otherwise.
The majority of the focus group students expressed that the workshop activity provided
multiple learning opportunities not only from watching other student videos but also from
receiving and providing constructive feedback. This entire process allowed each student
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to critique their own performance and identify areas of improvement so as to assist in the
preparation for their first OSCE. The results of the multiple regression analysis regarding
attendance may be explained by the minority of focus group students who considered
the workshop activity as unhelpful. Students found the workshop unhelpful when other
students were unwilling to share their own videos or received nonspecific feedback with
no indication of how to improve their performance. Thus, it is important for educators to
create a safe environment during the learning activity so that students feel safe to share
their self-recorded videos and feel confident in providing and receiving feedback.

A strength of this study was the focus on one approach, the video-based reflective
design as part of a programmatic approach to developing the core skills and knowledge
for the OSCE. However, it is important to acknowledge that skill development can be
influenced by a number of factors, including engagement in other activities within the
program, workplace experiences and prior exposure to patient care activities. Future
research should evaluate the program’s instructional design model as a whole in preparing
students for the OSCE. A limitation of this research was that there was no guarantee that
the peer feedback provided was constructive or helpful to students, as the quality of the
feedback was not assessed. Nevertheless, there was an instructor present, but this instructor
may not have provided oversight of every student. Additionally, the focus group consisted
of 10 students in the cohort, and thus, the results may not be generalisable to the majority
of students.

5. Conclusions

The video-based reflective design used in this study was found to be useful in the
development of metacognitive skills, with video recordings and reflective tasks positively
correlating with the OSCE performance outcomes. The video-based reflective practice
helped enhance students’ awareness of their learning and stimulated them to consider
various learning strategies according to their own learning needs to prepare for their first
OSCE. Educators may also consider students’ feedback literacy in their educational design
to further encourage student confidence in giving peer feedback so that a positive overall
learning experience can be achieved.
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Abstract: Background: E-learning is an important adjunct used for teaching clinical skills in medicine
dentistry. This study evaluated and compared the effectiveness of e-learning resources as an addi-
tional teaching aid to traditional teaching methods in male and female students and based on CGPA
scores in a pre-clinical operative skill course. Methods: A randomized control trial was conducted
in the College of Dentistry, Jouf University, to assess the impact of e-learning resources in learning
clinical skills in a pre-clinical operative dentistry course. Fifty second-year dental students were
randomly divided into two groups, with 25 students each. Group A (control group) was taught using
traditional teaching methods, and Group B (intervention group) used e-learning resources along with
traditional methods. Both groups were assessed using objective structured clinical examinations
(OSCEs). Standardized forms prepared by faculty members were used to assess the students. The stu-
dents also filled in a questionnaire afterwards to provide feedback regarding the e-learning resources.
Results: The difference between both groups was statistically significant (p < 0.05). Female students
performed better in three OSCE stations out of six. Furthermore, the students positively responded to
the use of additional resources. Conclusion: The use of e-learning resources in pre-clinical operative
dentistry courses can be a useful adjunct to traditional teaching methods and can result in better
learning of dental pre-clinical operative skills.

Keywords: operative pre-clinical; competency-based education; e-learning

1. Introduction

There has been a paradigm shift in medical education in the last decade, with the incor-
poration of e-learning resources in teaching and learning [1,2]. E-learning entails teaching
with the aid of electronic resources. Traditional teaching involves classroom teaching that
includes monitoring. With the increasing use of computers and the Internet, e-learning
has become common. The Bandura social learning theory emphasizes the dynamics of
the learning process, particularly for self-confidence and learning from observation of
one’s own or others’ failures and the success resulting from the acquisition of new abilities.
Listening to podcasts, learning from viewing videos, and others are all part of the Bandura
social learning concept [3]. Dental education is also undergoing a paradigm shift in learning
where various dentistry fields are witnessing innovation in teaching and learning methods.
Using e-learning resources has positively impacted students in terms of understanding
the basic concepts of dentistry and their application in clinical scenarios [4]. However,
students view e-learning as a helpful supplement to traditional teaching methods rather
than a replacement for traditional teaching methods [5].

The outcome of systematic studies on selection techniques in medical education backed
up the idea that past academic achievement is a predictor of success [6]. Even though
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overall cumulative grade point averages (CGPA) and CGPA in science are the strongest
indicators of success in dentistry schools, these may not always represent a dental student’s
success in terms of clinical performance on regional tests [7].

As more importance is assigned to the impact of gender in academic achievement,
research in this area is becoming more vital. As far as theoretical and practical examinations
in dentistry are concerned, data show that female medical students perform better than
their male classmates [8,9]. The study by Nuzhat et al. [10] in Saudi Arabia found gender-
based differences in learning style preferences and the corresponding consequences on
medical students’ academic performance. This study emphasized that females have more
diverse preferences than male students [10]. Furthermore, female Jordanian dental students
surpass males in dentistry courses, according to the reports of Sawair [11].

Clinical competency is an individual’s ability to work independently and without
supervision in clinical practice. The ultimate objective of competency-based education is
to enable dental students to be competent enough in the management of dental diseases.
Therefore, the dental faculty must assess the same before students move from pre-clinical
simulation to clinical courses. This process involves a series of progressive stages that
begin with theory, then move toward pre-clinical simulation, and end at the clinical stage.
Pre-clinical simulation courses provide a safe environment for students for learning clinical
skills before moving on to the clinical stage [12]. Simulation labs provide an opportunity
for the students to learn such skills. Operative dentistry is an extensive subject. It requires
learning clinical skills, which begins from the second year of a Bachelor of Dental and
Oral Surgery program (BDS). Operative dentistry skill is one of the basic skill courses in
the undergraduate dental curriculum. It covers important topics, including knowledge
about dental materials and their clinical application, various infection control measures
for the dental unit, and the use of equipment related to operative dentistry. Students are
expected to be competent in the skills mentioned above at the end of the course. It provides
an opportunity to learn the basic skills of operative dentistry in pre-clinical simulation
labs before proceeding to clinical courses. The objective structured clinical examination
(OSCE) is an efficient method of assessing students’ clinical competency and skills [13]. It is
used routinely in dentistry for student assessment [14]. Studies have shown that students
feel less confident about the skills they learn using traditional, didactic teaching methods,
and this makes learning difficult [15]. An opportunity to start learning about teledentistry
and virtual patient management is provided during the COVID 19 epidemic [16]. Blended
learning, which involves traditional teaching along with electronic resources, has shown
that it can transform traditional teaching experiences into technology-enhanced learning
ones, which students today find beneficial [17]. Haptic technology, such as robotics, is also
gaining traction, since it allows for two-way communication between the user and the
environment, allowing for a more accurate simulation of the clinical setting for learning
reasons. Current literature lacked information about use of e-learning tools as a additional
teaching aid for the pre-clinical operative skills of dentistry.

This study aimed at:

1. Evaluating and comparing the effectiveness of e-learning resources as an additional
teaching aid to traditional teaching methods in male and female students as well as
based on the CGPA scores in a pre-clinical operative skill course.

2. Correlating the effectiveness of e-learning resources with CGPA scores of dental students.

2. Materials and Methods

This randomized control trial (Figure 1) was conducted at College of Dentistry, Jouf
University, KSA, from 15 January to 28 February 2021. Ethical approval was obtained
by the Local Committee of Bioethics, Jouf University. The study sample comprised all
second-year dental students of the 2020–2021 Bachelor of Oral and Dental Surgery program
who consented (n = 50) to the census technique. This is a method where all members of
a population are analyzed. Students who did not volunteer were excluded. Recruitment
was conducted by announcements through e-mail. Informed consent was obtained from
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students. They were randomly distributed into two groups: control and intervention.
Randomization was undertaken using a computer-generated random number for the roll
numbers as per their attendance list (Figure 1).
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The skill lab was scheduled as per the calendar of the curriculum for teaching the
operative dentistry skills using the traditional method. The traditional method included the
demonstration of matrix band placement, dental dam application, application of retraction
cord, mixing of glass ionomer restorative material, operator positioning for specific tooth
and disinfection of dental unit using a simulation process. The intervention group (Group B)
received an e-learning resource in the form of audiovisual aids such as videos in addition to
traditional demonstration methods whereas the control group (Group A) were taught by the
traditional demonstration method only. The e-learning resources comprised educational
videos of the same skill procedures which were already taught employing traditional
methods. These resources were selected by other faculty members of the department
of operative dentistry who were not involved in the study process. The total duration
of the videos was around 24 min. The videos were shared only with the intervention
group (Group B) through the institutional e-learning app called Blackboard®, with statistics
tracking enabled to confirm that students viewed this video for the minimum number of
five views at their convenience. According to the statistics, a reminder email was issued to
students who had not watched the videos. At the end of the videos, a quiz was administered
to assess their understanding by using the adaptive release feature of Blackboard in which
a student can take up the quiz if and only upon they had completed the minimum number
of views. After 1 week, both the groups were assessed using OSCE (Figure 2), the standard
method followed in College of Dentistry, Jouf University. For the examiners, the students
of both groups were anonymized. To maintain a high level of objectivity, it was ensured
that the examiners were not familiar with the students from previous academic courses.
The students were assessed by two examiners to maintain inter-examiner reliability using
checklists for each station. The average score of the two examiners was considered the
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score for that station. It was ensured that the examiners did not share the results. The
average scores for each station were calculated, which did not contribute to the real grades
of the students, as these OSCE exams were conducted during revision sessions before
summative exams.
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Thereafter, feedback was obtained using a Likert scale rating (1—strongly agree to
5—strongly disagree) from the students regarding the importance of e-learning resources.
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The CGPA of all the students were categorized into three categories: low CGPA (<3),
average CGPA (3–4), high CGPA (>4). The CGPA scores and gender information were used
as dependent variables; OSCE scores were used as the outcome variable. The data were
entered in Microsoft Excel and statistics were performed using Statistical Package for the
Social Sciences (SPSS) IBM Corp. released 2017, version 25.0 Armonk, NY, USA. Results
were presented as mean values with standard deviation. The test of significance for mean
OSCE scores between the two groups and gender was assessed using Student’s t-test. One
way ANOVA was used to assess the test of significance for mean OSCE scores in 3 different
CGPA groups. The mean OSCE scores of the two groups were compared using Student’s
t-test, and mean CGPA scores (low, average, and high) were compared using the ANOVA
test. Pearson correlation test was used to correlate the OSCE scores with CGPA scores. The
p-value of <0.05 was considered statistically significant, with 95% confidence intervals.

3. Results

Fifty second-year BDS students participated in the study: 33 male and 17 female
students. Twenty-five students were allocated to each group, with 18 male and 7 female
students in Group A and 15 male and 10 female students in Group B. This unequal distribu-
tion was due to randomization. The average score for all the students in both groups was
40.22, with a standard deviation of 4.46. The cumulative grade point average (CGPA) of
the students in each group was considered. An independent-sample t-test was conducted
to evaluate the homogeneity of the CGPA scores in both groups. There was no significant
difference in the CGPA scores for Group A (M = 3.9, SD = 0.68) and Group B (M = 3.8,
SD = 0.25), p = 0.24 (Table 1). These results suggest that both the groups were homogenous
and identical concerning CGPA.

Table 1. Comparison of OSCE station scores with respect to Group A and Group B.

Group n Mean Std. Deviation Std. Error Mean F Value p Value

Station#1
A 25 6.480 1.045 0.209

0.763 0.067 *
B 25 7.000 0.912 0.182

Station#2
A 25 6.200 0.500 0.100

3.903 0.000 *
B 25 7.000 0.866 0.173

Station#3
A 25 6.240 0.925 0.185

0.480 0.002 *
B 25 7.040 0.840 0.168

Station#4
A 25 6.480 0.822 0.164

0.071 0.025 *
B 25 7.040 0.888 0.177

Station#5
A 25 6.280 0.791 0.158

1.186 0.000 *
B 25 7.280 0.936 0.187

Station#6
A 25 6.320 0.627 0.125

2.790 0.002 *
B 25 7.080 0.996 0.199

CGPA
A 25 3.926 0.684 0.136

28.98 0.245
B 25 3.834 0.255 0.051

* Statistically significant (p < 0.05).

Table 1 shows the performance of students of each group at each of the six OSCE
stations. All students passed, with the cut-off score set at 60%. Group B performed better at
each station compared to Group A. For all six stations, the average score of the intervention
group was higher than the control group. The female students performed significantly
better at stations one, three, and five compared to the male students (Table 2), whereas
there was no significant difference in the performance of male and female students at other
stations. The three categories of students which were made based on CGPA (low, average
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and high) showed a significant difference in performance across all OSCE stations when
one-way ANOVA was conducted (Table 3). This result also supports our hypothesis that
students with better CGPA perform better in terms of skills.

Table 2. Comparison of OSCE station scores with respect to gender (male and female).

Gender n Mean Std. Deviation Std. Error Mean F Value p Value

Station#1
Male 33 6.424 0.902 0.157

0.763 0.001 *
Female 17 7.352 0.931 0.225

Station#2
Male 33 6.484 0.833 0.145

3.903 0.163
Female 17 6.823 0.727 0.176

Station#3
Male 33 6.424 0.902 0.157

0.480 0.026 *
Female 17 7.058 0.966 0.234

Station#4
Male 33 6.666 0.924 0.160

0.071 0.308
Female 17 6.941 0.826 0.200

Station#5
Male 33 6.515 0.972 0.169

1.186 0.007 *
Female 17 7.294 0.848 0.205

Station#6
Male 33 6.697 1.045 0.181

2.790 0.974
Female 17 6.705 0.587 0.142

* Statistically significant (p < 0.05).

Table 3. Comparison of OSCE stations scores with respect to cumulative grade point averages (CGPA)
groups (low, average and high).

OSCE CGPA
Score

n Mean Std. Deviation Std. Error
95% Confidence Interval for Mean

p Value
Lower Bound Upper Bound

Station#1

Low 5 5.400 0.547 0.244 4.719 6.080

0.000Average 11 6.272 0.646 0.194 5.838 6.707

High 34 7.088 0.933 0.160 6.762 7.413

Station#2

Low 5 5.800 0.447 0.200 5.244 6.355

0.002Average 11 6.181 0.404 0.121 5.910 6.453

High 34 6.852 0.821 0.140 6.566 7.139

Station#3

Low 5 5.200 0.447 0.200 4.644 5.755

0.000Average 11 6.181 0.603 0.181 5.776 6.586

High 34 7.000 0.852 0.146 6.702 7.297

Station#4

Low 5 5.800 1.095 0.489 4.439 7.160

0.006Average 11 6.454 0.687 0.207 5.992 6.916

High 34 7.0000 0.816 0.140 6.715 7.284

Station#5

Low 5 5.6000 0.547 0.244 4.919 6.280

0.000Average 11 6.272 0.646 0.194 5.838 6.707

High 34 7.117 0.945 0.162 6.787 7.447

Station#6

Low 5 5.800 0.447 0.200 5.244 6.355

0.004Average 11 6.272 0.467 0.140 5.958 6.586

High 34 6.970 0.936 0.160 6.643 7.297

A Pearson correlation coefficient was computed to assess the relationship between
the CGPA score and individual station (Table 4). Overall, there was a positive correlation
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between them. An increase in stations scores were correlated with the increase in CGPA.
There was a strong correlation (r = 0.701) with respect to station three, whereas moderate
correlation was found with respect to stations one (r = 0.563), two (r = 0.525), four (r = 0.509),
and five (r = 0.620) respectively. However, the correlation was weak with respect to station
six (r = 0.492, p < 0.00). The response rate was 100% in the survey filled by the participating
students who provided overall positive feedback regarding the use of additional aids.

Table 4. Correlation matrix between OSCE station scores and CGPA.

Station#1 Station#2 Station#3 Station#4 Station#5 Station#6 CGPA

Station#1 1

Station#2 0.647 ** 1

Station#3 0.722 ** 0.493 ** 1

Station#4 0.542 ** 0.401 ** 0.466 ** 1

Station#5 0.655 ** 0.700 ** 0.532 ** 0.490 ** 1

Station#6 0.605 ** 0.778 ** 0.573 ** 0.362 ** 0.534 ** 1

CGPA 0.563 ** 0.525 ** 0.701 ** 0.509 ** 0.620 ** 0.492 ** 1

** Statistically significant (p < 0.01).

4. Discussion

E-learning resources were helpful in enhancing dental students’ understanding of
fundamental concepts and their application to clinical scenarios [4]. We also believe that
these will also help students engage in active learning with the faculty in the skill labs,
enabling more discussion on the topic.

The results obtained from our study encourage us to believe that the students can
perform better when they are taught using traditional methods along with additional
e-learning resources. The students in Group B who were provided with the e-learning
resources performed significantly better than the other group. The results of our study are
similar to those of Qutieshat et al. [18] who found that the students who studied using
the hybrid model (including traditional as well as e-learning methods) performed better.
E-learning resources have been useful in enhancing dental students’ understanding of
fundamental concepts and their application to clinical scenarios [4]. We also believe that
these will also help students engage in active learning with the faculty in the skill labs,
enabling more discussion on the topic. They also found that the student’s perception of the
hybrid learning method was positive, similar to our study. The positive feedback received
from our sample regarding the use of videos to teach skills is similar to a study by Jang et al.
who found that students’ overall perception regarding the use of videos was positive. They
recommended the faculty use such resources [19]. The positive feedback emphasizes the
importance of freely-available e-learning resources in teaching skills in operative dentistry.
The students were able to access the videos whenever they wanted to. This helped them
consolidate their knowledge through repetition. Unlike the case with traditional methods,
they could watch the faculty demonstrate the skills more than once. Similar results have
been yielded with the use of online videos in a pre-clinical prosthodontics course at a dental
school in Germany [20]. Pre-clinical prosthodontics provides a set of skills very similar to
pre-clinical operative dentistry courses, and hence their results provide external validity.

The students with better CGPA performed better than those with lower CGPA. This
was expected because the students with better academic performance tend to be more
academically groomed. Sound knowledge about the materials, equipment, and practical
techniques forms the basis for good practical skills. They use multiple preparation tech-
niques for their assessments and perform better. Previous studies have shown similar
results in undergraduate medical education, with CGPA being a predictor of students’
performance [21]. Our study showed that the female students performed better than the
male students. This is similar to studies conducted in undergraduate dental education
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where female students’ cumulative grades were significantly better than male students [11].
However, our results differ from a study on the effect of gender on performance in medicine
in a medical college in Saudi Arabia [22], where the females performed only slightly better
than their male counterparts. We believe that female students with better didactic knowl-
edge perform better than males in dental skills, as shown in the results of our study. Our
findings might potentially be utilized to garner more interest in studying gender-based
differences in ability in practical courses taken by dentistry students. More exploratory
studies are needed to relate gender to the performance of dental students.

We found a strong to moderate correlation between the CGPA and students’ per-
formance at each station. However, station six revealed a weak correlation. This station
involved cleaning and disinfection of the workstation. The possible explanation is that this
was the only component that was not taught in the lectures, and only a demonstration of
the skill was provided. This is because the students had completed the knowledge and
understanding part of this aspect in another course in the previous year. Knowledge about
all other stations was provided in the lecture component of the skill course. This underlines
the fact that only demonstrations or the use of videos are not sufficient to learn a skill. For
competence, sound theoretical background, as well as clinical demonstration, is important.
A major limitation of our study is the involvement of only one cohort of students. Our study
does not correlate the impact of e-learning resources on the enhancement of clinical skills
by prospective follow-up. More studies involving a larger group of students in different
skill-related courses of dentistry are needed to conclude this assumption.

5. Conclusions

Students enrolled in in pre-clinical operative dentistry skills training performed sig-
nificantly better when provided with additional e-learning tools than those who were
not. Thus, resources that are easily accessible to students help them perform better in the
assessments. We recommend that the additional e-learning resources should be part of the
teaching methodology in the skill courses of dentistry colleges. This would help students
become more competent in skill courses.
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Abstract: Norwegian universities closed almost all on-campus activities on the 12 March 2020
following a lockdown decision of the Norwegian government in response to the COVID-19 pandemic.
Online and digital teaching became the primary method of teaching. The goal of this study was
to investigate how the transition to digital education impacted on medical students enrolled at the
University of Bergen (UiB). Key points were motivation, experience of learning outcomes, and fear of
missing out on important learning. Using an online questionnaire, students were asked to evaluate
the quality of both lectures and taught clinical skills and to elaborate on their experience of learning
output, examination, and digital teaching. Answers from 230 students were included in the study.
Opinions on the quality and quantity of lectures offered and their experience of learning output
varied based on gender, seniority and the amount of time spent on part time jobs. Students at UiB
were generally unhappy with the quality of teaching, especially lessons on clinical skills, although
both positive and negative experiences were reported. Securing a satisfying offer of clinical teaching
will be important to ensure and increase the student experience of learning output in the time ahead.

Keywords: medical education; digital education; COVID-19 pandemic

1. Introduction

Norway introduced a general lockdown on the 12 March 2020, in response to the
global COVID-19 pandemic [1]. Despite the comprehensive restrictions, the universities
were encouraged to keep up the pace in the educational programs. Emergency remote
learning (ERL), a temporary shift from the traditional form of education into a remote
one following a state of emergency, was implemented by the Norwegian universities to
ensure the continuation of higher education [2]. This abrupt transition to emergency remote
learning was a worldwide phenomenon. More than 1.9 billion students from 190 countries
were forced to transfer their education from face-to-face to digital education to fight the
ongoing pandemic, according to UNESCO [3]. In Norway, emergency digital education
included the transition from a mainly physical learning environment to video recordings,
live lectures on digital platforms and home exams [4]. Prohibition of physical attendance
left students without an office, without the possibility of hands-on learning of clinical
skills, without academic and social meeting places and with major changes in their daily
study habits [4]. Transitioning to emergency digital education has been challenging in most
countries. A study conducted on middle school students in Palestine reported that the
quality of emergency remote learning has been low even compared to digital learning in
normal circumstances. Course designs, assessment, and teaching strategies in schools and
at universities are originally designed for face-to-face teaching. In addition, both educators
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and students are living under a high level of stress, anxiety, and uncertainty due to the
state of emergency affecting all parts of society and normal life [5]. The challenges of
emergency digital education have potentially been similar for medical students in Norway.
The abrupt closing of Norwegian universities meant that medical schools had little or no
time to restructure their education and prepare for digital education. In addition, medical
training facilities in Norway were closed, and students were left without a place to practice
clinical skills.

Face-to-face education is today a crucial part of medical education worldwide [6].
Acquiring practical skills is of utmost importance when learning how to practice medicine.
However, according to the World Health Organization (WHO) digital education may be ca-
pable of supplying the estimated 4.3 million shortage in healthcare workers worldwide [7].
Student experience of digital education during the pandemic may provide useful informa-
tion on how to develop and implement a potentially more digitalized medical education in
the future.

We conducted a study to investigate how the period from the 12 March 2020 to the
end of the spring semester (20 June 2020) affected the lives and the learning environment
for medical students at the University of Bergen (UiB) in Bergen, Norway. The aims were
to assess students’ own experiences of learning output, motivation, and possible fear of
missing out on important learning, due to the switch to digital education. In addition, we
wanted the student’s perspective on the positives and negatives of digital education, and
their opinion on how this type of education could be improved in the future. This study is
the first study to explore the student experience of the COVID-19 pandemic on medical
students in Norway.

2. Subjects and Methods
2.1. Undergraduate Medical Program at UiB

The undergraduate medical program at UiB is a six-year long program divided into
12 terms, referred to as MED1, MED2 etc. It is organized as three columns that run
parallel throughout the program (columns of profession, academics, and professionalism)
and include elements of a spiral curriculum where key topics and subfields are revisited
progressively. Teaching is offered using primarily lectures, Team-based learning [8], and
clinical teaching. There is a final assessment after each term using multiple choice (MCQ)
and short answer questions (SAQ). Objective structured clinical examinations are held after
the 3rd and 6th year.

2.2. Setting and Application

Our study is a cross-sectional retrospective study, using a combination of qualitative
and quantitative research methodology. We used a questionnaire to collect data for assess-
ing the educational environment. The questionnaire was administered to all undergraduate
medical students at UiB between the 12th of June 2020 and the 16th of August 2020 using
the digital tool Skjemaker®, a local adaptation of MachForm (Appnitro software, Malang,
East Java, Indonesia, Available online: www.machform.com (accessed on 5 January 2022)).
Students were invited to participate in our study through a link sent to their student e-mail
portal with a copy sent to their private e-mail address. Data was collected in relation to
the 2020 spring semester when restrictions were most intense. The questionnaire was first
shared a few days after the last exam of the semester to ensure that students would be able
to answer questions about the final exam with the least amount of memory bias. Three
reminders were sent out during the data-collecting period in effort to boost the response
rate. In addition, a link to the study was published in relevant social media. The question-
naire was completed in approximately 15 min. The study was approved by the Norwegian
Center for Research Data (NSD) and used voluntary consent. Participants were informed
that they had the right to discontinue the study at any point without any consequences.
Answers to the questionnaire are completely anonymous, and investigators has no way of
identifying participating students.
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2.3. Sample Size Determination

All medical students at UiB (958 in total) were invited to participate, which means
there was no sampling. This was also done to ensure inclusion of the variations in teaching
methods and adaptation to digital education between all six years of the program.

2.4. Questionnaire

A self-designed questionnaire was used in this study. Design and layout of the
questionnaire was discussed several times between authors to maximize face validate. A
small pre-test group of five students were used to standardize questions. The participants
offered some amendments to the questionnaire which were considered and noted. The
questionnaire was finalized after an in-depth discussion among the authors. The end-
product consisted of 53 questions divided into five different categories, (Table 1), each
addressing different aspects of digital education. 27 questions used a Likert type response
scale, 10 were closed-ended questions, and 16 questions were open ended. Quantitative
information was collected using either a 5-point Likert scale [9] or close-ended questions.
Open-ended questions were used to collect qualitative data explaining the rationale behind
answers to the other questions. The questionnaire was in Norwegian. Quotes, tables,
and diagrams reported in the following are translated from Norwegian to English for the
purpose of this article.

Table 1. The questionnaire was divided in five main categories. The table illustrates the different
categories and includes an example of questions within each category.

Categories Examples

General situation How has your living situation been during the
COVID-19 pandemic?

Teaching On a scale of 1–5: How would you rate the quality of
PowerPoint with sound?

Your own learning experience My experience of learning output has been the same as
during a normal semester

Exam I am satisfied with my own achievement on my exam
this semester

Digital education as a whole What I enjoyed most about digital education was

2.5. Statistical Analysis

Quantitative data were analyzed using Stata (StataCorp, College Station, TX, USA).
Comparison of ordinary data between groups was done using the Mann–Whitney U-test
and the using Kruskal–Wallis test for analyzing more than two groups. Participants were
categorized based on gender, years of study and whether they were providing care for
children. Graded Likert scale questions are presented descriptively including mean values
and a 95% confidence interval. Potential gender differences in student experience of digital
education were investigated, as well as differences between years of studying medicine.
Differences between students spending more, equal, or less hours at a part time job outside
of studies was also investigated. Qualitative data were reviewed, sorted, and categorized
thematically.

3. Results
3.1. Quantitative Response Data

A total of 230 students, a response rate of 24%, submitted answers to the questionnaire—
169 women (73%) and 61 men (27%). The gender distribution among participants reflects
the current gender distribution at the medicine program at UiB—75.7% women and 24.3%
men [10]. Participation was somewhat uneven among students at different years of study.
For instance, the response rate of students in their last semester (6th year, MED12) was
49% while the response rate of students in their second last semester (6th year, MED11)
was only 13% (Table 2). 17 students cared for children during the lockdown, of which 13
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were women and three were men. A total of 19% of students had spent more time, 41%
less time and 40% equal amount of time in their paid part-time positions outside of study
as before the lockdown. A total of 74 students were living with other students during the
initial lockdown, and 102 students moved back in at their parents’ house for some period.

Table 2. An overview of year progression for medical students at UiB. The table includes response
rate for the specific year and distribution of each year in the study population.

Year Semester a Distribution in
Study Population

Response Rate for
Each Term

6th year MED12 39 (17%) 49%
MED11 9 (8%) 13%

5th year MED10 11 (5%) 14%
MED9 13 (6%) 18%

4th year MED8 36 (16%) 44%
MED7 17 (7%) 20%

3rd year MED6 25 (11%) 15%

2nd year MED4 24 (10%) 15%

1st year MED2 46 (20%) 27%
a The medical students are in one group of 180 students during the first three years after which they split in two
groups of 90 in each.

3.2. Quality of Digital Education Media

Different digital teaching methods, specifically pre-recorded PowerPoint slides with
sound, pre-recorded video lectures, and live video lectures, were rated based on technical,
academic, and pedagogical quality. Live video lectures had the highest mean score in
pedagogical quality (3.69 (3.57–3.82)), while pre-recorded lectures scored the highest on
both academic (4.02 (3.9–4.12)) and technical quality (3.94 (3.18–4.07)) (Figure 1). Female
students were statistically significantly more satisfied with pedagogical quality of all digital
education media than their male colleagues (Live video: p = 0.002. Video recording: p = 0.05.
PowerPoint with sound: p = 0.03).

3.3. Teaching of Clinical Skills and Hands-on Education

The students were asked whether they agreed, disagreed or were indifferent to several
statements regarding the quality of the clinical training. One statement read “In my
experience, my benefit from clinical and practical education has been good compared to an
ordinary, physical semester”, on which 61.7% of students disagreed, 23.0% were indifferent
and 14.8% agreed. Another statement “I believe that our clinical and practical education
has been replaced in a satisfying manner”, on which 59.1% of students disagreed, 22.6%
were indifferent and 18.3% agreed (Figure 2). However, there was statistically significant
differences between students in the different semesters. There was a statistically significant
difference in both experience of benefit of clinical and practical lectures (p = 0.003), and in
experience of satisfying replacement of clinical education (p = 0.003) between the different
semesters (Figure 3).
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3.4. Student Experience of Own Learning Output

Mean value of students’ perceived learning output was 2.59 (Figure 4). Experienced
learning output compared to an ordinary, physical semester correlated positively with
satisfying information about changes in timetable and lectures (p < 0.001), student experi-
ence of their own motivation for learning (p < 0.001) and student experience of their own
study efforts (p < 0.001). Motivated students, with enough and satisfying information given
during the semester and with high own study efforts, experienced higher learning output
than their counterparts. In addition, students who put in more hours in their part time job
than during an ordinary semester had a lower learning outcome than students with fewer
or the same hours (p = 0.0025) and had a more negative attitude towards digital education
(p < 0.001).

Female students had a more positive attitude towards digital education than their
male colleagues (p = 0.04), while at the same time being more anxious of having lost out
on important learning because of digital education (p = 0.05). This fear of losing out on
important learning also differed between the semesters (p < 0.001). Semesters MED7 and
MED10 were generally more worried about potential gaps in their knowledge, while MED9
and MED12 where less anxious.
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3.5. Student Feedback on How to Improve Digital Education

Several pros and cons were highlighted when students were asked about their expe-
rience with digital education. A majority emphasized the possibility of structuring their
own study days as the biggest advantage, including choosing when to watch a lecture,
being able to repeat when needed and being able to pause or rewind in case of ambiguity.
Reduced possibility of socialization, lack of structure and canceled classes were, on the
other hand, emphasized as factors that students disliked with digital education (Table 3).

Table 3. Five most common answers when students were asked about the pros and cons of digital
education.

Pros Cons

Increased opportunity to structure your own
studies (67%)

Reduced possibility for socializing with fellow
students (35%)

Increased time efficiency (15%) Less day-to-day structure (17%)
Being able to decide time and place for study

(9%)
Lessons deviating from the original timetable

and/or being cancelled (14%)
Being more comfortable asking questions

during lessons (8%)
Insufficient technical abilities in educators

(11%)
Increased availability of lessons (2%) A general feeling of distance to educator (10%)

Several proposals were made on how to improve digital education in the future.
Improving teachers’ technical skills, increased use of interactive teaching and improving the
structure and flow of information on the learning management system (Canvas) (Available
online: https://www.instructure.com/en-gb/canvas (accessed on 29 December 2021)),
were some of the proposals made by several students (Table 4). In addition, students
demanded that the faculty of medicine should ensure that all physical lectures receive

115



Healthcare 2022, 10, 170

some form of digital replacement, as opposed to just being cancelled. Digital education
should correspond with the original timetable, and teachers should agree on one platform
to present information to their students.

Table 4. Five most common answers when students were asked about how to improve digital
education in the future.

Proposals on How to Improve Digital Education Number of
Students

What should the
teacher do to improve

digital education?

Take advantage of opportunities for interactive
teaching 44 (22.9%)

Familiarize yourself with technical aids before the
lesson 39 (20.3%)

Ensure that students still get their 15-min breaks
between lessons 24 (12.5%)

Ensure that students may still ask questions, despite
the lecture being a prerecorded video 19 (9.9%)

Be sure to record and publish live video lectures 15 (7.8%)

What should the
university/faculty do

to improve digital
education?

Ensure proper education in the use of digital media
for educators 61 (35.5%)

Try to prevent large deviations in scheduled
education, and ensure that all teaching receive a

digital substitute
46 (26.7%)

Ensure that information reach the students by
establishing a common system for information 23 (13.4%)

Record and publish all live video lectures 23 (13.4%)
Optimize video and sound quality 19 (11.0%)

4. Discussion

Medical students at UiB reported an experience of lower learning output because of
emergency digital education the spring semester of 2020. This is despite that increased
use of digital education is generally found to be a positive contribution to the learning
environment at a university. Most of medical students in our study did report several
positive factors regarding digital education. These included the increased opportunity to
structure their own days, increased flexibility, and experience of increased time efficiency.
Learning values, such as flexibility, usefulness and worthiness are found to have a positive
effect on behavioral intention in context of digital learning. Behavioral intention is defined
as the motivational factors that influence a given behavior [11]. Greater behavioral intention
increases the likelihood of a desired behavior. In this context, increased behavior intention
with increased learning values means that students that experience learning value are more
likely to utilize digital education and learning platforms in a productive way [12]. Other
studies have reported that an increased sense of time efficiency among medical students
related to digital education have led to increased family time, better quality of sleep and
increased opportunities for research [13,14]. Video lectures have shown the possibility of
increasing learning output and speed of learning, especially when watching speed can be
regulated and when students may repeat a lecture if they like [15].

Medical students in our study did also report a general satisfaction with the quality of
theoretical teaching provided. Instructor characteristics are defined as qualities that makes
a good instructor or teacher [16]. Qualities such as being able to fully utilize an eLearning
platform and answering questions, are good instructor characteristics, and are found to
increase behavioral intention in students in context of digital learning [12]. However,
medical students in our study did request a higher degree of familiarization of technical
aids from their teachers. They also requested the teachers to ensure the possibility to
ask questions. Absence of good instructor characteristics may have reduced behavioral
intention in medical students at UiB and contributed to the experience of a low learning
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output. A study by Bettinger et al. also show that to some extent, online learning might not
compete with aspects of other learning, such as interactive knowledge building between
teacher and student [17]. This finding is consistent with our study, with 22.9% of students
reporting that teachers should take better advantage of the possibility of interactive learning
in digital education.

Our study showed a correlation between lack of motivation and reduced learning
output. Previous studies have shown that learning motivation is directing towards achieve-
ment and is therefore an essential part of perceived learning output and academic suc-
cess [18–20]. Lack of motivation may have several possible explanations. Reduced mo-
tivation in students during the COVID-19 pandemic has been linked to for instance the
individual student surroundings. Students possessing good internet access, a quiet and
suitable place to study and with a high degree of digital social interaction have a higher
degree of motivation during the pandemic [21]. A study by Khlaif et al. shows that
poor internet connection and lack of technical support affect digital education in a major
way [5]. Most of students in our study were living with other students during the initial
lockdown, and 102 students moved back to their parents’ house for some time. Lack of
information from the university, moving back home to parents and constant changes in
workload are likely linked to increased stress and consequently reduced motivation in for
instance psychology students [22]. Living in dormitories with other students may also have
caused a lack of a suitable study environment for students in our study. In addition, the
unpredictability of emergency digital education and the pandemic in general may have
caused an increased level of stress among students [5].

There was a major dissatisfaction with how clinical and practical teaching was replaced
among medical students at UiB. Dissatisfaction with the practical teaching offered has been
reported in several other studies, and several raise concern that the COVID-19 pandemic
has resulted in a serious lack of clinical skills among medical students [14,23]. A study by
AlQhani et al. showed that more than half of respondents thought that online learning
was much or somewhat less effective in balancing practical and theoretical experience.
Satisfaction was decreasing with increasing years of study and was especially low when
practical aspects of teaching were at its highest [24]. A concern for the UiB students has been
the forced cancellation of Objective Structured Clinical Examination (OSCE) for students
in their final year of study. OSCE often serves as an additional motivation for students
to practice clinical skills, and several studies fear that the cancellation of this exam will
result in a generation of doctors unsure in their own clinical skills [25–28]. In this context, it
should be mentioned that the graduating class in our study had generally low anxiety for
having lost important skills and knowledge.

Our study showed a difference between male and female students. Female students
were generally more satisfied with the pedagogical quality of teaching and had a more
positive attitude towards more digital education in the future. At the same time, they
were more anxious about potential important gaps in their knowledge. A study by Worly
et al. has shown that female medical students have a higher risk of burnout and emotional
exhaustion compared to male students [29]. In addition, female medical students have had
a greater increase in stress levels and anxiety during the COVID-19 pandemic than their
male colleagues [23]. A paradoxically more positive attitude towards digital education
may be surfacing due to female students generally being more structured [30], and digital
education demanding a higher degree of self-organization. However, earlier studies have
not shown a difference in the usage of digital tools between male and female students [31].

A limitation to our study is that it did not assess students’ performance. Their per-
ceived learning output may not be the same as their actual learning output. However,
subjective feedback is essential to map out student opinions and to investigate how to make
digital education a better experience. It is essential to develop digital education further. Our
study had a low response rate, with 24% of medical students at UiB. At the same time, our
response rate and final number of participants is consistent with similar published studies.
Gender distribution is consistent with gender distribution on the medical education of UiB.
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5. Conclusions

Despite several studies showing the positive potential of digital education in the field
of medicine, medical students at UiB generally reported an experience of reduced learning
output during the COVID-19 pandemic. Our findings indicate that lack of motivation
and lack of a sufficient offer in clinical education are the biggest contributing factors.
Practical and clinical skills are essential to the field of medicine, and a lack of opportunity to
rehearse and practice skills could potentially lead to a generation of insecure doctors with
reduced experience in meeting and examining actual patients. However, if used correctly,
digital education can be a most useful tool to increase flexibility and time efficiency among
students and could even contribute to an increased learning output. With an increased
focus on securing student motivation, learning values, and good instructor characteristics,
as well as investigating and utilizing tools for clinical digital education, digital education
may prove to be a most useful tool for educating medical students and other health workers
in the future.
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Abstract: Aim: to assess the impact of e-learning through different e-resources among health sciences
students. Methodology: A cross-sectional design was conducted among health science students
(n = 211; 134 female and 77 male) at King Saud University, Saudi Arabia. The data was collected using
a previously used structured questionnaire to assess the impact of e-resources on learning. Results:
The four most frequently used e-resources were: Zoom (38%), YouTube (31%), Google applications
(29%), and Blackboard (27%). More than one-third of the students (35%) reportedly used e-resources
for three or more hours daily. The majority of the students (55.9%) recognized a gender-related and
age-related difference among faculty members in terms of e-resources usage. The majority of the
students (58.2%) believe that online resources recommended by faculty members were credible. The
majority of students believed that their academic performance was primarily influenced by these
features of the e-resources: organization/logic of the content (64.5%), the credibility of the video
(64.5%), and up to date “look and feel” of the video (60.6%). The study identified the most frequently
used e-resources, gender, and age-related differences in faculty members’ use of e-resources, students’
overwhelming reliance on faculty feedback regarding the credibility of e-resources, and three most
important characteristics (organization, credibility, and updated status) of e-resources. Conclusion:
e-learning resources had a significant impact on participating students’ education as they were used
very frequently during their health sciences’ courses.

Keywords: e-resources; e-learning; credibility; academic performance; health sciences education

1. Introduction

Recently, the outbreak of the pandemic situation due to Coronavirus (COVID-19)
had led to massive loss of human life worldwide. The result of this massive loss spurred
economic and social disruption. Therefore, it was recommended to limit social gathering
and apply social distancing with increased precaution protocols to control this virus’s
transmission. This recommendation was also applied globally at different levels of all
educational systems as physical classes were stopped.

UNESCO estimates suggested that over 1.5 billion learners were affected during
this period in the education system [1–3]. Therefore, alternatives have immediately been
investigated and gathered to resume teaching and learning at different levels of education
throughout the world.

Many educational institutes took the initiative to transfer traditional onsite learning to
online education. This initiative was done in order to maintain the safety of their students
and to fulfill their basic needs for education through distance learning.
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Distance education, also known as distance learning, is defined as the education of
students who may not always be physically present at a school [1,2]. Traditionally, this
usually involved correspondence courses wherein the student corresponded with the
school via mail, and today it usually involves online education.

Technological innovation has not only impacted social change in recent years but
has been the prime driver of educational transformation [4–7]. There has been a growing
interest in using Internet-based learning by universities over the past decade to supplement
or replace traditional learning [8]. The development of new technologies marks the growth
of the internet. E-learning is the use of internet-based resources in education. Internet-
based learning for health professional education is increasing [9]. It offers advantages over
traditional learning approaches, enables learning to be completed conveniently for the user,
and improves accessibility, especially where facilities are geographically disparate [9,10]. It
can also deliver a broad array of solutions that enhance knowledge and performance [8],
increase accessibility to education, and improve self-efficacy [11] and clinical skills.

This results in improving practitioners’ capabilities [12], cost-effectiveness, learner
flexibility [7], satisfaction and promotion of student-to-student and student-to-instructor
interactions [13]. Therefore, it is of utmost importance to integrate e-learning to acquire
knowledge in the study of health sciences.

Some barriers can affect the development and implementation of online learning in
education, such as poor technical skills, inadequate infrastructure, absence of institutional
strategies and support, and negative attitudes of stakeholders [14–16]. On the other hand,
the practical nature of health science education demands direct contact between students,
instructors, and patients [17]. Therefore, traditional teaching methods in health sciences
are essential.

The use of digital devices in the college of health sciences for teaching and learning
purposes has been widely accepted in universities [18]. As a result of this development,
it has become apparent in recent years that Internet-based learning or electronic learning
(E-learning) has increased its attraction to students at large [19]. E-learning has recently
been proposed as a primary complementary tool to improve medical and dental educa-
tion [20], which has been defined as learning while “utilizing electronic technologies to
access educational curriculum outside of a traditional classroom” [21,22]. These inter-
active teaching strategies have enhanced students’ focus, amplified their attention, and
maximized their long-term knowledge retention [20]. Therefore, most higher education
institutions classify online learning as crucial for their educational strategy [23].

Electronic and virtual applications and sources can be compelling and entertaining in
several educational fields. However, this can be very challenging in terms of application,
especially in health science education which focuses on proper care, prevents the spread
of diseases, and improves the lives of every patient to ensure the longevity of life or
improvement in the life expectancy of individuals.

This field should provide students with technical skills, proper health care com-
petencies, and various opportunities to obtain the knowledge needed for growth and
development in the health sector [1]. It also aims to improve physical, mental, emotional,
and social health by increasing their knowledge and influencing their attitudes by caring
for their well-being [1,3].

King Saud University was one of the first universities in Saudi Arabia to transfer
courses from traditional onsite to online education. Lectures were mainly given through live
webinars to ensure proper interaction between the lecturer and the students. Assignments,
quizzes, and exams were conducted through the BlackBoard website, which was previously
activated during traditional education as a supportive tool for the educational process of
the students. After the adoption of the online education system, the website became the
backbone of the educational process.

With the ongoing spread of the coronavirus, online learning resources have become
increasingly essential to ensure uninterrupted educational delivery to isolated students.
This opportunity has expanded the learning offering beyond the limitations of the tradi-
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tional methods. The literature revealed that learning technology has positively supported
the health sciences curriculum [20]. Hence, it is crucial to evaluate its proper applicability
in each specific education field and make a positive adjustment for maximum learning
experience.

This study aims to assess the impact of e-learning through different e-resources among
health sciences students attending King Saud University.

The objectives of the present study are as follows:

1. To understand the most prominent e-resources used among health sciences students
attending King Saud University.

2. To assess the relationship between the age of faculty members related to given courses
through e-resources and their use of these facilities.

3. To assess the relationship between the gender of faculty members related to given
courses through e-resources and their use of these facilities.

4. To examine various e-resources and evaluate the effect of various sources of E-learning
on health sciences students’ ability to comprehend academic topics.

Therefore, the Null hypothesis is that there is no positive impact of e-learning through
different e-resources among health sciences students attending King Saud University.

The Alternative Hypothesis is that there is a positive impact of e-learning through
different e-resources among health sciences students attending King Saud University

2. Materials and Methods
2.1. Ethical Considerations

Institutional review board approval was obtained from King Saud University, Riyadh,
Saudi Arabia (E-20-5052). Informed consent was required for the participants to proceed to
answer the questionnaire. Therefore responses without the participants’ consent were not
recorded. The purpose and objectives of this study were explained, and the participants
were informed that the information obtained was to be used for research purposes only,
and the outcome would be presented in anonymous charts, figures, and tables.

2.2. Setting and Application

The survey was offered to undergraduate medical sciences students which included
medical, dental, pharmacy, applied medical sciences, and nursing students from both
female and male sections. An online survey was used, with all participants anonymously
completing the survey at an opportune place and time for them.

A web-based survey with a link provided was distributed to participants through
an e-mail and an invitation through social media platforms. Participants used a device
and a browser of their choice and convenience. Investigators cannot identify participating
students, and the survey was completely anonymous. Students were informed that they
had the right to discontinue the study at any point in time without any consequences.
The participation was sought to be voluntary, and the confidentiality of responses was
maintained.

The proposed survey did not take more than five minutes to complete for the majority.

2.3. Sample Size Determination

The study focused on undergraduate students attending colleges of health sciences
in King Saud University, Saudi Arabia. The sample size was determined by G Power
software (Hinnerup, Denmark). The confidence level was set at 95%. The power level was
set at 80% with a moderate effect size and a final sample size of 180 students. However, a
larger sample was recruited to avoid the possibility of a low response rate that could affect
the sample size. A final sample of 211 students was recruited using purposive sampling
because the goal of this study focused on students in the college of health sciences [24].
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2.4. Instrument to Be Used

A modified version was used after obtaining permission of the primary author of the
survey for Student’s Perception of the Impact of E-Learning on Dental Education [14].

The survey was comprised of 14 questions, including seven multiple-choice questions,
two fill-in-the-blank questions, two open-ended questions, and three Likert scale questions.
The purpose of the two open-ended questions was to allow students to share the applica-
tions they used during their dental education, their perceived impact on their academic
achievement, and their opinion of online education.

The first part contains questions related to demographic information.
The second part contains questions related to students’ use of E-learning resources

(e-resources) and their perceptions of these resources.
The third part contained questions that asked students to mention the top three e-

resources used for academic purposes. The questions explored several factors influencing
the use of these e-resources which included the following: the time spent on these resources,
the credibility of the e-resources recommended by faculty members, the influence of certain
factors regarding e-resources on students’ academic achievement, the effect of e-resources
on students’ ability to understand academic topics, students’ observation of faculty mem-
bers integration of e-resources in their courses and its relationship with the faculty members
age, the relationship that the students observed between the faculty member’s age and
their dependence on social media for communication, the students’ attendance preference,
and finally the effects of e-resources on students’ academic performance.

The modified version was sent to survey experts in the dental field to receive feedback
and opinion about its clarity and easiness and recommendations for further adjustments. As
a second step, a small sample of 20 students were chosen to pre-test the final version. This
step showed that the questionnaire needed to become shorter and more straightforward.
The participants also offered some amendments to the questionnaire which were considered
and noted. The questionnaire was finalized after an in-depth discussion among the authors.
The modified version was administered to a sample of 50 students in a pilot study. K value
for the inter-participants’ agreement was calculated to as 0.91, indicating an “almost perfect
agreement” according to Cohen [25].

2.5. Statistical Analysis

Descriptive Kolmogorov–Smirnov, and Shapiro–Wilks tests were applied to check
the normal data distribution. The data was entered and analyzed using SPSS 24.0 ver-
sion statistical software (IBM Inc., Chicago, IL, USA). Findings were presented through
frequencies, percentages, mean, and standard deviation values. The following elements
were evaluated: participants’ demographic characteristics, most frequently used elec-
tronic resources/applications by students, the average duration of daily electronic re-
sources/applications used for academic performance, students’ observations of incorpora-
tion of e-learning by faculty members and the age of faculty members, and the relationship
between faculty members’ dependence on social media for communication and their age.

3. Results
3.1. Participants’ Characteristics

In this study, health science students (n = 211; 134 females and 77 males) with a mean
age of 21 years ± 3 years participated. About two-thirds of the participating students were
enrolled in dentistry and the college of allied health sciences (Table 1). The majority of the
study sample comprised of female students (63.5%).

Table 1. Participants’ characteristics.

Characteristics Frequency Percentage

Specialty

College of Dentistry 111 52.6
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Table 1. Cont.

Characteristics Frequency Percentage

College of Medicine 24 11.4

College of Pharmacy 17 8.1

College of Applied Medical Sciences 32 15.2

College of Nursing 14 6.6

Prince Sultan Bin Abdul-Aziz College for
Emergency Medical Services 13 6.2

Age

18–20 70 33.2

21–23 125 59.2

24 and more 16 7.6

Gender

Male 77 36.5

Female 134 63.5

3.2. Most Frequently Used E-Resources

Table 2 presents the descriptive summary of the item that required students to record
their three most frequently used e-resources. Regarding preferred resources perceived by
students to improve their academic performance, 16 different e-resources were identified.
The four most frequently used were: Zoom (38%), followed by YouTube (31%), Google
applications (29%), and Blackboard (27%) (Table 2). E.E.E., Saudi Digital Library, and
Dropbox were the three least used electronics resources, with all the three being reported to
be used by less than 1% of the participating students. More than one-third of the students
identified ‘others’ as one of the resources.

Table 2. Frequency distribution of students’ most frequently used electronic resources/applications
in decreasing order.

Electronic Resources/Applications Frequency Percentage

Zoom 81 38.4

YouTube 66 31.3

Google applications 62 29.4

Blackboard 57 27.0

Notability 48 22.7

Microsoft Office applications 18 8.5

Telegram 12 5.7

Twitter 8 3.8

Adobe 7 3.3

WhatsApp 7 3.3

Flashcard applications 6 2.8

Instagram 4 1.9

Dropbox 1 0.5

EEE 1 0.5

Saudi Digital Library 1 0.5

Others 81 38.4
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3.3. Electronic Resources: Daily Use by Students, Gender and Age Pattern among Faculty
Members

About 65 respondents (30.8%) used e-resources for two to three hours every day
(Table 3). Most of the participating students reported either no gender-related difference
or ‘I do not know’ in incorporating e-resources by faculty members (74%). However, the
biggest group of students recorded that faculty members who more prevalently used e-
resources were under 50 years of age (Table 4). Similarly, almost half of the students replied
that there was a relationship between faculty members’ dependence on social media for
communication and their age because it was more commonly seen in those under 50 years
of age (Table 5).

Table 3. Students’ average duration of daily electronic resources/applications for academic performance.

Average Duration Frequency (n) Percentage (%)

Less than 1 h 30 14.2

1–2 h 42 19.9

2–3 h 65 30.8

3–4 h 29 13.7

More than 4 h 45 21.4

Table 4. Students’ observations of incorporation of e-learning by faculties and the age of faculties.

Incorporation of E-Learning by Faculty Members Frequency
(n)

Percentage
(%)

More prevalent among male faculties 22 10.4

More prevalent among female faculties 33 15.6

There is no difference in the use 93 44.1

I do not know 63 29.9

Observed relation in using e-resources and age of faculty members

More prevalent among faculties over 50 years of age 9 4.2

More prevalent among faculties under 50 years of age 103 48.8

There is no difference in use by age groups 59 28.0

I do not know 40 19.0

Table 5. Relationship between faculty’s dependence on social media for communication and their age.

Relationship between Faculty Member’s Dependence
on Social Media and Their Age

Frequency
(n)

Percentage
(%)

More prevalent among faculties over 50 years of age 5 2.3

More prevalent among faculties under 50 years of age 103 48.8

There is no difference in use by age groups 63 29.9

I do not know 40 19.0

3.4. Online Applications/Animations: Student’s Perceived Academic Performance and Reliance on
Faculty Recommendations

Students regarded e-resources recommended by faculty members with a high level of
credibility; this is indicated by a majority (58.2%) replying that they were greatly influenced
by teachers’ feedback on such matters (Figure 1). Organization/logic of the content,
credibility of the video, and up-to-date “look and feel” of the video were the three most
influential factors on the students’ perceived academic performance with 64.5%, 64.5%,
and 60.6%, respectively. While online presentation under 15 min was perceived to be least
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influential in academic performance, most students (55.9%) recorded a response of ‘neutral’
or ‘least influence’ for this factor (Table 6).
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Table 6. Influence of online applications/animations on the students’ perceived academic performance.

Influence Level Least
Influence

Less
Influence

Neutral
Influence

More
Influence

Most
Influence

Scale 1 2 3 4 5

Factors

Online presentation
under 15 min 9.0 16.6 30.3 25.1 19.0

Mobile friendly 8.1 13.7 24.6 24.2 29.4

Up-to-date “look and
feel” of the video 3.8 13.3 22.3 23.2 37.4

The credibility of the
video 2.4 9.0 24.2 24.2 40.3

Organization/logic of
the content 1.9 10.0 23.7 20.9 43.6

4. Discussion

The present study’s results highlighted that e-learning resources significantly impacted
education during the coronavirus pandemic (COVID-19) outbreak when used by health
sciences students at King Saud University.

Findings revealed that the most frequently used e-resources were Zoom, followed
by YouTube, Google applications, and Blackboard. This sequence in preference could be
attributed to the increasing urge for a videoconferencing technology to augment online
learning, which unfolded at the pandemic’s peak when people were adjusting to the new
normal. Zoom is one of the most helpful resources to enhance effective and synchronous
e-learning since it allows visual interaction between the students and instructors. It was
established that Zoom could accommodate 1000 participants in one meeting. This applica-
tion can be downloaded and used for free (Ismawati, Iis, et al. 2021, Wibawanto, 2020) as
cited by Kasman et al. [24,25] One could infer that due to its ability to accommodate a large
number of participants, its simple interface and low cost explains the dominance of this
e-resource compared to other applications.

In contrast, this result was supported by the findings from a previous study [14],
we discovered that the second most used e-resource is YouTube. Before the pandemic,
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YouTube was globally the go-to site for virtual learning. However, recent authors [26,27]
established that the COVID-19 outbreak pushed all universities to incorporate the use of
video conferencing technology (V.C.T.) to supplement learning management systems for
e-learning, including YouTube.

When the students were asked about the duration spent on e-resources, most of the
respondents reported using e-resources for at least 3 h at a time. This relatively long
duration can be explained by the nature of health sciences lectures and seminars, which
usually require a significant amount of time.

Regarding the observed relationship between using e-resources and faculty members’
age, the majority of the respondents reported that the faculty members who prevalently
used e-resources were more likely to be under the age of 50 years old. This may be due to
the fact that the majority of this age category have been more exposed to recent technologies
and more enthusiastic than the older age category. This result coincides with the results of
the research work carried out by Turkyilmaz et al. [14], in which they discovered that faculty
members that frequently used e-resources were under 50 years of age. They are more likely
to have been exposed to technology in their education and early career stages. Therefore,
they may be more inclined to use technology in learning settings and communication.
Several investigators discovered that only a few faculty members use advanced online
learning tools.

Faculty members hesitated to shift their teaching style to e-learning due to several
reasons which included: low perceived benefit, difficulty in using these online resources,
frequency of students’ usage, and the time required to invest in the process [24]. However,
even faculty members over 50 years of age were compelled to use the e-resources in a
limited fashion. This observation can also be explained by the variation of exposure to e-
resources by different generations and the ubiquity of computers and the internet in modern
academic environments. Moreover, this trend will keep increasing as more educators bring
technology-based activities into the classrooms [14].

Furthermore, when faculty members’ gender was observed, results revealed that about
44% of the students did not perceive a gender-related pattern regarding incorporating e-
resources. These findings were supported by a recent study where authors also discovered
that the students in their study observed no gender-related pattern in incorporating distance
learning [14].

Concerning students’ perceived academic performance and reliance on faculty mem-
bers’ recommendations, the results indicated that most students viewed online applications
recommended by faculty members with a high level of credibility. It was discovered that
the organization/logic of the content, credibility and up-to-date “look and feel” of the video
were the three most influential factors on the students’ perceived academic performance.
These findings were contrary to the results of previous studies that reported the e-learning
system’s efficacy on organization and attractiveness of the course content [12,13].

Several limitations have been observed in the present study, including statistical
bias, as samples were not evenly distributed. Half of the sample size predominantly
included dental students, while the other half contained medicine, nursing, pharmacy,
and applied medical sciences. The present study is a cross-sectional study within one
university which may limit the inference of the findings to other regions of the country or
the world. Likewise, the study did not evaluate the students’ actual academic performance
but rather their perceived performance, which may be subjective rather than objective. It
should be highlighted that present findings were based only on surveys without structured
interviews with faculty members. Therefore, future studies with a well-controlled and
improved methodology are recommended to confirm present study findings.

In summary, the findings of this study helped understand the perception of health
science students in adopting E-learning resources, the effect of E-learning on their ability to
comprehend academic topics, and its influence on their academic performance.
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5. Conclusions

E-learning resources were frequently used during the present study and they had
significant impact on the participating health science students’ education. Most e-resources
used were Zoom, followed by YouTube, Google applications, and Blackboard. The faculty
members’ age was a significant factor affecting their use and reliance on e-resources. Orga-
nization, credibility, and updated status of e-resources were also significant contributors to
health sciences students’ academic performance. In conclusion, incorporation of e-learning
resources training and application in the schools’ curriculum is essential to improve health
sciences students’ and faculty members’ distance learning experience and outcomes.
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Abstract: During the COVID-19 confinement, we converted our clinical simulation sessions into simu-
lated video consultations. This study aims to evaluate the effects of virtual simulation-based training
on developing and cultivating humanization competencies in undergraduate nursing students. A
quasi-experimental study was conducted with 60 undergraduate nursing students. A validated
questionnaire was used to evaluate the acquisition of humanization competencies (self-efficacy, so-
ciability, affection, emotional understanding, and optimism). The development of humanization
competencies in this group composed of undergraduate nursing students was evaluated using virtual
simulation-based training, comparing the levels obtained in these competencies at baseline (pre-test)
and after the virtual simulation experience (post-test). After the virtual simulation sessions, students
improved their levels in humanization total score and the emotional understanding and self-efficacy
competencies, obtaining large effects sizes in all of them (rB = 0.508, rB = 0.713, and rB = 0.505
respectively). This virtual simulation modality enables training in the humanization of care with
the collaboration of standardized patients in the form of simulated nursing video consultations
and the performance of high-fidelity simulation sessions that comply with the requirements of best
practices. Therefore, this methodology could be considered as another choice for virtual simulation.
Additionally, this virtual modality could be a way to humanize virtual simulation.

Keywords: COVID-19; high fidelity simulation training; nursing education; remote consultation;
telemedicine

1. Introduction

During the COVID-19 pandemic, governments around the world have declared social
distancing measures to ensure the confinement of the population, including the closure
of schools and universities. In this sense, this pandemic represents a challenge not only
to health services but also to nursing education. In response to this exceptional situation,
simulation-based education had to adapt through the use of virtual simulation modalities,
thus highly increasing its use, leading to virtual simulation becoming a primary teaching
strategy to provide simulated experiences [1] using online platforms, specific software or
mobile devices [2,3]. Virtual simulation modalities comprise immersive simulation, screen-
based simulation, serious games, virtual reality, virtual simulation/virtual patients, virtual
reality simulation, and web-based simulation [4]. All these modalities provide students
with near-reality, interactive virtual simulation learning experiences when face-to-face
simulations are not possible [3].
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To adapt our high-fidelity clinical simulation sessions to virtual simulation, we im-
plemented simulated nursing video consultations in our university during the COVID-19
confinement [5,6]. Additionally, we considered that nursing students should practice simu-
lated video consultations to train in this healthcare modality that has become both popular
and necessary during this pandemic. In this sense, among the different telemedicine
modalities, video consultations have been significantly increased [7,8], implementing them
in many countries has been a digital health strategy to provide healthcare [9,10]. This
modality of healthcare has multiple benefits such as avoiding agglomerations owing to
social distancing restrictions, patient satisfaction, and cost reduction [11,12]. However, we
were concerned about virtual interactions between nursing students and a standardized
patient using virtual simulation sessions, since the distancing between them and the in-
ability to perform an in-person consultation could lead to providing dehumanized and
depersonalized nursing care training.

According to David Gaba, considered to be one of the fathers of clinical simulation,
simulation is a technique not a technology [13], because simulation sessions must not be
exclusively based on the use of technological equipment or devices. A simulation setting
can help train students in nursing clinical skills, procedures, or techniques, and also the art
of nursing generally [14]. Additionally, it can help students recognize the totality of the
human being, providing patient-centered care [15]. This approach to healthcare is closely
linked to the humanization of care construct [16].

Nowadays, humanization of care is a fashionable construct within healthcare services,
possibly owing to society perceive they are dehumanized and depersonalized [16]. In short,
humanizing healthcare means putting the human being at the center to promote and protect
the health, cure diseases, or provide the best care [17]. However, there is not a consensus
on the humanization of care definition to date, but most approaches to this construct
offer a definition based on responding to patient’s needs [16]. The humanization of care
construct implies a set of personal competencies that healthcare professionals should have
to care for patients effectively and humanely [18]. In this sense, Pérez-Fuentes et al. [18]
have recently proposed a humanization of care model which comprises 5 competencies
required in healthcare clinical practice: optimism (to generate positive future expectations),
sociability (to relate to others appropriately with assertiveness and empathy), emotional
understanding (to empathize cognitively with others, placing ourselves in their place),
self-efficacy (to manage successfully complex and stressful situations), and affection (to
empathize emotionally with the affective state of another person).

Previous studies have demonstrated the effectiveness of simulation-based training
mainly in the self-efficacy [19] and empathy [20] competencies, but no research to date has
studied the effects of simulation training in all competencies required to provide humanized
nursing care. Specifically, this could represent a significant challenge if this training is
conducted through a virtual simulation modality, owing to the virtual interaction and
distancing between nursing students and virtual patients. Therefore, this study aimed
to evaluate the effects of virtual simulation-based training on developing and cultivating
humanization competencies in undergraduate nursing students.

2. Materials and Methods
2.1. Research Context and Setting

A quasi-experimental study was conducted using a single-group pre-test post-test
design. The development of humanization competencies in this group composed of un-
dergraduate nursing students was evaluated using virtual simulation-based training, com-
paring the levels obtained in these competencies at baseline (pre-test) and after the virtual
simulation experience (post-test).

2.2. Setting and Sample

The study was performed in a public University between 20 April and 21 May 2020,
including 3rd-year undergraduate students enrolled in nursing degree (66 students). These

132



Healthcare 2022, 10, 37

students performed virtual simulation sessions. A total of 60 nursing students participateD
in the study (90.9% response rate).

2.3. Simulation Design Process

All simulated nursing video consultations followed the INACSL Standards of Best
Practice: SimulationSM [21–24]. During these simulated sessions, all stages included in high-
fidelity clinical simulation were accomplished: pre-briefing, briefing, simulated scenario,
and debriefing. A virtual platform of online video conferences provided by the university
(Blackboard Collaborate LauncherTM) was used to develop all simulation stages [5,6].

We designed six simulated scenarios related to basic healthcare at patients’ homes
who presented the following clinical cases: a patient diagnosed with arterial hypertension,
a post-surgical patient (laparoscopic cholecystectomy), a woman with an anxiety disorder
(potential case of gender-based violence), a bed-ridden patient with a pressure ulcer, a
child diagnosed with attention deficit hyperactivity disorder (ADHD), and a child with a
febrile syndrome.

Besides attending to each reason for consultation, adequate management and protec-
tion measures to COVID-19 were considered, since all patients were confined during this
pandemic. Standardized patients played the role of patients’ homes. These standardized
patients were also facilitators during the simulated sessions, and they were changed during
the different simulated scenarios. It should be noted a standardized patient played the role
of caregiver in the clinical case of a bed-ridden patient with a pressure ulcer, and another
played the role of mother when a child needed to be treated. To ensure a high-fidelity
level of the simulation experience, we chose all standardized patients for their experience
in clinical simulation methodology, and we trained them to play their roles according to
recommendations by Lewis et al. [25].

All nursing students were divided into 4 groups of 12–16 students per group. In
this sense, they formed 6 operational work teams of 2–3 students per group, performing
a simulated scenario together and portraying the role of nursing professionals online.
Meanwhile, the rest of the work teams were at home, observing their performance in their
computer screen using the corresponding virtual platform for online video conferences.
In this way, they could learn from the mistakes of their classmates who were performing
a simulated scenario. Each simulated session lasted 4 h, and each student completed
3 simulation sessions (1 session of pre-briefing and 2 sessions where 6 simulated scenarios
were performed), so each student completed a total of 12 h of simulation experience.

2.4. Data Collection Instrument

To evaluate the acquisition of humanization competencies, the Healthcare Professional
Humanization Scale (HUMAS) [18] was used. This questionnaire consists of 19 items with
a 5-point Likert response scale (from 1 = ‘never’ to 5 = ‘always’). HUMAS comprises
the 5 dimensions of humanization of care construct: self-efficacy (5 items), sociability
(3 items), affection (5 items), emotional understanding (3 items), and optimism (3 items).
To examine the humanization questionnaire reliability, the coefficient omega (ω) [26] was
calculated. In this way, the internal consistency obtained by its creators for each dimension
was satisfactory: optimism (pre-test: ω = 0.78, post-test: ω = 0.84), sociability (pre-test:
ω = 0.81, post-test: ω = 0.85), emotional understanding (pre-test: ω = 0.74, post-test:
ω = 0.74), self-efficacy (pre-test: ω = 0.79, post-test: ω = 0.78), affection (pre-test: ω = 0.88,
post-test: ω = 0.90), and total score (pre-test: ω = 0.88, post-test: ω = 0.88). It should
be noted, some items were minimally adapted since the participants were students, and
not healthcare professionals (e.g., ‘I feel nervous when I am caring for my patients’ was
changed by ‘I feel nervous when I think about caring for patients during my clinical
practices.’ The humanization questionnaire was completed online pre- and post-virtual
simulation sessions, through a link provided to the participating students.
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2.5. Statistical Analysis

Descriptive statistics were calculated (minimal, maximal and mean scores, standard
deviation, and percentages) to analyze the results obtained for demographic data and
each item, subscale, and the total score obtained in HUMAS. Additionally, the coefficients
omega (ω) were calculated to analyze the reliability of this questionnaire. Subsequently,
the assumption of normality was tested using the Kolmogorov–Smirnov test, confirming
that data did not follow a normal probability distribution. Consequently, to analyze the
differences at baseline (pre-test) and after the virtual simulation experience (post-test), the
Wilcoxon test was used. Additionally, to determine the effect size of the statistically signif-
icant differences obtained, the rank-biserial correlation (rB) was calculated, considering
the following cut-off points: 0.10 (small), 0.30 (medium), and 0.50 (large) [27]. These data
were analyzed using IBM SPSS Statistics version 24.0 software for Windows (IBM Corp.,
Armonk, NY, USA).

2.6. Ethical Considerations

This study was carried out following ethical principles for medical research of the
international Declaration of Helsinki [28]. Additionally, this study was approved by the
Research and Ethics Board of the Department of Nursing, Physiotherapy, and Medicine of
A. University (Approval no. EFM-75/2020). All nursing students were informed about the
study and who accepted to participate voluntarily, signed a written consent.

3. Results

A total of 60 nursing students participated in the study. The age of students ranged
from 20 to 50 years (mean = 23.83; SD = 6.63). Most students were women (n = 52; 86.7%).

Descriptive data and reliabilities for each item, subscale, and the total score obtained
in HUMAS at baseline (pre-test) and after virtual simulation sessions (post-test) are shown
in Table 1. It should be noted that the reliability coefficients calculated for each subscale and
the total score in HUMAS were quite similar to values obtained by its creators, indicating
satisfactory reliability.

Table 1. Descriptive data (minimal, maximal and mean scores, and standard deviation) and reliabili-
ties for each item, subscale and the total score obtained in HUMAS at baseline (pre-test) and after
virtual simulation sessions (post-test) (N = 60).

Items and Subscales of HUMAS
Pre-Test Post-Test

Min 1 Max 2 M 3 SD 4 ω Min 1 Max 2 M 3 SD 4 ω

Subscale 1—Optimism 4.00 15.00 11.28 2.17 0.81 6.00 15.00 11.66 2.32 0.87
1. I await the future enthusiastically. 2.00 5.00 4.13 0.87 2.00 5.00 4.23 0.90

2. In general, I am satisfied with myself. 1.00 5.00 3.61 0.90 2.00 5.00 3.75 0.85
3. When faced with problems, I trust that everything will come out all

right in the end. 1.00 5.00 3.53 0.79 2.00 5.00 3.68 0.85

Subscale 2—Sociability 10.00 15.00 14.40 1.15 0.79 11.00 15.00 14.50 1.03 0.87
4. In the future, when I care for patients, I will try to put myself in

their place. 3.00 5.00 4.70 0.53 3.00 5.00 4.78 0.45

5. When I start my professional career, I will give the patients or their
families close, personal attention, if they need it. 3.00 5.00 4.85 0.40 4.00 5.00 4.86 0.34

6. I will try to calm down patients and families, as I consider it an
important part of caregiving. 3.00 5.00 4.85 0.44 4.00 5.00 4.85 0.36

Subscale 3—Emotional understanding 6.00 15.00 10.50 2.07 0.77 6.00 15.00 11.23 2.09 0.70
7. When someone disrespects me, I try to understand their reasons and

continue to treat that person respectfully. 2.00 5.00 3.71 0.78 1.00 5.00 3.93 0.86

8. When I don’t like someone, I try to understand them and give them a
chance for me to get to know them. 2.00 5.00 3.55 0.89 2.00 5.00 3.70 0.83

9. When someone goes against me, I tend to analyze the situation to try
and justify their behavior rationally. 1.00 5.00 3.23 0.89 1.00 5.00 3.60 0.96

Subscale 4—Self-efficacy 5.00 24.00 17.75 2.97 0.81 11.00 25.00 19.13 2.57 0.79
10. I am able to differentiate the changes in mood in others and try to

act consequently. 1.00 5.00 3.48 0.72 1.00 5.00 3.78 0.76

11. I am satisfied with what I do and how I do it in my clinical practices. 1.00 5.00 3.80 0.75 2.00 5.00 4.01 0.59
12. I am able to differentiate my own moods and act consequently. 1.00 5.00 3.71 0.86 1.00 5.00 3.88 0.73

13. I think I will be prepared to cope successfully with any situation in
my clinical practices. 1.00 5.00 3.15 0.79 2.00 5.00 3.53 0.72

1 Min.: minimal score; 2 Max.: maximal score; 3 M: mean score; 4 SD: standard deviation.
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Table 1. Cont.

Items and Subscales of HUMAS
Pre-Test Post-Test

Min 1 Max 2 M 3 SD 4 ω Min 1 Max 2 M 3 SD 4 ω

14. I feel that I will have a great capacity for perceiving when a patient is
nor receiving adequate care. 1.00 5.00 3.60 0.80 1.00 5.00 3.91 0.67

Subscale 5—Affection 5.00 25.00 13.10 3.48 0.86 5.00 25.00 12.81 4.18 0.89
15. When I am performing my clinical practices or I plan perform in my

future career, I usually feel anxiety. 1.00 5.00 3.33 0.79 1.00 5.00 3.31 0.93

16. I feel nervous when I think about caring for patients during my
clinical practices. 1.00 5.00 2.85 0.98 1.00 5.00 3.21 0.97

17. When in my clinical practices I perform or I think about performing
clinical activities related to my future career, sometimes I feel afraid. 1.00 5.00 3.06 0.80 1.00 5.00 3.18 0.91

18. When in my clinical practices I perform or I think about performing
clinical activities related to my future career, there are situations in

which I feel guilty.
1.00 5.00 3.98 0.81 1.00 5.00 3.83 1.07

19. I feel affected when I am performing my clinical practices or I think
about caring patients, 1.00 5.00 3.66 0.89 1.00 5.00 3.63 1.08

Total score 36.00 89.00 70.83 8.66 0.89 53.00 95.00 73.71 8.07 0.86

1 Min.: minimal score; 2 Max.: maximal score; 3 M: mean score; 4 SD: standard deviation.

The mean scores obtained in each humanization dimension at baseline (pre-test) and
after virtual simulation sessions (post-test) were compared (Table 2). Statistically significant
differences were obtained in emotional understanding and self-efficacy dimensions, as well
as in total score for the humanization scale applied, obtaining large effects sizes in all of
them (rB = 0.505, rB = 0.713, and rB = 0.508 respectively).

Table 2. Differences in mean scores for each humanization dimension and the total score obtained in
HUMAS at baseline (pre-test) and after virtual simulation sessions (post-test) (N = 60).

Humanization Dimensions z p

Optimism −1.68 0.091
Sociability −0.61 0.540

Emotional understanding −3.16 1 0.002
Self-efficacy −4.39 2 0.000

Affection −0.98 0.324

Total score −3.28 1 0.001
1 p < 0.01; 2 p < 0.001.

Figure 1 shows graphically the magnitude of the statistically significant differences
in emotional understanding and self-efficacy dimensions, and the total score obtained in
HUMAS at baseline (pre-test) and after virtual simulation sessions (post-test). It should be
noted that the rest of the humanization dimensions are not shown in this figure since only
non-statistically significant differences were obtained.
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4. Discussion

We converted our face-to-face simulated scenarios into a virtual format using sim-
ulated nursing video consultations in response to the closure of universities during the
confinement due to the COVID-19 pandemic. We performed high-fidelity simulation ses-
sions that complied with the requirements proposed by the INACSL Standards of Best
Practice. In previous studies, nursing students expressed high satisfaction with this virtual
simulation modality [5,6], perceiving that it was positively improving their learning process.
However, we considered studying whether our conversion could lead nursing students to
provide dehumanized and depersonalized nursing care, since virtual interactions are not
the same as simulation sessions in a laboratory room.

Our results indicate the positive effects of virtual simulation-based training on de-
veloping and cultivating humanization competencies in undergraduate nursing students.
After virtual simulation sessions, they improved their levels in humanization total score
and the emotional understanding and self-efficacy competencies. It should be noted that
emotional understanding is closely related to empathy [18]. Although there is a lack of
studies analyzing the effects on the humanization of care of using clinical simulation
methodology, improvements to empathy and self-efficacy in nursing students have been
widely demonstrated [19,20,29].

Firstly, empathy is considered as the heart of all nurse-patient interactions [30], being
a basic component of therapeutic relationships and a crucial factor in quality care [31].
Additionally, the positive impact of empathic healthcare interactions on patient outcomes
has been widely demonstrated [31,32]. Numerous studies have demonstrated improvement
to empathy levels using clinical simulation methodology [20]. Particularly, single-group
studies have demonstrated a significant change in empathy between pre-test and post-
test using standardized patients. However, the obtained effect sizes have been often
low [30,33]. Notably, Strekalova et al. [34] used a virtual patient during simulated health
history interviews and obtained emphatic responses from nursing students. In our study,
we obtained increases in empathy levels and a large effect size in this humanization
competency using standardized patients during virtual simulation sessions.

Regarding self-efficacy, this competency consists of a future-oriented optimistic belief
that increases motivation, equating to improved performance [35]. Self-efficacy is consid-
ered as a healthcare professional’s skill in successfully managing complex and stressful
situations [36]. In this sense, there is ample evidence in the literature to suggest simula-
tion is effective at increasing this competency [19]. Specifically, single-group pre-test and
post-test design studies have reported increases in self-efficacy after simulation sessions
using standardized patients [37–39]. However, the effect sizes of simulation in self-efficacy
reported by these studies are inconsistent and range from low to large. In contrast, we
reported a large effect size in this humanization competence using not only standardized
patients but also virtual simulation sessions.

Logically, simulated nursing video consultations mainly promote the development of
non-technical skills (mainly communication skills, active listening, presence, empathy, and
teamwork) [5,6]. In this sense, humanization of care and its related competencies could be
included in these skills required to provide quality nursing care and decrease burnout [40].
However, while face-to-face simulation sessions usually improve technical skill perfor-
mance [19,37,39], more studies are needed to analyze non-technical skill performance using
virtual simulation modalities [41].

Lastly, although simulated nursing video consultations are not included among virtual
simulation modalities in the evidence [3,4], this methodology could be considered as
another choice for virtual simulation, according to their high level of fidelity in compliance
with the requirements proposed by the INACSL Standards of Best Practice and the high
satisfaction and positive perception expressed by nursing students in previous studies [5,6].
However, Cant et al. [3] consider clarification of the nomenclature of virtual simulation to
be needed in terms of fidelity, since interactions between learners and virtual patients are
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different from face-to-face simulation experiences. Additionally, its use could be extended
to other contexts, not only in the confinement due to the COVID-19 pandemic.

The main limitation of our study is related to the specific disadvantage of both sim-
ulated and real-life nursing video consultations: technical issues. Ensuring adequate
network access and the correct functioning of virtual platforms could mitigate these po-
tential problems [9,12]. Regarding methodological limitations, although our sample size
was small, the response rate was high. Additionally, while our study did not analyze
either self-efficacy or empathy using the specific validated scales, a validated scale that
comprised both humanization competencies was utilized [18]. In this sense, the use of
validated scales for evaluating these competencies is not consistent in the majority of the
studies [19,20]. Finally, the positive effects of virtual simulation-based training on develop-
ing and cultivating humanization competencies should be confirmed by future research,
so more studies are needed. These future studies should extend the sample recruited and
compare it with a control group, using quasi-experimental or experimental designs and
evaluating the outcomes obtained in follow-up periods (for instance, 3, 6 and/or 12 months
later). Additionally, future research should also assess the acquisition of humanization of
care competencies by nursing students or registered nurses using this virtual simulation
modality and extend it to other settings and education centers.

5. Conclusions

This methodology allows nurses to be trained in the humanization of care using
a virtual simulation format, in the form of simulated nursing video consultations by
performing high-fidelity simulation sessions that comply with the requirements proposed
by the INACSL Standards of Best Practice. Therefore, this methodology could be considered
as another choice for virtual simulation. Additionally, this virtual modality allows the
collaboration of standardized patients and, consequently, could be a way to humanize
virtual simulation. Our results could be confirmed by future research projects using quasi-
experimental or experimental designs and follow-up periods, recruiting more nursing
students, including registered nurses, and extending this virtual simulation modality to
other settings and education centers.
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Abstract: This article describes the development and testing of an online asynchronous clinical
learning resource named “Ask the Expert” to enhance clinical learning in dentistry. After the re-
source development, dental students from years 3 and 4 were randomly allocated to two groups
(Group A—“Ask the Expert” and L—“lecturer-led”). All the students attempted a pre-test related
to replacement of teeth in the anterior aesthetic zone. Group A (33 students) underwent an online
case-based learning session of 60 minutes’ duration without a facilitator, while Group L (27 students)
concurrently underwent a case-based learning session of 60 minutes’ duration with a lecturer facil-
itating the session. An immediate post-test was conducted followed by a retention test after one
week. Student feedback was obtained. There was a significant increase in the test scores (maximum
score 10) for both groups when comparing the pre-test (Group A—5.61 ± 1.34, Group L—5.22 ± 1.57)
and immediate post-test scores (Group A—7.42 ± 1.34, Group L—8.04 ± 1.22; paired t-test, p < 0.001).
However, no significant difference was observed in the test scores when comparing Group A to
Group L for both the immediate post-test as well as the retention test (Group A—5.36 ± 1.29,
Group L—5.33 ± 1.39 (independent sample t-test, p > 0.05). To conclude, adequately structured
online asynchronous learning resources are comparable in their effectiveness to online synchronous
learning in the undergraduate dental curriculum.

Keywords: e-learning; online learning; dentistry; dental education

1. Introduction

Learning from clinical cases or case-based learning provides an opportunity for stu-
dents to demonstrate application of knowledge, thus augmenting the relevance of their
learning [1]. Case-based learning promotes inherent motivation to learn, encourages
self-directed learning and enhances clinical decision making abilities by repeated experi-
ences [2,3], leading to a profounder understanding and reflection [4]. However, clinical
case discussions are usually conducted between a clinical supervisor or lecturer and a
group of students in a clinical setting. Clinical learning from clinical cases may also occur
during case-based learning sessions conducted by a lecturer for a cohort. In view of the
current pandemic, these sessions are routinely being conducted as online synchronous
sessions between a lecturer and a group of students. These discussions are usually isolated
bundles of learning between a faculty and a group of students. This approach provides
restricted opportunity for feedback from other faculty who are not involved in the primary
discussion and also precludes the participation from students who are undergoing clinical
learning in other cohorts.

Harden and Hart have explained the benefits of e-learning in removing constraints
for learning and expanding possibilities [5]. Computer-assisted learning (CAL) provides
flexibility for students and teachers by enabling students to choose the time for learning
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and freeing the time for teachers to focus on topics needing more close supervision [6].
Enhanced accessibility, diminished costs and effective time management have been cited
as significant advantages that e-learning may offer as compared to other modes of learn-
ing [7,8]. Educational benefits of e-learning have been previously demonstrated in multiple
areas including knowledge acquisition, assessment, development of professionalism and
also acquisition of physical skills [9–12]. The concept of developing a “reusable learning
package” [13,14] is advantageous in clinical learning, since it provides collaborative learn-
ing (learning across semesters/years and disciplines) available anytime and anywhere.

In addition to the development of new e-learning resource to enhance learning,
evaluation and comparison of these resource to conventional/traditional methods of
learning is equally important. In dentistry, e-learning has been previously found to be
equally [6,15–17] or more effective [18–20] than traditional methods. However, some stud-
ies have significant limitations with respect to the method of assessment employed [18],
and none of the aforementioned studies have investigated the impact of clinical case-based
learning in dentistry on the knowledge acquisition and retention among dental students
by employing methodology with minimal bias, thus ensuring reproducibility.

This study describes the development and evaluation of an asynchronous online clini-
cal learning resource and the subsequent evaluation of its effectiveness by a randomized
study. This study aimed to compare the knowledge acquisition and retention amongst
dental students who utilized the online asynchronous clinical learning resource to those
who underwent a lecturer-led learning session with the same content.

2. Materials and Methods
Development of the Online Asynchronous Learning Resource: “Ask the Expert”

We developed an online clinical learning resource named “Ask the Expert”. The portal
contains video-recorded clinical case discussions between a clinical supervisor/lecturer and
a student. Students are encouraged to contribute clinical cases of interest in a previously
provided case template. The case template is a PowerPoint presentation where the areas
to enter the relevant patient details and the required photographs and radiographs are
indicated. This is provided to ensure a relatively standardized format for case presentations
in the learning resource (Supplementary Material Figure S1). The student is required to
prepare the case as per the template and store it in a mobile device. Each clinical case
is discussed with a clinical supervisor/lecturer using the student’s mobile device (with
screen recording) with two additional cameras capturing the discussion (Figure 1a). One
camera focuses on the conversation between the student and the lecturer, whereas the other
camera focuses on any study models used during the discussion. The discussion between
the student and the lecturer is enhanced with the capability to draw on the clinical images
and radiographs shown in the student’s mobile device. Upon completion of discussion,
the editing team combines the data from the two cameras and the student’s recording
on the mobile device to create an interactive video-based learning resource (Figure 1b).
Self-assessment components are incorporated into each clinical case in the form of single
best answer questions (Figure 1c). At the end of each recorded session, the student is asked
to reflect briefly on the discussion with the expert with respect to what they learned. This
is included at the end of each video. Further, a forum is created for each case, which is
accessible to other students and internal experts for review and discussion. Students and
faculty are able to access this anywhere and anytime by scanning a QR code.

142



Healthcare 2021, 9, 1420
Healthcare 2021, 9, x 3 of 11 
 

 

 
Figure 1. (a) Video recording of the case discussion; (b) interactive video-based learning resource; 
(c) self-assessment. 

At the preliminary phase, the videos are shared with a group of 20 students to acquire 
preliminary feedback. The videos are re-edited as per student feedback into shorter seg-
ments of 1–5 min each. Self-assessment questions are provided in the initial segment be-
fore the clinical case discussion commences for each case. When answered incorrectly, 
students are directed to the section of the video where the correct answer is discussed. 
The learning resource is a learning bank for clinical cases covering a variety of cases in 
restorative dentistry. Each case has different learning outcomes, and the self-assessment ques-
tions are created from the recorded discussion and then incorporated into the resource. 

To evaluate the educational impact of this learning resource, students in years 3 and 
4 at the School of Dentistry at the International Medical University, Kuala Lumpur, Ma-
laysia, were invited to participate in the study. The primary outcome of the study was to 
identify any difference in test scores between the two modes of learning. Ethical approval 
for the study was obtained from the Joint Committee on Research and Ethics at the 

Figure 1. (a) Video recording of the case discussion; (b) interactive video-based learning resource;
(c) self-assessment.

At the preliminary phase, the videos are shared with a group of 20 students to acquire
preliminary feedback. The videos are re-edited as per student feedback into shorter
segments of 1–5 min each. Self-assessment questions are provided in the initial segment
before the clinical case discussion commences for each case. When answered incorrectly,
students are directed to the section of the video where the correct answer is discussed.
The learning resource is a learning bank for clinical cases covering a variety of cases in
restorative dentistry. Each case has different learning outcomes, and the self-assessment
questions are created from the recorded discussion and then incorporated into the resource.

To evaluate the educational impact of this learning resource, students in years 3 and 4
at the School of Dentistry at the International Medical University, Kuala Lumpur, Malaysia,
were invited to participate in the study. The primary outcome of the study was to identify
any difference in test scores between the two modes of learning. Ethical approval for the
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study was obtained from the Joint Committee on Research and Ethics at the International
Medical University (Project ID: IMU 480/220). A study information sheet was provided
to the students, and the students were given a period of one week to carefully study the
information sheet. Students who participated in the creation of the online content were
excluded from the study.

The topic covered for the clinical learning session was “Aesthetic restorative dentistry”
and, specifically, restoration/replacement of teeth in the anterior aesthetic zone. The
learning levels of both the year 3 and year 4 students were assumed to be similar for
this topic.

Step 1: Pre-Test

A pre-test comprised of 10 one best answers (OBAs) of one mark each (based on the
learning outcomes) were answered by the students who gave written informed consent to
participate in the study.

Step 2: Randomization

Subsequently, the students were randomized into two groups, namely Group A (Ask
the Expert group) and Group L (Lecturer-led group), by a simple cluster randomization
technique. The allocation ratio was 50:50; however, only students who were interested in
participating were asked to enroll. The random sequence was computer generated from a
random number table. Hence, there was a difference in the number of groups. Consent to
participate is an important consideration, especially in education research where students
are vulnerable, which was maintained in this context. The learning outcomes and content
for the topic were kept standard for both groups to eliminate bias.

Step 3: Intervention

Both the groups underwent the test concurrently during a commonly scheduled time.
Group “Ask the Expert” (A; Online asynchronous learning)—30 students
Students in this group were able to access the online asynchronous learning resource

“Ask the Expert” by using a login ID and password, which were provided for each student
in the group for 60 min. The resource was uploaded with three clinical cases for the test.
The students used the source independently and were not facilitated by a lecturer.

Group “Lecturer” (L; Lecturer-led learning)—27 students
An online synchronous session over Microsoft TEAMs was conducted by a single

lecturer with the same clinical cases and content as for Group A for 60 min. The lec-
turer shared the cases as static PowerPoint slides with the group. After the case was
presented, the lecturer instructed the students to answer questions in an OBA format for
self-assessment (same as those included in the self-assessment for Group A). This was
followed by a discussion between the students and the lecturer regarding the clinical case.
The lecturer maintained the discussion similar to the content in Group A, ensuring that the
content delivery was standardized. The session was recorded.

Both the online asynchronous session for Group A and the online synchronous session
for Group L were conducted concurrently.

Step 4: Immediate post-test

Upon completion of the sessions, an online test was conducted for both groups
concurrently, where 10 OBAs were to be answered in 20 min. This was the immediate
knowledge acquisition test. The questions used in the immediate knowledge acquisition
test were the same as in the pre-test.

Step 5: Retention Test

Both groups were provided with additional reading material including journal articles
related to the topic covered. One week after the immediate test, a retention test was
conducted for both groups (10 OBAs in 20 min). The questions in the retention test were
new questions that included content discussed in the earlier session and information from
the shared reading material. However, the newly prepared questions were aligned with
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the learning outcomes. The primary outcome of the study was to identify any difference in
test scores between the two modes of learning.

After the completion of the retention test, all the students were provided access to the
asynchronous clinical learning resource “Ask the Expert” and the recorded synchronous
sessions to ensure fairness.

Step 6: Student feedback and evaluation of the “Ask the Expert” resource

Student feedback was obtained using a previously validated questionnaire [16]. Vari-
ous Likert scales were used to test the students’ beliefs about acceptability (Q1), effective-
ness (Q2–5) and learning preferences (Q6–7). A section was provided for open comments.

3. Results

The average time taken for the development of a clinical case as a learning resource
was calculated to be 180 min. The time calculated included the contribution by the
student, the lecturer and the personnel involved in editing and uploading the content
(Supplementary Material, Figure S2).

The mean and standard deviation of the scores in the pre-test, immediate post-test
and the retention test obtained by the students with the pertinent analysis are depicted
in Table 1.

Table 1. Test scores from the pre-test, immediate post-test and retention test.

Test Group Mean Standard Deviation p Value, t test

Pre-Test
A 5.61 1.34

0.406L 5.22 1.57

Immediate Post-Test
A 7.42 1.34

0.395L 8.04 1.22

Retention Test
A 5.36 1.29

0.788L 5.33 1.39

The distribution of the scores for both groups are provided in Supplementary Material,
Figures S3 and S4.

There was no significant difference in the test scores at baseline (pre-test) between
the two groups (Group A—5.61 ± 1.34, Group L—5.22 ± 1.57; independent sample
t-test, p = 0.406). There was a significant increase in the test scores for both groups
when comparing the pre-test and immediate post-test scores (Group A—7.42 ± 1.34,
Group L—8.04 ± 1.22; paired t-test, p < 0.001). No significant difference was observed in
the test scores when comparing Group, A to Group L for the immediate post-test scores
(independent sample t-test, p = 0.395).

We did not find a significant difference when comparing the pre-test scores to the
scores of the retention test (Group A—5.36 ± 1.29, Group L—5.33 ± 1.39; paired t-test,
p > 0.05). No significant difference was observed in the test scores when comparing Group
A to Group L for the scores in the retention test (independent sample t-test, p = 0.788).
The distribution of the scores for both groups for the pre-test and immediate post-test are
depicted in (Supplementary Material Figures S1 and S2).

The questions used for all the tests are provided as Supplementary Material, Figure S5.
Student feedback was obtained in the domains of acceptability of the learning resource,

and its effectiveness and the learning preferences of the students are depicted in Table 2.
A total of 52% of the students (30/57) responded to the questionnaire. All the respon-
dents found the method to be acceptable; 93% of the respondents rated the resource as
good/very good, and 87% of the respondents indicated that the resource stimulated them
to explore the topic further. A total of 60% of the respondents found the method to be time-
efficient, 30% were neutral in relation to this question and 10% did not find the resource to
be time-efficient.
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Table 2. Student feedback.

Domain Question Possible Responses No. of Respondents/Student Response

Acceptability Was the method acceptable to you? Yes 30, 100%
No 0

Effectiveness

How would you rate this method?

Very Good 7, 23%
Good 21, 70%

Neither 2, 7%
Bad 0

Very Bad 0

The method was time-efficient?

Strongly Agree 3, 10%
Agree 15, 50%

Neutral 9, 30%
Disagree 3, 10%

Strongly Disagree 0

The method stimulate you to look up the
topic further

Strongly Agree 3, 10%
Agree 23, 77%

Neutral 4, 13%
Disagree 0

Strongly Disagree 0

Would you recommend this method?
Yes 19, 63%
No 0

Maybe 11, 37%

Learning preferences

Which method do you usually use to learn?

Books 18, 60%
Journals 4, 13%

E-learning 1, 3.5%
Internet 6, 20%
Others 1, 3.5%

Which method do you prefer the most?

Lecture 21, 70%
Seminar 0

E-learning 1, 3%
Private study 5, 17%

Other 3, 10%

Student feedback Open comments and feedback Open comments
“Good and effective”
“Good intervention”
“Proper guidance”

A total of 63% of the respondents indicated that they would recommend the resource,
while the rest remained neutral on this question; 60% of the respondents mentioned that
they prefer learning from books, while 37% indicated online resources as the preferred
method. A total of 70% of the respondents mentioned lectures as the preferred method,
with the remaining indicating private study, e-learning and other methods.

4. Discussion

The need for the development of an online asynchronous clinical learning resource
emerged from the inability of faculty and students who were not participants in a clinical
case discussion to learn from and more importantly contribute to the discussion. A key fac-
tor which dictated the demand was feedback from students regarding lack of opportunities
to learn from clinical cases being treated by their peers in different cohorts.

Provision of a standard case template was deemed necessary to enable standardization
of presentation of cases and minimize preparation time. The students were encouraged to
volunteer and share their own cases for discussion. Clinical learning may become more
meaningful for dental students when they delve into their own experiences or clinical
cases and learn from the content. This approach aligns with the theory of constructivism
initially worked on by John Dewey, which proposes that learning is inherently related to
action-knowledge, and when students extract learning from their own experiences, it may
provide more meaning and significance to the learning [21]. Moreover, learning from one’s
own cases and cases treated by peers and faculty in the institution may lend a dimension
of authenticity to the learning process, which may be absent in routine learning from the
internet or textbooks.
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The video-recorded case discussion with the expert marks the next step in the devel-
opment of resource for clinical case learning. Interaction with the experts contributes to the
learning process, where students are exposed to the thinking process of the expert during
decision making. This mode of learning aligns with the concept of social constructivism
emphasized by Jean Piaget and Lev Vygotsky. Profounder understanding may be achieved
by the discussion, increasing the ability of the students to test their own ideas and synthe-
size and analyses the ideas of others [22,23]. Expert–student dialogue has been previously
shown to enhance retention of knowledge and stimulate thinking in undergraduate dental
students [24]. With respect to competency assessment in dentistry, expert–student dialogue
has been previously shown to result in higher confidence and preparedness, leading to
diminished uncertainty and stress. The aforementioned have been reported to contribute
to the development of higher-order thinking and a broader clinical experience [25].

Self-assessment in the form of one best answers was incorporated at the commence-
ment of each clinical case, and the same questions re-appeared after the segment of the
video in which the answer to the question was discussed by the expert. Self-assessment
has been previously established as an integral component of student learning through
various studies conducted in dentistry [26–32]. Self-assessment may enable the students to
understand and gauge their thinking and devise strategies to improve in this domain.

Another key element of each clinical case recording was a section on student reflection,
where the student reflects on the learning after the completion of the discussion with the
expert. After the video recording, the student summarizes and reflects on the discussion
with the expert briefly. Reflective learning enables the student to critically review their
own experience [33] and connect their current experience with previous learning and build
on deeper learning. The incorporation of reflection as a component in the video segment is
likely to facilitate deeper learning and critical thinking [34]. Observing a peer performing a
reflective discourse (when other students watch the video) gives an opportunity for other
students to reflect on and compare their own thought process while critically evaluating
the clinical case. Further, the students and faculty may utilize the interactive forum to
contribute to a discussion on the clinical case and share their views and experience. This
helps to create an avenue for transparency in decision making in the institution and sharing
of evidence-based resources in support of the decision or otherwise. Apart from internal
faculty, external faculty when visiting as external examiners were also invited to participate
in the clinical case discussion. This facilitated collaborative learning with faculty from an
external university and hence provided a unique opportunity for the students.

It takes time, effort and money to generate computer-assisted learning (CAL) tools [35,36].
The development of a completed clinical case video takes 3 h. This includes contribution
time from all the contributors, students, faculty and the e-learning department. The
reusable learning object thus developed can be used by students and faculty anywhere
and at any time and provides unique advantages. Sharing of learning resources and co-
operation between universities can lead to economic advantage in the long run. CAL
enables standardization of learning material delivery as compared to traditional meth-
ods of teaching, which involve different lecturers. Further, improving the interactivity,
repeatability and feedback in the CAL program may increase their effectiveness. Real-time
feedback and increased interactivity has previously been shown to enhance learning [37,38].
Interactivity incorporated into a CAL program might even be better in holding a student’s
attention when compared to traditional methods. Considering the advantages of CAL, new
strategies to incorporate these into the curriculum and hence augment/replace conven-
tional teaching should be deliberated.

The randomized study was conducted to evaluate the effectiveness of the current
resource in teaching a topic in aesthetic restorative dentistry: “Replacement of teeth in
the anterior aesthetic zone”. Two cohorts were invited to participate in the study, and the
current learning levels of both the cohorts were assumed to be similar for the specified
learning outcome. There may be differences in the knowledge levels of year 3 and 4 stu-
dents; however, the scope of the learning resource is aligned for all clinical semesters and
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hence addresses topics with considerable overlap. The scores from the pre-test were not
significantly different for both groups, and hence the assumption of baseline comparability
was confirmed. Previous studies in dentistry comparing an e-learning intervention to a
traditional method of learning have practiced this approach of conducting a pre-test to
ensure homogeneity between the groups being compared [15,19,20,39], and out of these
three studies used the same questions for the pre-test and immediate post-test as in the
current study [15,20,39]. Ensuring the comparability between the groups at baseline is
important to ensure homogeneity, particularly since the students belong to two different
cohorts. Clinical learning during year 3 and year 4 involve topics which may be of interest
and aligned with the learning outcomes for students across the semesters/years. Conven-
tionally, clinical learning may inadvertently be restricted to a particular semester/year due
to the allotment of clinical sessions or case-based learning sessions as per the scheduled
timetable. This creates a situation where learning may occur in isolated bundles with
inaccessibility for the other cohorts, even though the learning may be relevant to them.
The creation of an online asynchronous learning resource was hence aimed at creating
unbundled learning, which spans across faculty/students in the institution and beyond.
There was a significant increase in the test scores at the immediate post-test, which was
conducted immediately upon completion of the session for both groups. Hence, we con-
cluded that both the asynchronous learning resource and the synchronous session with a
lecturer were equally effective in delivering the learning outcomes for the session. How-
ever, no significant difference was found when comparing the scores between the two
groups. Previous studies that have evaluated the effectiveness of e-learning and compared
it with other forms of learning have yielded mixed results. Overall, e-learning is either
equally [6,15–17] or more [18–20] effective than traditional methods of teaching. However,
the use of different methods of assessment for the two groups as undertaken by Eitner
et al. is a significant limitation of the study [18]. It is interesting to note that two [18,20]
out of three studies in which e-learning had significantly better outcomes than traditional
learning had an element of enhanced interactivity in the e-learning tool in the form of
assessments and feedback. It is beneficial to assess both short-term knowledge acquisition
and long-term retention in the same cohort, as the examinations and real test of what the
student has learned is spaced out by time [6,19,39]. The finding from the study conducted
by Silveira is also significant, as it indicates that knowledge retention regarding identifica-
tion of cephalometric landmarks are significantly better after two weeks when compared
to conventional learning [19]. Contrary to this finding, we did not find a significant in-
crease in test scores for both groups at the retention test, which was conducted after one
week. This may be explained by the fact that we used newly framed questions that were
also based on the reading material provided to both groups after the immediate post-test.
Nevertheless, the key finding was that there was no significant difference between the two
groups when comparing the scores of the retention test, hence suggesting that the online
asynchronous learning resource performed at par with the online synchronous learning
session. It is interesting to note that the retention test scores were almost the same as the
pre-test scores. This can be attributed to the fact that the questions in the retention test
were formulated from topics included in the additional learning material shared with both
groups. The students may not have adequately covered the learning material provided,
leading to the drop in scores. This may reflect the real-life situation in education, where
students need to fortify their learning with additional reading; however, they seldom do
so. Over-dependence on content from learning tools alone or lecture notes may not be
the best way to develop life-long learning skills. This could be considered as a limitation
of the study, and in the future, reminders to refer to the additional learning material and
feedback based on the exam performance may be used to motivate the learner to refer to
the material.

The response rate for the feedback survey was low and may be attributed to survey
fatigue for e-learning courses and other feedback requested by the school. The feedback on
the e-learning resource was taken after the resource was made available to both groups
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after the completion of the study to ensure fairness. Hence, intergroup comparisons were
not made. The online asynchronous resource was acceptable and received good ratings
from the respondents to the feedback survey. Most of the students gave feedback that the
resource stimulated the students to explore the topic further. There is previous evidence
that structured educational resources may develop desirable habits, linking curiosity
and inquisitiveness in the minds of learners, leading to reflection and mindfulness [40].
Interestingly, when queried about learning preferences, most students still prefer to learn
from books and through lectures. This may explain the fact that 63% of the respondents
indicated that they would recommend the learning resource and the remaining remained
neutral in their response. There is previous evidence on the superior effectiveness of
lectures over e-learning in dental education [39]. Even though significant effort is being
put into the development and validation of digital and e-learning resources, students may
use these resources more when employed as augmentation to conventional methods of
teaching and learning.

5. Conclusions

The online asynchronous clinical learning resource “Ask the Expert” was as effective
as online synchronous teaching by a lecturer for clinical case discussions in restorative
dentistry. The resource augments other modes of teaching in delivering learning outcomes
related to clinical dentistry. This offers a “reusable learning environment” that provides
unbundled learning, self-assessment, opportunity for reflection, discussion among peers
and opportunity for collaboration with collaborating universities.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
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Abstract: Social media use among students has infiltrated into dental education and offers benefits
but may also cause problems. The aim of this study was to explore and compare current social
media usage among dental undergraduate students from two countries—Malaysia and Finland.
A self-administered structured online questionnaire was used. WhatsApp, YouTube, Instagram,
Facebook and Snapchat were the services that were most familiar to the respondents from both
countries. There were differences between the students from the two countries among the most
preferred platforms. The most frequently used applications were WhatsApp (91.1% of students in
Malaysia and 96.1% in Finland used it very frequently) and Instagram (74.3% of students in Malaysia
and 70.0% in Finland used it very frequently). Students in Malaysia spent significantly more hours
per week using the platforms as study tools than students in Finland. Over 80% of the Finnish
dental students reported that lack of knowledge was not an issue in social media usage, while 85% of
Malaysian students felt that lack of knowledge prevented them from using social media platforms
frequently. The findings offer evidence that dental students used social media extensively.

Keywords: social media use; dental students; social media platforms; dental training; Malaysia; Finland

1. Introduction

In today’s digital world, most people are logged in perpetually and always connected.
Our devices have ensured that technology is “always on us and always on”! Never has
it become so easy to access information, and social media has become a major tool for
communication and seeking information. We have a multitude of interactions with others,
on topics that can be varied, and this has fused our professional and personal lives [1].

Social media is defined as “websites and applications that enable users to create
and share content or to participate in social networking.” Social media includes social
networking platforms including Facebook and Twitter and media sharing sites, for example,
YouTube and Instagram. In addition, there are other platforms like blog sites and micro-
blogging sites. Healthcare professionals use social media extensively and it was reported
that up to 90% of practicing doctors use Facebook accounts for professional or personal
use [2]. Social media platforms offer different approaches to content sharing, and this
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has wide-ranging uses in dentistry. Social media is useful not only for education and
networking, but also for marketing and recruitment. Studies in health professionals’
education have found benefits in the use of social media tools in clinical education [3].
Social media has become pervasive in society and is playing an important role in the
personal and professional lives with dentistry being no exception.

In remote study conditions during the COVID-19 pandemic, the use of digital tools
and social media platforms became imperative for medical and dental medical education for
information retrieval, sharing of learning materials, and video meetings and discussions [4,5].
These tools were often used for both academic and non-academic purposes among students
and teachers. Social media platforms were found to enhance ways of studying, allow for
learning new skills, enhance performance, foster social relationships and social support
and strengthen organizational identification [6,7].

Reports indicate that dental students use more than one social media application
with Facebook being the most used platform among students in the United States and the
United Kingdom [2–8]. The second most favored platforms were YouTube and Instagram.
Skype and YouTube were used to improve dental skills while Twitter and blogging sites
for interactions with the faculty and also to enhance communication [9].

A bibliometric study of articles published in journals indexed by the Web of Science
database found 41 studies related to social media and dentistry during the period of
2010 –2016 [10]. Most of these studies focused on the impact of social media on dental
education and professional practice. These studies emphasized the extension of the dental
curriculum to involve the teaching and learning using social media platforms. However,
these studies also highlighted the concern towards educational preparedness of future gen-
erations in the academic community, and understand the limitations of discourse produced
by social media platforms. These studies also noted the concern regarding information
mediation through social media platforms and its impact on dental education [10].

Significant differences in social trends, cultural beliefs and perceptions between Asian
and European countries can affect the use of different social media applications and other
technologies. This may also influence how these technologies are utilised by undergraduate
students in their academics.

There are some previous studies about social media and dentistry in Malaysia [11–14].
Rani et al. [13] have described how dental undergraduates were trained to use social media
for promoting oral health in the community, while Affendi et al. [11] evaluated the use of
social media for marketing by dentists. See et al. [14] investigated the support, exposure and
use of social media technologies among students, academics and administrators from both
informatics and non-informatics undergraduate programs in Malaysia. In addition, internet
addiction among dental students was also studied [12]. To our knowledge, there are no
published studies about social media usage among Finnish dental or medical students.

The main purpose of our study was to compare the social media usage among dental
undergraduate students from two countries Malaysia and Finland. This comparative study
between similar cohorts of students from two different countries from two continents will
help to estimate the extent and nature of social media use among undergraduate dental stu-
dents. In addition, the study will provide suggestions for social media training in the dental
curriculum. In this article, empirical data focused on the following research questions:
How familiar are students with social media platforms? How often do students use social
media services? How competent are the students at using social media services? How
many hours do students spend using social media platforms as part of dental education?
What factors encourage or prevent students to use social media?

2. Materials and Methods
2.1. Study Design and Data Collection

This was a cross-sectional online questionnaire survey conducted among dental under-
graduates of the academic year 2020–2021 from two dental schools in Malaysia (Manipal
Melaka Medical College and University of Malaya) and Finland (the University of Helsinki
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and University of Oulu) each. Ethical approval to conduct this study was obtained for
the institutions in Malaysia; Medical Ethics Committee, Faculty of Dentistry, University of
Malaya [DF CD2105/0015 (L)] and Research Ethics committee, Faculty of Dentistry, Melaka
Manipal Medical college [MMMC/FOD/AR/E C-2021(F-01)] prior to commencement
of the study. According to the guidelines of the Ministry of Education and Culture in
Finland, survey studies with anonymous questionnaires do not need approval from an
ethics committee.

The instrument used was a questionnaire modified from a previous study among
dental students in the USA [15]. The validated questionnaire assesses social media usage
among medical undergraduates. Twelve items from the questionnaire were used to assess
social media usage and the perceptions of social media usage in relation to dentistry/dental
practice. Questionnaire items had three sections; Part A consisted of five questions regard-
ing the demographic characteristics of the participants. Part B had six items regarding
their familiarity, competence, time spent on various social media platforms and factors
that encouraged and discouraged students from using social media. Part C had one item
which addressed practice and perceptions regarding social media use in dentistry. Most
questions required responses on a 4-point or 5-point Likert scale. The updated version of
the questionnaire is included as the Supplementary Materials.

In Malaysia, the English questionnaire was pre-tested on a sample of five students in
different years of the dental undergraduate programme at the Manipal Melaka Medical
College and University of Malaya to check for semantic comprehension. Only minor
modifications were made to the questionnaire following feedback from the pre-test. The
questionnaire was translated into Finnish. In Finland, five dental students also pretested
the first Finnish version. Based on their feedback, minor changes were made to improve
the language and to clarify the purpose of the questions. The final questionnaire was
administered using Google Forms from March 23rd, 2021, to April 11th, 2021, in both
countries, the link being circulated via email and WhatsApp to student representatives of
each year of study who then forwarded it to their classmates.

All dental undergraduates who received the online survey link were invited to partici-
pate in this study. In the online Google form, all the participants were asked to declare that
they had read the participant information sheet (PIS) and voluntarily give consent for data
collection and processing. If they refused consent, the questionnaire was closed. Inclusion
and exclusion criteria were specified in the PIS. The survey was anonymous and did not
include personal sensitive data.

For the estimation of sample sizes, we selected the time spent using social media as the
outcome variable. The following formulas with finite population correction for proportions
were used to estimate the minimum sample sizes in Malaysia and Finland:

n0 =
z2

α/2 p(1 − p)
e2 (1)

and
n =

n0N
n0 + (N − 1)

(2)

where n = required minimum sample size, n0 = Cochran’s sample size for large populations,
N = available number of students (years 1–5) (population size), e = maximum error in
estimation, p = proportion of the outcome variable (more than 15 h a week), p(1 − p) = variance
of the outcome variable, z2

α/2 = 1.96 for 95% confidence limit [16,17].
Setting maximum error to 5%, presuming that 50% of the student population have

the outcome proportion of using more than 15 h a week social media and estimating
that the population size N = 3250 in Malaysia, the minimum number of participating
students should be at least 344 in Malaysia. Currently, there are about 1000 dental students
(years 1–5) in Finland. So, the required sample size was 278 students in Finland.
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2.2. Data Analysis

Tabular and graphical displays of data were used as the main tools of data presenta-
tion and analysis. The frequency and percentage distributions of participant characteristics
(age, sex, year of study, and hours a week using social media) were presented for students
from Malaysia and Finland. Percentage distributions were used to estimate the proportions
of responses to questions “How familiar are you with each of the following social media
services?”, “How often do you use each of the following social media services?”, “Approxi-
mately how many hours a week do you spend using the following social media services as
part of your dental education?”, and to question “How competent are you with each of the
following social media services?” by country. We also compared the percentage distribu-
tions of students using very frequently the five most popular social media platforms and
how competent they felt using these platforms by age, sex and year of dental school. In
addition, frequency and percentage distributions of factors that encouraged or prevented
students to use social media platforms were presented. Statistical significance of differences
between Malaysian and Finnish student groups and basic characteristics were evaluated
using a chi-square test with exact p-values. Among applications, we also evaluated the
relationship between overall high use, competence at using and use in dental education
using Spearman’s rank correlation coefficient (rho). The data satisfactorily fulfilled the
underlying assumptions and preconditions of the applied analysis methods. All statistical
analyses were performed using IBM SPSS Statistics software (version 26) and Origin 2020
graphing software.

3. Results
3.1. Participants

A total of 613 students participated in this study. Table 1 shows the distribution of
age, sex, year of dental school and hours per week using social media by country. Most of
the participants were female in both countries. The student groups were quite different in
terms of age and year of dental school. In particular, the Malaysian students were younger
than the Finnish dental students. Most of the students spent more than 11 h per week using
social media. Almost 75% of the Finnish dental students reported that they used social
media at least 11 h per week.

Table 1. The frequency and percentage distributions of basic characteristics among dental students from Malaysia (n = 440)
and Finland (n = 203).

Country p-Value of
Exact Chi-Square TestMalaysia Finland All

Characteristics n (%) n (%) n (%)

Age <0.001
20 years or younger 70 (17.0) 12 (5.9) 87 (13.5)

21–23 years 250 (56.8) 56 (27.6) 306 (47.6)
24–26 years 114 (25.9) 69 (34.0) 183 (28.5)
27–29 years 1 (0.2) 38 (18.7) 39 (6.1)

30 years or above 0 28 (13.8) 28 (4.4)
Sex >0.999

Male 103 (23.4) 47 (23.2) 150 (23.3)
Female 337 (76.6) 156 (76.7) 493 (76.7)

Year of dental school 0.038
First 70 (15.9) 39 (19.2) 109 (17.0)

Second 78 (17.7) 54 (26.6) 132 (20.5)
Third 79 (18.0) 33 (16.3) 112 (17.4)

Fourth 108 (24.5) 42 (20.7) 150 (23.3)
Fifth 105 (23.9) 35 (17.2) 140 (21.8)

Hours a week using social media <0.001
Do not use 1 (0.2) 2 (1.0) 3 (0.5)

Less than 5 h 51 (11.6) 7 (3.4) 58 (9.0)
6–10 h 114 (25.9) 42 (20.7) 156 (24.3)
11–15 h 81 (18.4) 62 (30.5) 143 (22.2)
16–20 h 76 (17.3) 44 (21.7) 120 (18.7)

More than 20 117 (26.6) 46 (22.7) 163 (25.3)
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3.2. Familiarity with Social Media Platforms

Most of the students were familiar with several applications (Figure 1). WhatsApp,
YouTube, Instagram, Facebook and Snapchat were the most familiar services to the re-
spondents from both countries. All Malaysian and Finnish students were familiar or very
familiar with WhatsApp. In addition, all Finnish students were at least familiar with
YouTube and Facebook. The number of students not familiar with YouTube or Instagram
was also minimal. Only two students from Malaysia reported that they were not familiar
with YouTube. Seven Malaysian students and one Finnish student reported that they had
heard about Instagram but were not sure of its purpose. Students in Malaysia were more
aware of Telegram, WeChat and Weibo than students in Finland. Respectively, the Finnish
students were more familiar with Facebook, Snapchat, Jodel and LinkedIn.
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Figure 1. Percentage distributions of responses to question “How familiar are you with each of the following social media
services?” by country. Data include dental undergraduate students from Malaysia (n = 440) and Finland (n = 203). Statistical
significances between countries evaluated by exact chi-square test are as follows: 0.059 (Instagram), 0.054 (Tumblr), 0.002
(YouTube), <0.001 (all other services).
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3.3. Reported Frequency of Social Media Use

Figure 2 shows that all students reported using more than one social media platform
at least regularly. WhatsApp was the most commonly used, all students used it at least
regularly, 91.1% very frequently in Malaysia and 96.1% in Finland. Instagram was the
second most frequently used platform, 74.3% used it very frequently in Malaysia and
70.0% in Finland. Students in Malaysia were more likely to use YouTube, Telegram, Twitter,
Google+ frequently or regularly than those in Finland. The Finnish students were more
likely to use Snapchat and Jodel compared to students from than in Malaysia. Most of the
respondents in our survey had never used WeChat, Tumblr, LinkedIn, or Weibo.
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Figure 2. Percentage distributions of responses to question “How often do you use each of the
following social media services?” by country. Data include dental undergraduate students from
Malaysia (n = 440) and Finland (n = 203). Statistical significances between countries evaluated by
exact chi-square test are as follows: 0.304 (LinkedIn), 0.294 (WhatsApp), 0.118 (Pinterest), 0.014
(Tumblr), 0.002 (Facebook), <0.001 (all other services).
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We also analysed the associations of background characteristics with the frequency of
social media usage. For this analysis, we included only the five most popular platforms
presented in Figure 2 and the analyses were stratified by country. Table 2 shows the
proportions of respondents using frequently these basic student characteristics. The age of
students was not associated with the frequent use of these services in Malaysia. However,
younger students used Instagram and Snapchat more frequently than older students
in Finland.

In Malaysia, male participants were more likely to report very frequent use of Facebook
than female participants (45.6% vs. 27.9%). In Finland, male students were more likely to
report using very frequently YouTube than females (51.1% vs. 12.8%) and female students
used Instagram (77.6% vs. 44.7%) or Snapchat (55.1% vs. 38.1%) more often than males.
Year of study was not associated in either country with the very frequent use of the
platforms (Table 2).

Table 2. Percentage of students using very frequently the five most popular social media platforms by age, sex and year of
dental school. Data include dental undergraduate students from Malaysia (n = 440) and Finland (n = 203).

Platform
WhatsApp YouTube Instagram Facebook Snapchat Number of

StudentsCharacteristics % % % % %

Malaysia
Age p = 0.725 p = 0.556 p = 0.778 p = 0.333 p = 0.185

20 years or younger 90.7 66.7 77.3 26.7 33.3 75
21–23 years 90.4 59.6 72.8 32.4 26.0 250
24–26 years 93.0 57.9 75.4 34.2 24.6 114
27–29 years 100.0 100.0 100.0 100.0 100.0 1

30 years or above - - - - - 0

Sex p = 0.073 p = 0.135 p = 0.369 p = 0.001 p > 0.999
Male 86.4 67.0 70.9 45.6 27.2 103

Female 92.6 58.5 75.4 27.9 27.0 337

Year of dental school p = 0.462 p = 0.109 p = 0.304 p = 0.629 p = 0.524
First 92.9 65.7 77.1 27.1 30.0 70

Second 92.3 70.5 76.9 37.2 21.8 78
Third 88.6 59.5 64.6 30.4 22.8 79

Fourth 88.0 51.9 75.9 29.6 31.5 108
Fifth 94.3 59.0 76.2 35.2 27.6 105

Finland
Age p = 0.184 p = 0.214 p = 0.025 p = 0.860 p < 0.001

20 years or younger 83.3 16.7 83.3 16.7 75.0 12
21–23 years 98.2 14.3 78.6 32.1 82.1 56
24–26 years 97.1 24.6 63.8 33.3 49.3 69
27–29 years 94.7 18.4 78.9 31.6 39.5 38

30 years or above 96.4 35.7 50.0 32.1 0.0 28

Sex p > 0.999 p < 0.001 p < 0.001 p = 0.107 p = 0.047
Male 95.7 51.1 44.7 21.3 38.3 47

Female 96.2 12.8 77.6 34.6 55.1 153

Year of dental school p = 0.131 p = 0.285 p = 0.509 p = 0.400 p = 0.155
First 89.7 23.1 66.7 23.1 56.4 39

Second 98.1 14.8 66.7 27.8 61.1 54
Third 93.9 18.2 75.8 30.3 48.5 33

Fourth 100.0 21.4 78.6 35.7 50.0 42
Fifth 97.1 34.3 62.9 42.9 34.3 35

Statistical significances evaluated by exact chi-square test for each platform.
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3.4. Perceived Competence of Social Media Use

Both Malaysian (99.6%) and Finnish (100.0%) students reported that they were highly
competent or competent in using WhatsApp (Figure 3). We found some substantially
significant differences in the reported competencies between students from Malaysia and
Finland. More Malaysian students declared that they were highly competent in using
YouTube, Instagram, Telegram, TikTok, Twitter and Google+. On the other hand, the
Finnish respondents declared more often than they were highly competent using Facebook,
Snapchat and Jodel. Figure 3 also shows that the majority of the students do feel that they
are beginners or not at all competent in using Tumblr, LinkedIn or Weibo.
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Figure 3. Percentage distributions of responses to question “How competent are you with each
of the following social media services?” by country. Data include dental undergraduate students
from Malaysia (n = 440) and Finland (n = 203). Statistical significances between countries evaluated
by exact chi-square test are as follows: 0.426 (WhatsApp), 0.105 (Pinterest), 0.080 (Tumblr), 0.003
(Snapchat), <0.001 (all other services).
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Table 3 shows the proportions of self-reported high competence in using the most
preferred social media platforms by basic student characteristics and stratified by country.
Sex was associated with the reported competence of using the most commonly used
applications. Female students in both countries are more likely reported to be highly
competent using popular social networking sites than males. In Malaysia, no substantial
difference between males and females was found only in the self-reported skill of using
Facebook. In Finland, males and females reported similar highly competent only in the use
of YouTube. Year of study had little influence on the self-reported competence of using the
most common platforms (Table 3). However, our analysis indicated that age was associated
with the perceived high competence differently in Malaysia and Finland. In Malaysia,
younger dental students felt less often highly competent with YouTube and Facebook.
In Finland, younger students reported more likely that they were highly competent in
applying Instagram and Snapchat.

Table 3. Percentage of students reporting high competence in using the five most commonly used social media platforms
by age, sex and year of dental school. Data include dental undergraduate students from Malaysia (n = 440) and Finland
(n = 203).

Platform
WhatsApp YouTube Instagram Facebook Snapchat Number of

StudentsCharacteristics % % % % %

Malaysia
Age p = 0.774 p = 0.040 p = 0.537 p = 0.009 p = 0.294

20 years or younger 88.0 78.7 78.7 32.0 49.3 75
21–23 years 84.4 69.6 73.6 44.8 40.8 250
24–26 years 86.0 60.5 69.3 54.4 39.5 114
27–29 years 100.0 100.0 100.0 100.0 100.0 1
30–35 years - - - - - 0

Sex p = 0.001 p = 0.010 p < 0.001 p > 0.999 p = 0.255
Male 74.8 58.3 56.3 45.6 36.9 103

Female 88.7 72.1 78.6 45.1 43.6 337

Year of dental school p = 0.347 p = 0.013 p = 0.313 p = 0.142 p = 0.430
First 88.6 81.4 80.0 32.9 45.7 70

Second 88.5 78.2 79.5 46.2 44.9 78
Third 84.8 64.6 68.4 41.8 34.2 79

Fourth 79.6 63.9 71.3 50.0 46.3 108
Fifth 87.6 61.9 70.5 50.5 39.0 105

Finland
Age p = 0.015 p = 0.079 p = 0.009 p = 0.322 p < 0.001

20 years or younger 75.0 50.0 66.7 41.7 66.7 12
21–23 years 91.1 44.6 71.4 55.4 78.6 56
24–26 years 94.2 50.7 65.2 63.8 66.7 69
27–29 years 89.5 23.7 57.9 57.9 42.1 38
30–35 years 71.4 35.7 32.1 42.9 10.7 28

Sex p = 0.009 p = 0.867 p < 0.001 p = 0.001 p = 0.019
Male 76.6 40.4 31.9 34.0 42.6 47

Female 91.7 42.3 69.9 62.8 62.2 156

Year of dental school p = 0.568 p = 0.659 p = 0.339 p = 0.529 p = 0.311
First 87.6 38.5 61.5 43.6 56.4 39

Second 87.0 44.4 61.1 59.3 59.3 54
Third 97.0 51.5 75.8 60.6 72.7 33

Fourth 85.7 40.5 52.4 57.1 52.4 42
Fifth 85.7 34.3 57.1 60.0 48.6 35

Statistical significances evaluated by exact chi-square test for each platform.
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3.5. Reported Frequency of Social Media Use for Dental Education

Participants were also asked about the time (hours per week) they spent using social
media sites as part of their dental education (Table 4). Frequency and percentage distri-
butions by country show that there were statistically significant differences between the
countries among the most preferred platforms. For most applications, students in Malaysia
spent more hours per week using the platforms as study tools than students in Finland.
Jodel was the only social media application where the Finns spent more hours per week to
manage their study assignments or tutorials.

Table 4. Frequency and percentage distributions of responses to question “Approximately how many hours a week do
you spend using the following social media services as part of your dental education?” by country. Data include dental
undergraduate students from Malaysia (n = 440) and Finland (n = 203).

Platform Country Do Not Use
n (%)

Less than 1 h
n (%)

1–5 h
n (%)

6–10 h
n (%)

More than 11 h
n (%)

p-Value of
Exact

Chi-Square test

WhatsApp Malaysia
Finland

26 (5.9)
6 (3.0)

63 (14.3)
77 (37.9)

155 (35.2)
101 (49.8)

91 (20.7)
14 (6.9)

105 (23.9)
5 (2.5) <0.001

YouTube Malaysia
Finland

19 (4.3)
35 (17.2)

104 (23.6)
101 (49.8)

204 (46.4)
53 (26.1)

71 (16.1)
10 (4.9)

42 (9.5)
4 (2.0) <0.001

Instagram Malaysia
Finland

31 (7.0)
77 (37.9)

146 (33.2)
78 (38.4)

157 (35.7)
36 (17.7)

50 (11.4)
7 (3.4)

56 (12.7)
5 (2.5) <0.001

Facebook Malaysia
Finland

187 (42.5)
62 (30.5)

140 (31.8)
124 (61.1)

75 (17.0)
16 (7.9)

22 (5.0)
1 (0.5)

16 (3.6)
0 <0.001

Snapchat Malaysia
Finland

334(75.9)
141 (69.5)

51 (11.6)
44 (21.7)

34 (7.7)
15 (7.4)

7 (1.6)
1 (0.5)

14 (3.2)
2 (1.0) 0.006

Telegram Malaysia
Finland

260 (59.1)
187 (92.1)

99 (22.5)
16 (7.9)

42 (9.5)
0

21 (4.8)
0

18 (4.1)
0 <0.001

TikTok Malaysia
Finland

304 (69.1)
173 (85.2)

58 (13.2)
24 (11.8)

38 (8.6)
3 (1.5)

18 (4.1)
2 (1.0)

22 (5.0)
1 (0.5) <0.001

Twitter Malaysia
Finland

281 (63.9)
183 (90.1)

88 (20.0)
19 (9.4)

48 (10.9)
1 (0.5)

9 (2.0)
0

14 (3.2)
0 <0.001

Google+ Malaysia
Finland

197 (44.8)
172 (84.7)

59 (13.4)
20 (9.9)

91 (20.7)
10 (4.9)

49 (11.1)
1 (0.5)

44 (10.0)
0 <0.001

Pinterest Malaysia
Finland

349 (79.3)
175 (86.2)

65 (14.8)
29 (13.8)

22 (5.0)
0

2 (0.5)
0

2 (0.5)
0 0.007

Jodel Malaysia
Finland

435 (98.9)
112 (55.2)

1 (0.2)
66 (32.5)

2 (0.5
23 (11.3))

0
2 (1.0)

2 (0.5)
0 <0.001

WeChat Malaysia
Finland

402 (91.4)
192 (94.6)

18 (4.1)
11 (5.4)

12 (2.7)
0

5 (1.1)
0

3 (0.7)
0 0.036

Tumblr Malaysia
Finland

414 (94.1)
192 (94.6)

17 (3.9)
11 (5.4)

6 (1.4)
0

1 (0.2)
0

2 (0.5)
0 0.275

LinkedIn Malaysia
Finland

409 (93.0)
176 (86.7)

19 (4.3)
27 (13.3)

11 (2.5)
0

0
0

1 (0.2)
0 <0.001

Weibo Malaysia
Finland

419 (95.2)
185 (91.1)

13 (3.0)
18 (8.9)

6 (1.4)
0

1 (0.2)
0

1 (0.2)
0 0.003

We also analysed whether students used the same social media platforms for their
personal use as well as for their educational purposes and if their perceived competence
correlated with the use of these specific platforms for dental education. Figure 4 shows a
strong association between personal and educational use of platforms in both countries. In
addition, perceived knowledge of the use of the applications was associated with their use
in educational purposes.
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in Malaysia, and (d) in Finland. Data include dental undergraduate students from Malaysia (n = 440) and Finland (n = 203).
rho = Spearman’s rank correlation coefficient.
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3.6. Encouraging or Preventing Factors to Use Social Media

Table 5 reports factors that encouraged students to use social media platforms. To stay
in touch with friends and family members was very important in both countries (77.0%
in Malaysia vs. 86.2% in Finland). However, Malaysian students valued platforms more
in connecting with old friends they had lost touch with than Finnish students. Malaysian
students found social media platforms also more encouraging in communicating about
issues related to dental training (Table 5).

Table 5. Frequency and percentage distributions of responses to questions “How important is each of the following factors
in encouraging you to use social media?” by country. Data include dental undergraduate students from Malaysia (n = 440)
and Finland (n = 203).

Factor Country
Not at All
Important

n (%)

Somewhat
Important

n (%)

Very Important
n (%)

I Don’t Use
Social Media

n (%)

p-Value of Exact
Chi-Square Test

To stay in touch with
current friends and

family members

Malaysia
Finland

5 (1.1)
5 (2.5)

91 (20.7)
23 (11.3)

339 (77.0)
175 (86.2)

5 (1.1)
0 0.006

To connect with old
friends, I have lost

touch with

Malaysia
Finland

20 (4.5)
44 (21.7)

195 (44.3)
113 (55.7)

219 (49.8)
42 (20.7)

6 (1.4)
4 (2.0) <0.001

To connect around a
shared hobby

Malaysia
Finland

61 (13.9)
33 (16.3)

200 (45.5)
89 (43.8)

166 (37.7)
75 (36.9)

13 (3.0)
6 (3.0) 0.884

To communicate
about issues relating

to dental training

Malaysia
Finland

13 (3.0)
27 (13.3)

198 (45.0)
97 (47.8)

217 (49.3)
79 (38.9)

12 (2.7)
0 <0.001

We also asked students about factors that prevented them from using social media.
Students from Malaysia reported more often reasons that they experienced important not
to use social media than students from Finland (Figure 4). Over 80% of the Finnish dental
students reported that lack of knowledge was not an issue in social media usage, while
85% of Malaysian students felt that lack of knowledge prevented them from using social
media platforms somewhat or very much. Similar differences were observed with lack
of time, lack of interest, lack of perceived value and concern about harm to professional
image (Figure 5).
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Figure 5. Percentage distributions of responses to question “How much the following reasons (factors)
prevent you from using social media?” by country. Data include dental undergraduate students from
Malaysia (n = 440) and Finland (n = 203). There were statistically significant differences (p < 0.001)
between the countries among all reasons (factors). Significances were evaluated by chi-square test.

4. Discussion

The present comparative study between Malaysian and Finnish universities was
conducted to evaluate the social media usage among dental undergraduate students. We
found that the same top five platforms (WhatsApp, YouTube, Instagram, Facebook and
Snapchat) were the most familiar services to the respondents from both countries. There
were country-specific differences among students in the familiarity and usage of the other
platforms. For most applications, students in Malaysia spent more hours per week using the
platforms as study tools than students in Finland. Malaysian students found social media
platforms more encouraging in communicating about issues related to dental training.
Finnish dental students reported more often that lack of knowledge was not an issue in
social media usage, while the majority of Malaysian students felt that lack of knowledge
prevented them from using social media platforms somewhat or very much. Age and year
of dental studies were not clearly associated in either country with the frequent use of
the platforms.

Most students from both countries used social media for more than eleven hours
per week. In addition, 25.3% of the respondents used social media more than twenty
hours per week. This is not surprising but reflects the current habits of communication
among young adults. Recent studies from different fields of study have reported that
undergraduate students spent on average about three to four hours per day using social
media platforms [18–21]. These services include mainly entertainment and communication,
but also learning and searching for general information.
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Our findings reflect the global popularity of the same platforms in contemporary
society and show that most students are now heavy users of these platforms in the two
culturally different countries. Most of the participants from both countries were familiar
with WhatsApp, YouTube, Instagram, and Facebook. In a global world, students are
also aware of other several social media services, but do not necessarily use all of them.
There was a difference in the familiarity with some of the social media applications by the
students in both countries. Malaysian students were more familiar with Telegram, WeChat,
and Weibo while Finnish students were more familiar with Snapchat, Jodel and LinkedIn.
This difference could be attributed to the students being familiar with the social media
applications that are more commonly used in their region. Probably most of the students
use those applications that their peers use so that there is an ease in communication and
sharing. Jodel is a community-based social media application and is limited to its use
in Europe and part of the Middle East [22]. LinkedIn is a social platform that mainly
caters to people involved in business and has so far been very popular with the older age
group [23] and among dental professionals looking to develop connections [24]. Finnish
students being slightly older could account for their greater familiarity with LinkedIn.
Familiarity with Telegram and its usage has grown exponentially in Malaysia as it is a
popular medium to disseminate official information from Government [25]. There was no
statistically significant difference in the usage of social media based on age, sex, and years
of study in both the groups of students, though female students showed a greater tendency
to use Instagram than the male which is similar to the worldwide data [26].

When considering the prevalence of using social media services among dental stu-
dents, it is worth noting that these services have different purposes and target audiences.
For example, the students in our sample may be too old to use Snapchat, a popular chat
and communication channel for children and young people, for daily communication. On
the other hand, they are still too young and without sufficient work experience to seek new
work contacts through LinkedIn. The popularity of WhatsApp among study participants
reflects the importance of keeping in touch with friends, family members or members of
other restricted messaging groups in a convenient way (whether by text, picture or voice).
Instagram and Twitter offer channels to increase internet online visibility. Using YouTube
involves sharing your own videos and watching and commenting on other users’ videos.

It was observed that all the students had greater competency in the social media
applications they used most frequently which was primarily WhatsApp. Between both the
groups of students, the difference observed regarding competence in using social media
was the same as observed related to social media usage. Application usage by individual
increases as he/she becomes more familiar with its features and thereby feels competent
in using the application. Age of the student, year of study did not show any significance
regarding the perception of competence for using social media applications, though females
showed statistically significant competence in using Instagram, which seems to be very
popular among females [26].

Our research clearly showed that students prefer to use for educational purposes the
same platforms as they use for personal communication and online visibility. An interesting
finding was spending a greater number of hours per week on the most popular social media
applications like WhatsApp, YouTube, Instagram, and Facebook by the Malaysian students
for purposes related to their dental education. This was statistically significant compared
to Finnish students who used more hours on Jodel for the assignments or tutorials. This
contrasts with a study from Saudi where dental students preferred to use Facebook for
their learning [21].

The literature is not conclusive about the effects of social media on healthcare edu-
cation. Some studies have reported a positive impact of social media on education while
some have mentioned the reluctance of students to use social media for their education
due to perceived negative impacts [27–30]. There is a study on the use of social media for
dental health promotion [13], for dental marketing [11] and for dental education [31], as
well as a review on what has been carried out so far in literature [10]. Literature also has
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studies on the usage of social media by dental students and its effects [21,29,32], however,
in Malaysia and Finland, it is not known how dental students are using social media. It
is known that the dental students of the present cohort are digital natives, they use social
media universally and their dental education includes information retrieval studies using
online platforms [33]. In Finland, all study programs in the participating faculties require
the use of social media in different forms now. Social media is an integral part of modern
pedagogy along with other methods. The dental schools of this study in Malaysia (Manipal
Melaka Medical College and the University of Malaya) and Finland (the University of
Helsinki and the University of Oulu) follow the official guidelines for social media use and
learning these is also an elementary study content of every dental student.

Dental students from both countries considered keeping in touch with family and
friends as a very important factor that encouraged them to use social media. This is
probably why WhatsApp as a communication tool is so popular. It should be noted that
the effect of social media tools may affect soft skills such as communication and confidence
in spoken language in the future among these students.

For Malaysian students, the reasons for refraining from the use of social media appli-
cations such as lack of knowledge about a particular application of interest, lack of time,
lack of interest, lack of perceived value and concern about harmful effects on professional
image, were more important than to Finnish students. In Malaysia, as per the MCMC
report, one of the top reasons for Malaysians not using the internet in 2020 was a lack of
interest [25]. The same report also mentioned that while the majority of Malaysians’ online
activity is sending text messages to communicate and visit social media sites, sharing of
content using social media has gone up since 2018.

The extensive use of social media may have several drawbacks. Dental students should
be made aware of the quality of information that they obtain from social media [33,34].
Social media content related to education may not be evidence-based or referenced from
reliable sources since anyone can upload content that can affect not only their learning but
also the profession [21]. Using social media can be time-consuming, addictive and distract
from studying [19–21]. The social media activity of some healthcare students has also
resulted in unanticipated ethical consequences [6]. In our study, questions were not specific
to dental education and most of the questions were regarding the general use of social
media. So, it would be inappropriate to extrapolate the questions of our study to social
media use in dental learning. We will explore the disadvantages of using social media,
long-term consequences, and perceptions of e-professionalism among dental students in
our further study.

The present study used only a self-completed questionnaire and may suffer from the
disadvantages of a cross-sectional online survey. The questionnaire failed to explain the
underlying reasons for using specific platforms. In addition, the cross-sectional nature
of our study made it impossible to assess possible rapid changes in students’ use and
preferences of social media. We did not study how social media communication has
affected study engagement before and during the COVID-pandemic. Thus, we do not
know whether and how the pandemic changed students’ social media use. Future studies
will need to study trends and priorities of social media use among dental students. Another
limitation of this study should be noted. It was performed in local settings in Malaysia
and Finland. Each regional setting is unique. Despite its limited scope, our findings might
be helpful in considering the use of social media in different forms, and especially when
considering students’ attitudes, preferences, and experiences with various platforms.

5. Conclusions

This multi-institutional study provides useful information on the usage of social media
during the COVID-pandemic among dental students in two culturally different countries.
The findings offer evidence that dental students used social media extensively in both
countries. A few apps, which are popular worldwide, are widely used by students for
both personal communication and education. Regionally popular platforms bring variety
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to the social media toolbox of dental students. Extensive use of social media can also be
a distraction, especially when used for non-educational purposes. Students should be
guided if they have specific interests or lack knowledge in some respects.
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19. Eriş, H.; Havlioğlu, S.; Kaya, M. The Effect of Mobile Phone Use of Universty Students on Their Academic Success. Eur. J. Sci.
Technol. 2021, 27, 433–438. [CrossRef]
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Abstract: Due to COVID-19, tertiary institutions were forced to deliver knowledge virtually, which
proposed challenges for both institutions and students. In this study, we aimed to characterize
pharmacy students’ challenges and strategies during COVID-19 curriculum changes, therefore
developing a comprehensive understanding of students’ learning, wellbeing, and resilience in the
ever-changing situation. Data were collected from student written reflections across four year levels
at one school of pharmacy from March–May 2020. In addition, data were collected from written
responses of second-year pharmacy students responding to prompted questions. The data were
qualitatively analyzed inductively by five coders using NVivo 12. For each piece of data, two coders
independently coded the data, calculated the inter-rater agreement, and resolved discrepancies.
The most coded challenges were ‘negative emotional response’ and ‘communication barrier during
virtual learning’. The most coded strategies were ‘using new technology’ and ‘time management’.
This study allows researchers and education institutions to gain an overview of pharmacy students’
experiences during COVID-19, therefore helping universities to provide students with necessary
support and techniques on how to self-cope with COVID-19 as well as stressful events in the future.

Keywords: e-learning; healthcare education; clinical teaching

1. Introduction

At the beginning of the COVID-19 global crisis, healthcare education institutions
and their students underwent transformative change. Overnight, institutions cut place-
ments, moved small-group learning to Zoom®, and delivered education virtually. The
self-isolation and new virtual learning systems influenced students’ study and daily life,
potentially resulting in negative impacts on some students’ well-being [1,2]. For example,
a recent study in China reported that 24.9% of their medical student cohort experienced
anxiety to some degree due to social distancing and a lack of interpersonal communication
during the COVID-19 pandemic [3]. Students have reported several challenges and low
satisfaction with engaging in virtual learning during COVID-19 [1,4]. In contrast, other
authors have reported that health professions students have adapted well from the chal-
lenges and virtual learning has resulted in better attendance, engagement, and feedback as
both teaching staff and students have created various ways to cope [5,6].

Due to these varied responses to online learning, scholars have been interested in
exploring the factors that influence student satisfaction during COVID-19. Chen and
colleagues have found that student satisfaction with online learning during COVID-19 was
explained by the quality of the online platform, emotional changes, and communication
with students [4]. Chiu proposes that self-determination theory can help explain student
engagement during COVID-19 [7]. Self-determination theory encourages educators to
support student autonomy, competence, and relatedness in online learning. Satisfaction of
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three basic needs will, therefore, improve students’ behavioural, emotional, and cognitive
engagement [7,8].

The purpose of this study is to gain a comprehensive understanding of pharmacy
student benefits, challenges and strategies during the first few months of the COVID-
19 pandemic. By examining the fallout from the immediate transition from face-to-face
learning to distance virtual learning, this study contributes to a better understanding
healthcare students’ adaptability and well-being throughout the pandemic. There is limited
research on what types of strategies students have implemented in response to COVID-19′s
effect on their learning, well-being, and motivation. For example, we are extending the
work by Chiu into higher education. Additionally, this study will add to the emerging
literature of the types of benefits that COVID-19 has had on their learning and development
as future health care professionals. Insights from this study will allow healthcare education
institutions to identify necessary student supports for this current pandemic and any future
interruptions. This study will also provide an insight for future researchers during this
time of unprecedented stress on the students.

Research questions for this study as follows:
RQ1: What types of benefits did pharmacy students experience during COVID-19?
RQ2: What types of challenges did pharmacy students experience during COVID-19?
RQ3: What types of strategies did pharmacy students use during COVID-19?

2. Materials and Methods
2.1. Study Design

The study design was a qualitative case study at one university institution. Our aim
was to characterize pharmacy students’ experience during the first few months of the
COVID-19 pandemic. The study was conducted through the analysis of students’ written
reflections relevant to COVID-19 curriculum changes. In total, 774 responses from March
2020 to May 2020 were analyzed using Nvivo 12. Our six coders were guided by the
research questions to independently code students’ written responses, and a codebook was
developed based on several theories.

Previous studies have utilized software log data, questionnaires, interviews, and
more [3,4,6,7]. Though these data sources are beneficial for understanding our studied
phenomenon, we add a new perspective by analyzing students’ naturally occurring reflec-
tions. We mined students’ written reflections for what they spontaneously say affected
them during COVID-19. These responses may differ than if we asked students directly
in a questionnaire or interview. Other researchers have also mined written reflections for
insights on the effects of COVID-19 but these were conducted with a focus on educators [9]
and graduate students [10]. Findyartini and colleagues also explored health professions
students’ written reflections by looking at medical students in Indonesia [11]. Our study
provides another case-study in this area to triangulate Finyartini and colleagues’ results.

2.2. Participants and Study Context

The participants of this study included first, second, third, and fourth-year pharmacy
students studying a Bachelor of Pharmacy (Honors) and/or Master of Pharmacy at Monash
University in Melbourne, Australia. The program follows the Pharmaceutical Society of
Australia’s National Competency Standards Framework for Pharmacists in Australia [12].

The data collection occurred from March to May in 2020 following emergency educa-
tion changes due to COVID-19. A summary of changes we made are outlined in a recent
commentary [13]. Overall, the curriculum followed a standardized flipped classroom
model explained in recent investigations of our program [14,15]. For on-campus learning,
each week the students complete the following activities: (1) one day of self-directed online
learning, (2) a day of large-class interactive lectures, (3) two days of small group workshops
(one facilitator for 30 students in teams of five), and (4) a final day of “close-the-loop”
lectures to answer any question and solidify the material. Before the first few months of
COVID-19, the students attended large lectures and small group workshops in person.
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After COVID-19, these activities were shifted to Zoom conferencing technology. Some
of the lectures and workshops were shortened or replaced with interactive online mod-
ules [10]. Before COVID-19, students attended placements in hospitals and community
pharmacies, taking more responsibility each year they progressed in the program. After
the first few months of COVID-19, some placements were shifted to virtual placements
and others granted students more responsibility to assist with the increased workload at
the pharmacy.

At Monash University, all pharmacy students complete a skills coaching program. The
data for this study were collected in the context of a skills coaching program. The purpose of
the skills coaching program is for students to develop their professional skills by discussing
and reflecting upon eight professional skills: problem-solving, oral communication, written
communication, empathy, reflective practice, integrity, teamwork, and inquiry. Students are
required to attend skill coach meetings every few weeks. Before every skill coach meeting,
students write Personalized Learning Plans (PLPs) on an ePortfolio. After submitting to
the ePortfolio, a skill coach (e.g., faculty member, practicing pharmacist) provides feedback
on the students’ PLP.

2.3. Data Collection

Data were collected from two sources. The first data source was the students’ PLPs
across all year levels. The second source of data was second-year students’ written an-
swers to written prompts during a skill coach meeting discussing student challenges and
strategies related to COVID-19.

For the PLPs, students have the liberty to talk about incidents that have affected
their skills, and therefore COVID-19 was a frequent and naturally emerging topic. The
PLPs were collected from March 2020 to May 2020, following the start of the COVID-19
outbreak. From all available PLPs, we only selected PLPs which contained the following
words for this study: ‘corona’, ‘COVID-19′, ‘online’, ‘zoom’, ‘virtual’, ‘virus’, ‘lockdown’,
‘quarantine’, and ‘pandemic.’ Of the many written PLPs, there were a total of 879 PLPs that
met this inclusion criteria (i.e., contained certain words). A further 67 PLPs were excluded
by coders due to the lack of relevance with our study. Each PLP varied in length from 100
to 400 words.

In addition to the PLPs, we collected data from an in-class learning activity. Dur-
ing a skills coach meeting, second-year pharmacy students were asked prompts on a
shared Google Doc® to facilitate discussion in groups of 10-12 students and a skills coach.
The prompts were “What impacts are you seeing from COVID19?” and “How are you
supporting your well-being during this time?” We collected all available student responses—
197 responses from the first prompt and 97 responses from the second prompt.

2.4. Ethical Considerations

The Monash University Human Ethics Low Risk Review Committee approved this
study (Project ID 24477). At the Monash Faculty of Pharmacy and Pharmaceutical Sciences,
the pharmacy students are enrolled in an education research registry. Each year all students
were informed of education research projects and presented with the opportunity to opt
out of having their student data used for education research. For this study, we removed
any PLPs from students who have opted-out of the education research registry.

2.5. Data Analysis

To analyze the data, we used a directed content analysis approach according to
our three research questions [16,17]. First, we developed a codebook based on relevant
theoretical frameworks and previous literature on self-determination theory, motivational
strategies, learning strategies, and time management [18–21]. Research question two was
guided by self-determination theory. Research question three was guided by frameworks
in motivational, learning, and time management strategies. We open-coded responses for
research question one.
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Self-determination theory. Self-determination theory (SDT) is an empirically based
theory of human motivation, development and wellness [18]. In our research, SDT served
as the primary theoretical framework for coding students’ challenges, investigating how the
pandemic has been causing frustration on their three basic needs: competence, relatedness,
and autonomy [22].

Motivational strategies. Motivation refers to a student’s willingness to engage and
persist in a task. Motivational regulation strategies may be triggered when students experi-
ence problems with their ongoing level of motivation, learning, and performance [19]. The
coding was developed based on seven motivation regulation strategies identified by Maen-
paa including environment structuring, self-consequating, goal-oriented self-talk, efficacy
management, emotion regulation, regulation of value, and interest enhancement [19].

Learning strategies. The codes for learning strategies were primarily developed
from ten different types of learning strategies examined by Dunlosky and colleagues
including elaborative interrogation, self-explanation, summarization, highlighting (or
underlining), the keyword mnemonic, imagery use for text learning, rereading, practice
testing, distributed practice, and interleaved practice [20]. Ten learning techniques were
either summarized from literature indicating they might improve student performance
or surveys that students reported using them most frequently. As we aimed to identify
strategies in virtual learning, the techniques were intentionally selected as students should
be able to practice them without assistance and supervision.

Time management. Self-learning regulation models mainly focus on three perspec-
tives of managing time: planning, monitoring, and regulating [23]. Uzir et al. clearly
demonstrated that students who actively and consistently use time management strategies
were associated with higher academic performance, established the relationship between
the use of time management strategies and learning performance in blended learning of a
health science course [21].

Six coders (LL, CS, RK, GN, SM, and KL) applied the codebook to the data using
Nvivo12®. First, the six coders underwent a calibration phase by coding the data together.
During the calibration phase, the coders added emerging codes and built group agreement
for accurately coding the data. Then, five coders coded all of the second-year pharmacy
student written responses together. After the calibration phase, the PLP data set (879 PLPs)
were divided into teams of two coders. For each PLP, two coders independently coded
the PLP. During this process, pairs of coders met to calculate inter-coder reliability and
resolve their coding disagreements. The overall team of six coders met frequently to discuss
changes to the codebook and KL frequently audited all of the team’s coding output.

After coding 480 out of the 879 PLPs, the team decided it had reached a saturation
point and ceased coding. The saturation point was defined as the time when coding did
not produce any new codes and the data coded under each code was often redundant [24].
After coding had ceased, the team calculated a final inter-rater agreement rate. Following
coding, we identified themes and categories according to the established research questions.
Frequent and salient themes were reported.

3. Results

The simple inter-rater agreement rate for all codes was 80.3%. The final codebook is
included in Table 1. The results are organized according to research question.

3.1. What Types of Benefits Did Pharmacy Students Experience during COVID-19?

Although to a lesser extent than the challenges, many students discussed how COVID-
19 had resulted in positive impacts on their studies and lives. Although we did not
originally plan to investigate the benefits of COVID-19, it became an important and emerg-
ing research question. The benefits pharmacy students gained during COVID-19 depended
on their experiences. In general, students on placement during COVID-19 shared positive
practice experiences, whereas students completing remote learning benefited from ‘more
time for themselves, family, friends, and Uni’ and ‘less travel commuting’.
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Table 1. The types of benefits that pharmacy students experienced during initial COVID-19 changes.

Theme Number of References (n = ) Student Quotes

Having satisfying placement
experiences n = 27

“As such, I was able to see the positive impact of a
level-headed and knowledgeable health professional

on an anxious patient”
“This position has given me great exposure, learning

to dispense in a hospital, understand how our
healthcare system is adapting to flatten the curve
and even given me a chance to work on a COVID

ward”

Less travel commuting n = 14
“I can manage my study at my own time”

“I can catch up with Uni work because I spent less
time travelling to Uni”

More family time n = 14

“Getting to spend more time at home with family
members”

“Calling my family and friends back in Malaysia
more often”

Feeling valued and helpful
during the pandemic n = 13

“I felt a sense of responsibility in being able to juggle
assisting and being of value to the pharmacy team

during this demanding time”

Overall, of the benefit codes, having positive placement experiences was the most
frequently coded theme (n = 27 instances). For some students, their placements during
COVID-19 were the most experiential of their learning experiences. For example, one
student said, “in my time at [hospital] amidst the COVID-19 pandemic, I had my most
productive & growth-driven placement that has fundamentally changed how I approach
my patients even as a student pharmacist.” Students discussed various reasons for why
their placements were valuable during this time. Several students said they were “con-
tributing”, “helping the pharmacy” and “a part of the team”. Students also thought their
placements were interesting as they witnessed firsthand how pharmacies handled the
fallout from pandemic.

The second most frequently coded theme was less travel commuting (n = 14). Transi-
tioning to virtual learning meant some students “can manage [their] study at [their] own
time” and “catch up with uni work” because they “spend less time travelling to uni”. Some
students appreciated staying at home to enjoy more family time (n = 14), more friend time
(n = 4) and more self-time (n = 7).

3.2. What Types of Challenges Did Pharmacy Students Experience during COVID-19?

Similar to the benefits, the challenges of COVID-19 depended on the setting. We iden-
tified three main themes under challenges using SDT: Autonomy frustration, relatedness
frustration, competence frustration. However, challenges also varied whether students
were participating in virtual learning, placements, part-time pharmacy job, and a group
inquiry (i.e., research) project (See Table 2).

Autonomy frustration refers to the feeling of no choice when students are carrying
out an activity [22]. For example, students discussed in their reflections about how they
were negatively impacted by the travel ban. The travel restriction (n = 12) has particularly
impacted on the students coming from/planning to travel to the regions on the travel
ban list, resulting in ending their trips early or cancelling their future trips, especially
international students.

Competence frustration refers to feeling incapable of carrying out an activity [22]. For
example, some students were struggling with managing their time (n= 22) and keeping up
to date with their study (n = 22). Without the accountability of physically attending lectures
and workshops, some of them “found [themselves] tend to procrastinate the work and the
work [kept] piling up day by day”, and sometimes even worse, “[they] tend to forget that
[they] actually still have classes and accidentally plan [ned] something on the time slot
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when [they] should be attending classes”. Students who were unable to manage their time
generally felt “rushed”, “stagnant”, “overwhelmed” and eventually “lost in [their] study”.

Table 2. The types of challenges that pharmacy students experienced during initial COVID-19 changes.

Theme Number of References (n = ) Student Quotes

Challenges of working in
community pharmacy

(part-time job and
placement)

n = 256

“Felt overwhelmed by extra workload”
“The pharmacy I work at has become 10 times busier
than usual to the point where I have to work overtime
unpaid, and get feverish from trying to remain calm

with patients whilst maintaining empathy for our
patients”

“Some customers are frustrated, unwilling to wait and
abusive to staff members”

Emotional responses n = 147

“It has caused a lot of anxiety and frustration”
“I have also continued to maintain professionalism in
my work place as well as volunteer at the COVID-19

screening but it can be very mentally draining”
“I found it quite disheartening and confronting, as this

virus shows no rate of slowing down and its only
getting worse and worse”

Communication barrier in
virtual learning n = 68

“Due to workshops occurring online, it was much more
difficult for students to openly communicate with one

another.”
“No one really wants to talk unless asked a question”

Social isolation n = 49

“Being by myself has been a struggle because I can’t
meet my friends on weekends”

“This has been hard for me as I live alone so I feel like I
have lost all of my human interaction”

Difficulty adapting to
online environment n = 43

“I was completely lost with the new virtual learning
environment”

“I felt very uncomfortable and distracted to study with
my camera on me as it creates a feeling of under

surveillance”

Technical issues during
virtual learning n = 26

“I saw a message on top of my screen, stating that my
“connection is lost” and this was when I freaked out

even more.”

Relatedness frustration refers to a lack of sense of belonging and connection to oth-
ers [22]. As one of most coded themes, social isolation was coded 49 times (n = 49). Students
were upset with entertainment restriction (n = 5) and travel restriction (n = 12). As one
student illustrated, “while I love my alone time, finding anything to look forward to is a
challenge”. Unfortunately, a few students reported observing or personally experiencing
racism (n = 6) during their part-time job in pharmacies. Students described “unfair”, “feel
attacked”, and “upset” about the distressing incidents.

Emotional responses (n = 147). As one of the most coded themes, emotional responses
refer to any negative emotions such as stress and anxiety. The emotional responses were
related to curriculum changes, social isolation, placement and working environment
changes and the risk of getting infected during the pandemic. Some students “lost [a] sense
of routine” in virtual learning; some students “[felt] terrible about staying at home only”;
some students were “overwhelmed to attend the placement during a pandemic” and some
students were worried about serving an infected patient.

For those students participating in virtual learning, the most frequently coded theme
was communication barriers (n = 68), followed by difficulty adapting to the virtual envi-
ronment (n = 43). For some students, communication with their peers via virtual meetings
was much more difficult than face-to-face communication. One of the barriers was the lack
of body language (n = 11). The students said they “can’t see visual cues” and it was “hard
to make eye contact”, making it harder to communicate virtually. Lack of engagement
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(n = 26), motivation (n = 26), and teammate contribution (n = 19) have worsened students’
virtual learning experiences, especially with group assignments. Students complained that
they “[feel] oddly disconnected during group meetings because people tend to stay silent”
and “[they] don’t feel like [they] are learning or contributing”.

For the students that were undertaking a placement at the time, many challenges
were posed against them. This mostly included fourth-year pharmacy students who were
assigned two 4-week placement blocks. Many other students also reflected on their part-
time job in the pharmacy. The most frequently coded challenge was a busy pharmacy
(n = 63) and angry and difficult customers (n = 61). An example of a busy pharmacy
response from a student includes “this was the most busiest and strangest experience for
me in pharmacy”. In addition, they were required to supply limited stock to patients
who tried to stockpile medications (n = 45) due to stock shortage (n = 32). Many students
witnessed “the rush of medication hoarding”, which raised their concern for continuing
care as “regular elderly patients [unable] to get their medications due to low stock”. In
addition, some placement students had very limited placement exposure (n = 37) due
to COVID-19.

3.3. What Types of Strategies Did Pharmacy Students Use during COVID-19?

We identified four main categories under strategies: mental and physical wellbeing,
learning strategies, time management, and motivational strategies (See Table 3).

Table 3. The types of strategies that pharmacy students used during initial COVID-19 changes.

Theme Number of References (n = ) Student Quotes

Mental and
physical well-being n = 362

“I feel like that it is a very normal thought to have after talking
to all my friends and opening up to them about my feelings”
“Furthermore, practices of mindfulness that develop skills of
resilience to help students to alleviate stress and objectively

review the situation.”
“I will also try to reach out to a friend everyday and see how

they are doing and offer support and relief the best I can”

Learning strategies n = 285

“Eventually, I came up with the idea to work on the project via
zoom, so we worked together, tapping in and out of the

document and zoom when we needed to. This was far more
efficient than working separately and waiting for the rest of the
group members to see changes to the document and were able

to complete and submit the report a day early”
“We decided to make a group chat on messenger, making it

easier for all group members to keep updates and to
communicate with each other.’

Time management n = 172

“Given the challenge of being at home and trying to keep on top
of everything, I am going to make a timetable, that will separate

my day into blocks, one block per subject.”
“I will reflect on how effective my timetable was at the end of
each day. I will also make modifications to my timetable every
Sunday until the timetable is suitable with my current lifestyle”

Motivational
strategies n = 61

“By doing this, my stress levels will decrease since I am more
organized and I can also avoid completing my assignments at

the very last minute.”
‘It also acts as a way of keeping myself accountable in terms of
studying, as we check up on each other’s progress daily, and it
has also made me more motivated to study and stay on top of

coursework as it is the only time we get to see each other.”

Physical and mental well-being. In terms of mental and physical wellbeing, COVID-19
preventative measures was the most coded theme (n = 84). Students emphasize that they
have been practicing preventative and one student reflected, “As a pharmacist in training,
this is an important lesson to be particularly vigilant and be role models for other students,
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friends and families”. Following by COVID-19 preventative measures, virtual social
activities (n = 55) and leisure activities (n = 51) were the next two most coded themes. Some
students have planned to “reach out family and friends” every day because they believe
“stay connected” is very important during the ‘isolation period’. Meanwhile, doing leisure
activities such as “pick[ing] a new hobby”, “baking”, and “watch[ing] TV shows” took
students’ attention away from the current situation and their stress.

Learning strategies. Not every one of Dunlosky’s learning strategies was coded from
students’ reflection [20]. However, students have developed their own learning strategies
in response to virtual learning. The most frequently coded strategy from Dunlosky was
distributed practice (n = 25); implementing a schedule to spare their learning activities
evenly over time. For example, one student commented, “I just have to get into a routine
of studying during study time, while giving myself breaks so that I don’t wear out too
soon.” Most students have also employed their own learning strategies to assist with their
continued learning. Most coded strategy was the use of new technology (n = 169) (e.g.,
Google Calendar) to adapt themselves to the virtual learning environment, especially for
group communication and collaboration.

Time management. Most of the students acknowledged the importance of managing
their time appropriately, especially in independent learning. Planning time ahead (n = 107)
was one of the most coded themes in the codebook. Students implemented different tactics
of planning their time ahead of study to help them keep on track. However, only one
student mentioned evaluating use of time after the task was completed (n = 1).

Motivational strategies. Out of motivational strategies, the most frequently coded
theme was goal-oriented self-talk (n = 21), which refers to the process that students think
about various reasons for persisting or completing a task. For example, one student said,
“If I ever get into a low head space with little motivation, I will remember my goal of
wanting to help people which will put me back on track.” Students also reported that
they were motivated by peer support. Students appreciated the support from friends and
team members, motivating them to “keep [themselves] accountable in studying”. On the
other hand, some students have also employed the same strategy to encourage their team
members by “sharing how well [they] have worked so far and appreciating each member’s
contribution to the team.

4. Discussion

Our study characterized pharmacy students’ benefits, challenges and strategies during
the COVID-19 pandemic. Although previous literature has focused on students’ mental
and learning challenges during pandemic [1–3], our research results provide an overview
of both positive and negative pharmacy students’ experiences in specific contexts (e.g.,
placement, virtual learning). Overall, the transition to virtual learning was welcomed
by some students and challenging for others. In placements, students experienced novel
situations. However, students working and learning at community pharmacies experi-
enced work demands, racism and difficult patient encounters. Nonetheless, students have
implemented various strategies in order to overcome these difficulties and adapt to the
new learning environment.

Similar to previous research [1], we found that the emergency implementation of
virtual learning created new dynamics and posed new challenges for the students. In
terms of self-determination theory, many students experienced competence frustration due
to the abrupt transition to virtual learning. The competence frustration may have been
attributed to a lack of structure [25]. In this case, students no longer have the structure of
the campus, going to the library, starting their day, and hallway conversations with peers.
As a potential result, many students described their struggles with personal accountability,
procrastination, and time management. Deci and Ryan also outlined that the frustration
of basic psychological needs can thwart the autonomous motivation therefore negatively
affect the academic performance and achievement [18,26,27]. In addition to motivational
strategies, the educators might consider implementing strategies to support students’ basic
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psychological needs in virtual learning. For example, educators might consider including
students in decision-making of emergency changes to encourage student empowerment.

In particular, students cited poor-quality teamwork in virtual settings due to a lack of
effective communication, motivation, and active engagement of all team members. The
overwhelming descriptions of poor-quality teamwork is especially important considering
that these students will work in healthcare in their career. These poor-quality teamwork
experiences may discourage students from working collaboratively in the future. There-
fore, educators may need to modify their approach. Just as multiplayer games and sport
teams, group assignments requiring a strong team spirit can enhance students’ relatedness
satisfaction [8]. For example, educators may design the virtual group assignments to be
more competitive to ensure effective engagement and contribution. Additionally, it might
be necessary to consider liaising with students regarding expectations of active engage-
ment in a virtual learning environment, such as switching on the webcam during lessons.
Although previous researchers have shown that the characteristics of educators do not
significantly influence students’ learning outcomes in computer supported collaborative
learning, they are still pivotal in relieving students’ anxiety therefore improving students’
academic performance [28].

Our research findings suggest that the majority of pharmacy students did not tend to
employ learning strategies that were summarized from previous literature [20]. In a study
conducted by Wolters et al., focusing on motivational regulation strategies, Wolters also
found out that “students do not use all the types of motivational strategies equally” [29].
Although it is inspiring to see many students report developing their own strategies
to overcome challenges and adapt to the new learning environment, this may reveal
the need to educate the students on evidence-based approaches and introduce more
advanced learning and motivational strategies. Due to the nature of the data source,
the effectiveness of these self-developed strategies was not assessed. Therefore, future
research that evaluates these strategies in the context of pandemic may be required.

In contrast, some students perceived some aspects of virtual learning as advantageous
due to ease of accessibility and flexibility. Universities should apply what they learned
from the emergency delivery of virtual learning to their future offerings. For example,
our results suggest that students may prefer a combination of virtual learning on-campus
learning. However, our research did not explore the correlation between virtual learning
and academic learning outcomes and future research should continue to explore the
affordance, effectiveness and barriers of blended learning models in the new post-COVID-
19 reality. Specifically, future researchers could explore the impacts on educators, resources,
and other types of students.

In addition to the findings that are corresponding to previous literature, our results
provide an insight into the exclusive challenges faced by pharmacy students who went on
placement or were participating in part-time jobs at local pharmacies. During the COVID-
19 pandemic, some pharmacy students encountered limited placement exposure due to
COVID-19 regulations in hospitals. On the other hand, students in community pharmacies
felt that they were expected to handle excessive and unreasonable demands from customers
in community pharmacy. In these cases, students may require individualized support
from the faculty, in response to the rapidly changing placement and working environment.
For example, educators might consider assigning additional assessment to students with
limited exposure or providing additional training to students regarding how to handle
these tough situations [13]. Our research is only limited to students’ experiences, and
future research might explore faculties’ and preceptors’ perspectives.

However, some students reported only the benefits of COVID-19 on their placement
experience. These future pharmacists were able to contribute more in their placements
than if COVID-19 had never occurred. This increased participation in practice may then
contribute to students’ professional identity formation [30] and sense of belonging [31].
When students participate in real-world communities of practice, they learn theories and
skills in ways that are more readily applied in future careers [32].
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Pharmacy students in our study reported heightened negative feelings and emotions
during the pandemic, similar to a recent study by Zhai and colleagues involving medical
students [2]. Factors that contributed to the negative emotions might be related to unfamil-
iar learning environments and placement experience and universal uncertainty during the
pandemic. Many students have employed different tactics to support their mental health
throughout the hard time. However, our results show that only a handful of students have
self-reported utilizing the counselling service available at the University. Accordingly, it
may be seen as an opportunity for the educators to encourage the pharmacy students to
take advantage of the supporting services provided by the tertiary institutions. In addition
to current existing services, educators may consider developing new programs to support
students’ mental health during COVID-19 pandemic.

Our research finding suggests that autonomy and relatedness frustrations were related
to the international students and students who live far away from their families. It is well
established that the fulfilment of each basic psychological need is determinative with
regard to an individual’s daily well-being [8]. While a large number of students reported
experiencing negative emotion towards the pandemic as per our research results, specific
plans may be tailored for individuals, specifically for international students and those who
live far away from home. For example, the educators may consider scheduling group
meetings for those students and a sense of belonging can be enhanced by sharing their
experience with people in similar situations [33].

Our study was not without limitations. A limitation of our study was that we were
unable to identify the year level of each student from the data source. To better aid student
development, future researchers could evaluate the impacts and needs for each stage of
student development. Although this research provides an in-depth view of one pharmacy
cohort, any national or international policies should also account for related research in
other cohorts, professions, institutions, and countries. Further, the data source used in
this study is limited. Although analyzing student reflections reveals topics of central
importance to students, some students may have written their reflections as an academic
exercise, thereby “going through the motions” while writing their PLPs. In addition, it is
possible that some students may be more challenged to express themselves in writing than
in an interview or focus group study, whereas others may be more apt to express themselves
through written reflections. Furthermore, the research provides first-hand information on
pharmacy students’ experience in the early stage of the pandemic. However, due to the
time constraint, we were not able to follow up any possible changes over time. The future
research might compare students’ experiences in the early stage and the experiences in
the later stage to better understand how students adapt to the COVID-19 pandemic. In
addition, since the data were collected for other purposes (i.e., teaching and learning), there
was a missed opportunity to comprehensively address all of the theoretical frameworks.
For example, we were unable to explore social support factors for self-determination theory.

5. Conclusions

This study provides a high-level overview of pharmacy students’ benefits, challenges
and strategies during the initial months of the COVID-19 pandemic. Our result demon-
strated that the most coded challenges were “negative emotional response” and “com-
munication barrier during virtual learning”. The most coded strategies were “using new
technology” and “time management”. These research findings may help researchers and
educators better understand students’ well-being and adaptability during the COVID-19
pandemic. Future researchers should investigate the long-term effects of COVID-19 on
health professions students. Overall, tertiary institutions and educators may use the re-
search findings to provide support that better suits the pharmacy students’ needs in the
ongoing pandemic and any future emergency events.
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Abstract: Successful adoption of artificial intelligence (AI) in medical imaging requires medical
professionals to understand underlying principles and techniques. However, educational offerings
tailored to the need of medical professionals are scarce. To fill this gap, we created the course “AI
for Doctors: Medical Imaging”. An analysis of participants’ opinions on AI and self-perceived
skills rated on a five-point Likert scale was conducted before and after the course. The participants’
attitude towards AI in medical imaging was very optimistic before and after the course. However,
deeper knowledge of AI and the process for validating and deploying it resulted in significantly less
overoptimism with respect to perceivable patient benefits through AI (p = 0.020). Self-assessed skill
ratings significantly improved after the course, and the appreciation of the course content was very
positive. However, we observed a substantial drop-out rate, mostly attributed to the lack of time
of medical professionals. There is a high demand for educational offerings regarding AI in medical
imaging among medical professionals, and better education may lead to a more realistic appreciation
of clinical adoption. However, time constraints imposed by a busy clinical schedule need to be taken
into account for successful education of medical professionals.

Keywords: artificial intelligence; medical imaging; machine learning; clinical translation; continuing
medical education

1. Introduction

Artificial intelligence (AI) has become one of the dominant topics in medical research,
especially in processing and analysis of medical imaging data [1,2]. This is documented
by an ever-increasing number of research studies on AI in medical imaging, and various
start-ups and established companies entering the medical-imaging market [3,4]. However,
clinical adoption of AI algorithms for medical imaging is lagging behind for various
reasons, such as a lack of clinical validation of AI algorithms, regulatory burdens, hesitance
of patients to accept AI for individual clinical decisions, and as of yet, often unsatisfactory
reimbursement for AI algorithms [3–6].

Another important reason may be that educational programs on AI in medical imag-
ing tailored to the needs of medical professionals are lacking, which may lead to hesitance
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to use new algorithmic tools in clinical practice [7,8]. Very recently, some training pro-
grams for residents have been implemented into the formal radiology curriculum [9].
However, educational programs, which are open to a broader audience of medical profes-
sionals working with medical-imaging data, such as ophthalmologists or pathologists, are
very rare.

To fill this gap, we created a 12-week, online-only course on AI in medical imaging and
offered it for free to medical doctors (MDs) at our institution, and also to medical students
and non-MD researchers. The overall goal of the course was to offer educational material
on AI in medical imaging to healthcare professionals to give them a better appreciation
of the underlying principles and so they could understand the potential pitfalls of using
AI in clinical practice. The second point especially should lead to a better translation
of imaging AI into clinical practice by reducing the commonly observed reservations of
healthcare professionals to use AI in practice. Thus, the course material comprised the
theoretical basics of AI in general, special challenges in medical imaging, basics of Python
programming, and special-focus lessons highlighting particularly interesting fields of AI in
medical imaging and its translation into clinical practice.

In this article, we report on our initial experience with this educational program and
how the participants perceived it. Furthermore, we assessed the participants’ opinions
on AI in medical imaging, as well as their self-rated skills pertaining to the topic in
order to inform other institutions seeking to develop educational programs for MDs in
medical imaging.

2. Materials and Methods
2.1. Course Curriculum

The course was designed as a 12-week, online-only curriculum, consisting of two six-
week blocks plus live online meetings before, during, and after the course. In the first block,
the objective was to teach basics of AI in general and its applications in medical imaging.
The study material was presented to the participants through an online teaching platform
(Moodle) in a synchronous (i.e., live online lectures) and asynchronous manner (e.g., pre-
recorded screencasts, reading assignments, and multiple-choice questions). Furthermore,
there was an introduction to the concepts of Python programming, with dedicated examples
based on Google Colab notebooks. Live lectures were held weekly at a fixed time, and were
recorded for those who could not attend. The content was produced mostly by medical and
non-medical researchers and lecturers from our institution in a standardized format. Topics
of the first six weeks included “Introduction to Machine Learning: Historical Context,
Systematic Considerations and Basics of Linear Algebra (part 1)” (week 1), “Introduction
to Artificial Neural Networks: What Can AI Learn? and Basics of Linear Algebra (part 2)”
(week 2), “Applying AI to Imaging: Special Considerations for Medical Imaging” (week 3),
“Advanced Learning Methods with Artificial Neural Networks: Unsupervised Learning”
(week 4), “Generative Adversarial Networks and Medical Image Formats” (week 5), and
“Critical Appraisal of AI studies in Radiology: Reporting Metrics and Paper Analysis”
(week 6).

The second block consisted of one special-focus lesson per week, highlighting a par-
ticular topic of applied AI. These lessons were prepared following a flipped-classroom
concept with pre-recorded lectures, reading assignments, and a live question-and-answer
session with the lecturer. The topics were the following: “Structured Reporting in Radiol-
ogy” (week 7), “Explainable AI in Medical Imaging” (week 8), “Computational Pathology”
(week 9), “AI in Dermatology” (week 10), “AI in Imaging Neuroscience: Ethical, Legal, and
Societal Aspects” (week 11), and “Ethics in AI” (week 12). Accompanying the second half
of the course, the participants were asked to perform a group work task, which consisted
of the detailed analysis and presentation of a current research publication in the field of
medical imaging AI. Numbers of participants per group before and after the course can be
found in Table 1 and in Figure 1.
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Table 1. A list of the course participants according to group before and after the course.

Participant Group MD Medical Student PhD Student Non-MD Researcher

At course start 40 35 7 11

Successful course
completion 13 9 4 2
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2.2. Pre- and Post-Course Questionnaires

Pre- and post-course questionnaires were individually administered to the participants
through the online learning system. Answers were given either in a yes/no manner, based
on a five-point Likert-scale evaluation or as free text. The input was saved anonymously.
The questionnaires and survey results are depicted in Tables 2–4.

2.3. Statistical Analysis

Descriptive and comparative statistics were performed using SPSS version 26.0 (SPSS,
IBM Corp. 2019, Armonk, NY, USA). Pre- and post-course evaluations were compared
using Wilcoxon’s signed-rank test. Statistical significance was assumed for p < 0.05.
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Table 2. Questionnaire on the participants’ opinions on artificial intelligence in medical imaging and its clinical adoption. Results
of the pre-course survey were given on a five-point Likert scale ranging from 1 = strong disagreement to 5 = complete agreement.

Question
(Answers Ranging from 1 = Strongly

Disagree to 5 = Completely Agree)
Median Minimum Maximum 25th Percentile 75th Percentile

Using AI in medical imaging will benefit
patients in the foreseeable future. 5 3 5 4 5

It is important to understand how an AI
algorithm works in order to use its
results in clinical decision making.

5 2 5 4 5

I would use an AI algorithm in medical
decision making if it has been thoroughly

evaluated by others with good
performance, although I don’t

understand how it works.

4 1 5 3 4

I will not use AI in medical imaging
algorithms unless I can fully explain

them to my patients.
3 1 5 2 4

Education about AI must be integrated in
medical training in university. 4 1 5 4 5

Education about AI must be integrated in
medical training in residency. 4 1 5 4 5

Using AI in medical imaging will reduce
the workload of physicians. 4 2 5 3 4

Clinical adoption of AI in medical
imaging will replace physicians e.g.,

radiologists in the next 10 years.
2 1 5 1 3

Image-analysis tasks in general can be
performed by an AI algorithm today at

medical-expert level.
3 1 5 2 4

Some particular tasks can be performed
by an AI algorithm today at

medical-expert level.
4 2 5 4 5

Clinical adoption of AI algorithms in
medical imaging is mostly hindered by

regulatory barriers and traditions, not by
the performance of the
developed algorithms.

3 1 5 3 4

Doctors should have basic
programming skills. 3 1 5 2 4

Table 3. Self-assessment of AI-related skills before and after the course shows significant improvement in all domains after
the course.

Timepoint Before Course After Course

Areas of self-Assessment
(Ranging from 1 = No Skills to

5 = Expert Skills)
Median 25th

Percentile
75th

Percentile Median 25th
Percentile

75th
Percentile p

Understanding Python code when
reading it. 1 1 2 2.5 2 3 0.001

Creating Python code for
statistical analysis. 1 1 2 2 2 3 0.002
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Table 3. Cont.

Timepoint Before Course After Course

Areas of self-Assessment
(Ranging from 1 = No Skills to

5 = Expert Skills)
Median 25th

Percentile
75th

Percentile Median 25th
Percentile

75th
Percentile p

Understanding concepts in linear
algebra pertaining to

machine learning.
2 1.5 2 3 2 3.25 0.006

Assessing a machine-learning paper
validating AI algorithms for

medical imaging.
2 1 2 2.5 2 3.25 0.005

Applying a ML algorithm in a
clinical setting. 1 1 2 2 2 2.25 0.013

Incorporating decisions made by a
ML algorithm into clinical

decision making.
1 1 3 2.5 2 3.25 0.042

Table 4. General course evaluation results given on a five-point Likert scale ranging from 1 = strong disagreement to
5 = complete agreement.

Question
(Answers Ranging from 1 = Strongly

Disagree to 5 = Completely Agree)
Median Minimum Maximum 25th Percentile 75th Percentile

The course was well organized 5 2 5 4 5

Overall, the study material was
well prepared 5 3 5 4 5

The content of the course was important for
my work as a clinician 3,5 2 5 3 4

The content of the course was important for
my work as a scientist 4 2 5 4 5

The course could easily be taken alongside
clinical work 3 1 5 2 3

I expected the workload to participate in the
course to be 3 2 3 2 3

I missed in-person lectures and meetings
with teachers and other students. 4 1 5 2 4

I feel more competent at dealing with AI in
medical imaging than before the course 4 1 5 4 5

2.4. Ethics Statement

Participants consented to the statistical evaluation and potential publication of the
evaluation results. Evaluation results were submitted anonymously. No confidential
medical information was used in this study.

3. Results
3.1. Course Participants

In total, 93 participants (46 female (49.5%), 47 male (50.5%), mean age 29.6 ± 7.1 years)
enrolled into the course and filled in the pre-course evaluation form. For post-graduates
(n = 52), median time since graduation was 4.00 years (interquartile range: 2.00–8.75 years).
The group of participants consisted of 40 medical doctors (MDs) (43.0%), 35 medical stu-
dents (37.6%), 7 PhD students (7.5%), and 11 postgraduate researchers without an MD
degree (11.8%). Within the group of medical doctors, eight specialized in neuroradiology,
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six in pathology, and three each in radiology, ophthalmology, nuclear medicine, neurology,
internal medicine and dermatology. Two participating medical doctors specialized in
psychiatry and surgery, and one each in pediatrics, neurosurgery, nephrology, and anes-
thesiology. Most participating medical doctors were residents (30; 75.0%), next to eight
participating consultants (22.5%) and one head of department (2.5%). The majority of
participants stated that they currently do not use AI in their daily work (77; 82.8%) and half
of them had previous programming experience (46; 49.5%); 36 participants (39.2%) stated
that they had no previous education in the field of artificial intelligence, while 40 (43.0%)
had read some articles, and 16 (17.2%) had previously taken a course related to the topic.
Overall, the participants planned to spend a median of 4.00 h per week on the course
(IQR: 3.00–5.00).

A total of 47 (25 female (53.2%), 22 male (46.8%)) participants filled in the post-course
evaluation, and 28 completed the course (16 female (57.1%) and 12 male (42.9%)), including
13 MDs, 9 medical students, 4 PhD students and 2 non-MD researchers (see Table 1).

3.2. Opinions towards AI in Medical Imaging

As part of the evaluation, we asked the course participants about their opinions
and attitudes towards AI in medical imaging (see Table 2). Summarizing the results,
the participants highly supported the statements that AI in medical imaging will benefit
patients in the foreseeable future, that it will reduce the workload of physicians, and that it
is already capable of performing particular, well-defined tasks at an expert-physician level.
The majority of participants had the opinion that education about AI should be integrated
into medical school and into residency, and that the doctor must understand how an
algorithm works in order to use it on patients. Participants opposed the notion that AI
will replace doctors, and were undecided on whether AI can perform image-analysis tasks
in general at an expert-physician level. When it comes to obstacles for clinical adoption,
there was a trend towards attributing this more to regulatory processes than to algorithmic
performance per se.

In order to explore whether opinions on these topics changed after successful course
completion, we analysed the participants’ answers before and after the course. There
was a significant difference regarding their opinion on whether AI will lead to patient
benefit in the foreseeable future, with less overoptimistic but still very positive answers
after the course (pre-course evaluation: 5 (“I completely agree”); IQR (4.5–5.0); post-course
evaluation: 4 (“I rather agree”); IQR (4.0–5.0); p = 0.020) (see Figure 2). With regard to the
other questions, no significant change could be noted, other than a trend towards a slightly
more affirmative opinion regarding the question “Some particular tasks can be performed
by an AI algorithm today at medical-expert level” (p = 0.096).
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3.3. Self-Perceived Skills Relating to AI and Medical Imaging

In order to assess whether the course impacted on skills regarding AI in medical
imaging, we evaluated self-rated skills of those who successfully completed the course.
For results in the particular areas of self-assessment, please see Table 3. In summary,
self-perceived skills improved in all areas, for understanding Python code as well as for
understanding concepts of linear algebra pertaining to AI. Furthermore, participants felt
more confident to analyse a research paper in the field, to implement an AI algorithm in
a clinical environment and to incorporate the decisions given by an algorithm into their
clinical decision making.

3.4. Overall Appraisal of the Course

The participants were overall very satisfied with the study material and the organi-
zation of the course, and deemed the content of the course important for their work as a
clinician or scientist. There was a small tendency to underestimate the time effort necessary
for the course and towards the notion that taking the course alongside clinical work might
be problematic. Most of the participants felt more competent at dealing with AI in medical
imaging after the course. A majority of participants missed in-person events (which were
not held due to the online-only character of the course). Please see Table 4 for details.

4. Discussion

When evaluating this pilot educational program for medical professionals who wanted
to study AI in medical imaging, we found that the interest in the medical community was
very high. Furthermore, education about AI has the potential to change the opinions of
medical professionals with regard to AI, and to improve their competencies pertaining
to the topic. However, time constraints due to a busy schedule of clinical work impose a
substantial hurdle for thorough education of medical doctors.

The interest in our educational offering was very high among MDs and medical
students from our institution, as expressed by the high number of enrolled participants
at the beginning of the study. This was supported by results from recent surveys among
radiologists: three-quarters of all participants in a survey (n = 270) from 2019 stated that
they had received insufficient information about AI tools, and more than 90% would
participate in continuing medical education offers on this topic [10]. The need for advanced
teaching courses on AI in medical imaging was emphasized by results from a recent global
survey among radiologists, in which only around 11% stated that they had advanced
knowledge in the field [7]. In summary, our experience corroborated the high demand and
need for educational offers for medical professions in the field of AI.

Our course participants had a rather positive opinion about AI in medical imaging,
embracing its potential to perform defined tasks in image analysis, and thus to take
workload off the current physician workforce. This could be explained by a positive
selection bias, and fits with previous reports that openness for AI tools resulted in a more
optimistic view on the topic and its impact on medicine [7].

Despite this optimism with respect to the impact of AI in medical imaging, most
participants did not believe that AI would eventually replace physicians in a clinical envi-
ronment. This was in line with a survey among medical students, who largely refuted the
impression that radiologists would be replaced in the future [11]. The fear of replacement
through new, AI-related technologies seemed more relevant in the largest currently avail-
able survey among radiologists, which found this to be of importance to almost 40% of
participants [7]. Interestingly, this survey also proposed a potential explanation through an
inverse correlation between AI-specific knowledge and fear of replacement through AI [7].

Although the attitude of MDs towards AI in medical imaging seems quite consolidated,
we did find a significant change with respect to the question regarding whether AI will
lead to patient benefits in the foreseeable future, with less-optimistic attitudes after the
course. However, the answer to that question left room for interpretation, and did not
differentiate whether the participants did not believe in patient benefits through AI at all,
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or just not in the foreseeable future. We interpreted this change in opinions as an indicator
that our course and increased knowledge about AI among medical professionals impacts
their attitude and judgment of clinical practicability, by highlighting not only the potential
of AI (which is heavily discussed), but also discussing and teaching about the challenges
and limitations of AI.

Underlining the impact of the described course, we saw a significant increase in
the self-assessed ratings of the participants’ skills pertaining to AI in medical imaging.
Although this was an encouraging finding, and was also assessed in a similar way in
previous studies [9], the subjective nature of these self-assessed ratings left room for some
uncertainty. Future courses and educational programs should define a clear list of skills
and capacities that participants will possess after the course, and (most importantly) a
clear way to test those [12]. At best, these learning objectives will incorporate theoretical
and practical skills based on broad consensus by medical schools, resident programs, and
professional associations.

A clear downside of our course experience was the rather high drop-out rate. Based
on the participants’ feedback, we did not attribute this to the quality of our course and the
study material, but rather to the tight schedules of clinicians and medical students, which
do not allow for easy integration of additional five to 10 working hours per week. However,
as drop-out rates were comparable among the different participant groups, a busy schedule
may not have been the only reason for participants to quit the course. Particularly for
medical students, the fact that the course was not part of the regular curriculum and no
mandatory credits had to be earned may have been of importance. For PhD students and
non-MD researchers, a reason might be that the clinical orientation of course content did
not fit their focus, as it was most likely unrelated to their work. We hypothesized that the
drop-out rate could be reduced by integrating the course into a mandatory curriculum;
e.g., in medical school or by setting a participation fee for doctors. These two measures
could potentially increase the participants’ adherence to the schedule and their motivation
to finish the course. Another aspect would be that the course curriculum could be adapted
in order to avoid large leaps in complexity and to ensure step-wise learning without
asking too much of the participants. Future studies should address how topics related
to computer science and AI are best taught to medical professionals. Another point with
a potential negative effect on the participants’ motivation was the online-only character
of the course, which was mostly due to the current COVID-19 pandemic and restrictions
on in-person meetings. We hypothesized that in-person meetings and the establishment
of tighter personal relationships between students and teachers could also decrease the
drop-out rate substantially.

5. Conclusions

In summary, we found that educational offerings on AI in medical imaging were
regarded very well by medical professionals, leading to improved skills and (in part) to
a less-optimistic perception of AI in medical imaging. In our opinion, this also showed
that educating medical professionals on AI is feasible and may potentially contribute to a
successful implementation of AI in clinical practice. However, time constraints of medical
professionals may hinder successful course completion. Future efforts should aspire to
clearly define learning objectives for medical professionals, and ideally to harmonize
curricula integrated in medical schools and/or residency programs.
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Abstract: Numerous studies have examined the role of social media as an open-learning (OL) tool
in the field of education, but the empirical evidence necessary to validate such OL tools is scant,
specifically in terms of student academic performance (AP). In today’s digital age, social media
platforms are most popular among the student community, and they provide opportunities for OL
where they can easily communicate, interact, and collaborate with each other. The authors of this
study aimed to minimize the literature gap among student communities who adopt social media
for OL, which has positive impacts on their AP in Chinese higher education. We adopted social
constructivism theory (SCT) and the technology acceptance model (TAM) to formulate a conceptual
framework. Primary data containing 233 questionnaires of international medical students in China
were collected in January 2021 through the survey method. The gathered data were analyzed through
structural equation modeling techniques with SmartPLS 3. The results revealed that perceived
usefulness, perceived ease of use, and interactions with peers have positive and significant influence
on OL. In addition, OL was found to have positive and significant influence on students’ AP and
engagement. Lastly, engagement showed a positive impact on students’ AP. Thus, this study shows
that social media serves as a dynamic tool to expedite the development of OL settings by encouraging
collaboration, group discussion, and the exchange of ideas between students that reinforce their
learning behavior and performance.

Keywords: open learning; engagement; collaboration; communication; electronic-learning

1. Introduction

The term social media (SM) is considered as a form of communication through elec-
tronic platforms, which intends to make online communities for users to share knowledge,
information, opinions, messages, and other content [1]. In the 21st century, SM became
an essential part of human life, while the use of SM has spread across the world. In 2020,
almost 3.06 billion individuals from all walks of life used at least one SM platform, such as
WeChat, Facebook, Twitter, Weibo, WhatsApp, and Instagram, in their daily life [2]. The use
of SM has become an integral part of intellectual work, and students posting study-related
material on SM platforms is considered a reliable source of information that is important to
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each community, such as those of students, customers, and employees [3]. The users of SM
(computational technology that helps to develop and share ideas, perceptual knowledge,
professional interests, information, and other expressions through social network plat-
forms) may read or see their friends’ activities online without direct contact with them [4].
Furthermore, SM networking sites utilize features, such as comments, postings, digital
photographs, video-sharing, and data about online interactions, that provide vitality for
SM users [4]. People who use SM are called netizens. Netizens often access online plat-
forms using the internet or other web technologies on their computers or laptops, or they
download programs to the mobile devices (such as smartphones or tablets) that expand
the functionality of SM networks [4]. The use of SM platforms in educational activities is
increasing day by day. Because of the engagement of SM users with such services, they usu-
ally develop highly interactive platforms wherein students may create or exchange ideas
and discuss information or previously published online content in user-created groups.
SM promotes interactions between teachers, subject specialists, students, communities, and
major companies. This revolution is the focus of new and creative information technology
(IT) areas [3].

SM has been used in medicine extensively, as almost one-third of the adults with
internet access have viewed different social media sites concerning the medical experience
of other people, while almost 6% of these people have participated through text messages,
comments, replies, photos, recorded files, and personal assessments of health conditions
by professionals [5]. SM has provided opportunity for individuals with specific illnesses to
take part in online communities to share their personal experiences, contact other people
to learn from their experiences, and contact medical specialists to glean comprehensive
knowledge about their illnesses. Similarly, healthcare workers including doctors and nurses
are also using SM significantly in their professional lives, where they exchange informa-
tion regarding their professional problems as well as clinical experiences [6]. Likewise,
current medical students are also using SM broadly as a tool of communication among
their educational and professional lives. In medical education literature, communication,
peer feedback, collaboration, material sharing, and social media ability are reflected as
the major aspects essential for SM usage among medical students [7]. Since SM holds
massive importance in educational settings, Davis, Ho, and Last suggested that medical
schools revise their syllabi by integrating social media in their instruction in ways that
are innovative, timely, and evidence-based to meet the demands of this dynamic learning
landscape [8]. Thus, studies on the role of SM use in medical education would enhance and
improve the teaching and learning environments for both medical students and medical
practitioners [3].

In addition, SM (characterized by user-generated content (UGC)) enables students
“to create, circulate, share, and exchange information in a variety of formats and with
multiple communities” [9]. WhatsApp, WeChat, Facebook, Instagram, Pinterest, Linked
In, Snap Chat, Twitter, Telegram, Baidu, Google+, SlideShare, Weibo, Tumblr, and related
websites are the most popular platforms among SM users [1]. Google+, which provides
a single destination to students to easily and quickly communicate and discuss their
problems, is widely used all around the world. WeChat is widely used by people in China
for social networking [1]. Thus, social media has now become a popular platform for
knowledge sharing between medical students and teachers [7]. SM platforms have enabled
students to work together, interact with colleagues and classmates, and acquire the latest
knowledge, which has positive impacts on their AP [10]. One constructive effect of using
SM platforms is the introduction of the public to consumer data, ideas, and programming,
which has promoted further technical advances and increased knowledge in educational
institutions [9].

OL is a terminology that indicates that “an inner feeling conveyed in this technique
through external actions involving students in existing, continuous learning groups or
teams” [11]. Rapid expansions of information communication technology (ICT) have led
to pragmatic practices. Many terms such as online learning, blended learning, web-based
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learning, m-learning, and computer-mediated learning have been used in the literature
to show the importance of technology in academic learning. All these terms have distinct
features, but they are linked to each other through the ability to use a computer that is
connected to a network, which provides the opportunity to study from any place at any
time [6,11]. OL can be characterized as an instrument that has made knowledge-learning
practices more innovative, student-centered, and flexible [4]. OL is a procedure of reci-
procity, communication, and collaboration within student communities in which students
share their difficulties with other group members and receive solutions, guidance, and
advice; it also improves their learning processes, enhances abilities such as collaboration
and social abidance, and creates productive interplay as a potential tool for learning [11].
Additionally, OL makes it easier to elaborate and develop critical thinking, materials inter-
change, and proficient knowledge on online platforms [12]. SM has become the essential
tool for OL in student communities and others [3], and SM use is widely used as the main
communication platform for student learning [11] because some of its associated tools
are not too costly to enable their utilization and growth in acceptable and satisfactory
settings for OL. SM has led to the wide distribution of several group exercises, such as
sharing knowledge and information, communications, and interactions, in education, thus
enhancing students’ learning potential.

Several scholars have examined the link between SM and AP, and they have high-
lighted many mixed results when using such platforms. For example, according to Ktoridou
and Eteokleous [13], SM platforms allow students to interact with group members to find
help in solving learning problems. Moreover, using SM platforms may enhance learning
achievement in OL environments [11]; however, some studies have shown that students’
use of SM platforms for study (assignment) does not improve learning outcomes [14].
Hence, students must monitor and analyze the patterns of collaboration that emerge
throughout OL on SM, where motivating cognitive skills, reflection, and metacognition is
crucial for learning [11]. Nevertheless, earlier research revealed that students have negative
attitudes regarding social media, as they believe that most SM platforms do not help them
achieve AP [15,16]. According to Anderson and Jiang, the use and availability of SM
platforms have led to a decline in AP [17]. However, other studies have found that there is
no link between SM use and AP [18].

Alenazy, Mugahed Al-Rahmi, and Khan explained that students are suspicious of
the idea that using SM platforms can aid them in measuring education sustainability [19].
Other scholars have claimed that while students prefer face-to-face contact with peers
and lecturers, they have a favorable attitude toward learning activities integrated with
SM platforms [20]. Therefore, more research is required in the field of attitude regarding
SM platform use for OL and AP [11]. Cyberstalking and cyberbullying via SM platforms
have been linked to psychological and emotional issues such as discomfort, anxiety, and
insecurity [21,22]. However, the better integration of SM in academic courses has provided
positive effects on students’ AP, such as improving motivation in learning and encouraging
students to communicate with their teachers [20].

Despite having reached many countries, there remains a scarcity of studies on the use
of SM platforms in higher education, especially in China. Thus, the authors of the current
study sought to fill in this literature gap by investigating the use of SM platforms to achieve
the goal of OL, positively affecting AP, and positively affecting student engagement (ENG).
Following the literature gap, our study’s main objectives were:

1. To explore the factors that influence the use of SM platforms among international
medical students throughout their studies.

2. To explore the effect of SM-based OL that promotes student AP.
3. To explore how medical students use SM to maintain their ENG with peers and their

performance.

This research aimed to provide new opportunities to include SM platforms in pro-
gressive education in medicine, and to take advantage of the exciting benefits of OL tools
in medical training. The present research model was based on two theories: SCT by Vy-
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gotsky [23] and the TAM by Davis [24]. The TAM is known as one of the most widely
used models for analyzing attitudes about the use of SM platform technology, and SCT
addresses interactions and their effect on the OL and ENG of students. These two theories
were utilized to assess students’ AP, which is still seriously unexplored. Furthermore, there
is a lack of research models for OL, AP, and ENG, including the use of SM platforms in the
context of higher education in China. Hence, the goal of this research was to fill in the gaps
in the literature by examining SM platforms’ characteristics utilized for OL and ENG that
affect students’ AP.

2. Literature Review

Through the alteration of our social standards, values, and culture, SM has pro-
gressively become an important part of human society [25]. Information and content
dissemination are becoming significant for people. The learning processes at education
institutions have transformed the lives of individuals, including university students and
(especially) women, by changing method of communication and engagement in learn-
ing [26]. These new media platforms play essential roles in the exchange of material
between university students and society. Students now have the opportunity to share
their routine life through photographs, comments, and the dissemination of ideas in social
and academic discussions [27,28], and SM affects the everyday life of young people and
especially university students [29]. Digital and social networking have revolutionized daily
ways of communication by developing content, exchanging information, and consuming
information [30].

SM platforms allow for social interaction and communication between users by ex-
changing knowledge and transforming monologues into dialogues between consumers [31].
SM, based on a specific philosophical worldview and technological underpinnings and
functionalities, encompasses numerous internet-based tools and apps [32] that have en-
abled its users to distribute material across digital media and internet spaces [33]. It has
provided chances for the inexpensive and viable online advertising of goods and services,
it offers new ways of dealing with and coordinating interactions amongst users [34], and
many SM users consistently disseminate and share their articles, images, videos, and
records on different SM apps [35].

SM offers venues for students and the public to exchange ideas and information
by discussing information with each other, as well as to build up relationships through
social networking [13,36]. In today’s society, SM platforms and education are inextricably
linked [37] because they work as central spaces for debate, discussion, and feedback among
students and teachers [38]. SM platforms can be a valuable tool to enhance learning
behavior [39] by allowing people to organize content; share information, movies, photos,
communication, and coordination; and build social links with others based on collaborative
efforts [13,40]. SM platforms include websites, wireless internet connections, and video
or photo-sharing sites. At the moment, it is not just advantageous to participate in digital
media sharing and social networking—it also enables social contact and communication
through the development of brands and professional possibilities [41,42]. According to
Wodzicki, Schwämmlein, and Moskaliuk, social networking offers a variety of resources
that may be used for instant access to learning and information [43]. For instance, students
of higher academic levels extensively use SM platforms for educational purposes [13]. In
addition, these platforms have several other uses, such as entertainment and interactions
with others [44].

Joachim, Geert, and Soetaert stated that the trustworthiness of these webpages is
typically based on demonstrated taste and expertise, rather than on the institution’s associ-
ation and recognition [45]. According to academics, SM platforms comprise a technology
that is used to facilitate social relationships, facilitate collaborations, and enable negoti-
ations among large populations [46]. SM platforms have allowed for the promotion of
personalized learning environments as an educational strategy for enhancing self-regulated
learning [47]. According to educational experts, SM platforms provide the majority of the
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characteristics of an excellent educational technology in terms of peer reaction, scholar
mentoring, and matching the social circumstances of electronic learning (e-learning) [29].

3. Research Model and Hypotheses

In the current research, we incorporated two core theories (TAM and SCT) to develop
a conceptual model to attain the research objectives. Firstly, Davis conceived a TAM to
regulate the causal relationships between the internal views, perspectives, and intentions
of users to adopt computer technology [24]. Scholars have extensively used the TAM to
study information systems (ISs) and computer technologies (CTs). For instance, Chandra
applied the TAM to investigate the adoption of online auctions by users [48].

The SCT defines knowledge as constructed in a collaborative way within a social
context. It considers learning as a condition wherein individuals construct their personal
meaning from the content and materials presented to them, rather than simply memorizing
the information [23]. In addition, SCT is based on the idea that learning can be enhanced
and made to be more constructive within the orbit of social process in cognition groups.
Moreover, knowledge is an ongoing process that needs improvements with time, and learn-
ing is best accomplished when it follows social perspective in effective and constructive
process [49–53]. According to Bhattacharjee [54], the emergence of constructivism research
in the recent era has enhanced the tools and focus of media technologies for the fast transfer
of information and knowledge to the next generation. Similarly, as suggested by Ershler
and Stabile, learning is a process that results in the transmission of culture, which may
attract constructivists to reconsider the influence of social media on culture [55]. The recent
emergence of social media has massively affected attitudes towards education by changing
the landscape of information availability.

In SCT, teaching and learning ought to focus on consuming content to develop means
of understanding, and these contents have become abundant and easily reachable through
social media. The effects of social media for SCT involves significant changes to the
ways students often communicate, and how they acquire basic understandings. Thus, as
social media permits the alteration, integration, and distribution of information, it has
massive influence on the learning of individuals. The strengths of SM platforms follow
the principles espoused by constructivists [56]. For instance, Churcher showed that SM
platforms lead to online communities of learning practice [57]. Other studies have shown
that SM platforms facilitate participation, communication, social interactions, the use of
modern technologies, the use of online applications, collaboration, and the construction of
personal meaning that satisfies the learning condition of constructivism [58,59]. Likewise,
SCT suggests that information on OL activities, personal activities, and social interactions
can be gathered through the use of modern tools of technology [60]. Figure 1 illustrates the
conceptual model of this research.
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3.1. Perceived Usefulness

PU refers the level to which a student thinks that using a specific technology would
increase their job performance [61]. In our study, PU was defined as how much a user feels
that SM platforms can be used for OL to enhance their AP. The current research provides
evidence that PU affects the attitudes and intentions of those using technology [21,62].
Since PU has a direct impact on attitudes, it was assumed to have an indirect impact on
intention to use technology. Hence, the following hypothesis was formulated:

Hypothesis 1. PU is positively related to OL.

3.2. Perceived Ease of Use

PEU refers to the level a student perceives that the use of a specific technology is
effortless [24]. In this research, PEU refers to the extent to which an individual believes
that using SM platforms for OL will increase their AP. Al-Rahmi et al. [11] stated that
PEU has significant impacts on e-learning acceptance and adoption. Several studies have
shown that PEU affects PU, though both have positive impacts on the behavioral intention
of adopting technological systems [63]. In addition, several studies have shown that the
intention of continuing to use SM platforms for OL is largely influenced by PEU [11,19].
Accordingly, we formulated the following hypothesis:

Hypothesis 2. PEU is positively related to OL.

3.3. Interact with Peers

SM platforms allow students to communicate, share content with classmates, and
connect with others [64]. In today’s world, most students are regular users of SM platforms
to remain aware of and updated on current events [65]. Utilizing SM platforms in academic-
related activities such as discussions allows students to participate in subject discussions
and interact with content [66]. This single destination of conversation paves the way for
communication and enhances students’ learning strengths, which can move beyond the
subject raised by teachers or hosts [67]. SM platforms are the best resource for improving
communication, promoting positive learning attitudes, encouraging students to seriously
consider learning and learning activities, and maximizing social capital through virtual
communications. It has been noticed that students or scholars in online settings spend time
on SM platforms to work through the learning process [68]. It is believed that the use of SM
platforms in educational institutions enhances the level of interaction between instructors
and students [69]. According to Alamri et al. [68], learning tools are just as essential as
learning objectives because they encourage social interaction, entail interactive learning,
and aid open learning. Thus, we proposed the following hypothesis:

Hypothesis 3. IP is positively related to OL.

3.4. Open Learning

OL can be defined as a learning process in which an individual has opportunities
to work in a team or group so that learning is fostered through interpersonal interaction,
group collaboration, and active learning [68]. Dumford and Miller observed that OL and
student ENG through the use of SM platforms have significant relationships with team
member interactions [70]. Balakrishnan and Gan used an SM platform adoption model to
investigate the various factors that affect students’ intentions to use SM for learning based
on, for instance, the commitment, competitive, and autonomous styles [71]. In addition,
according to a study by Ratneswary and Rasiah, the use of SM platforms improves OL
and establishes a strong and engaging bond between students and teachers [72]. Thus,
the authors of this study claim that OL improves student AP. Based on earlier studies, we
posited the following hypotheses:
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Hypothesis 4. OL is positively related to AP.

Hypothesis 5. OL is positively related to ENG.

3.5. Engagement

In the context of SM platforms, ENG creates a learning atmosphere characterized by
discussion and interaction among colleagues that foster closer collaboration and communi-
cation [73]. Furthermore, research has shown that the use of SM platforms leads to positive
AP and ENG experiences [74]. SM platforms are seen as online learning tools that offer
significant benefits for better results and experiences through cognitive participation and
social ENG [68]. To this end, OL enables the expansion of ENG in curriculum activities
and knowledge-sharing systems [75]. According to Blasco-Arcas et al., students learn more
effectively when they participate in appropriate cognitive processes, so student ENG is
a significant explanatory variable for academic performance. In addition, SM platforms
enable students to engage in knowledge construction, which ultimately involves a higher
level of perceived learning. When students are engaged with learning activities, their AP
improves [68]. Following prior studies, we proposed the following hypothesis:

Hypothesis 6. ENG is positively related to AP.

3.6. Academic Performance

This study applied the concept of academic performance as the achievement of edu-
cational objectives in terms of knowledge acquisition and skills development [68]. Social
media refers to the electronic platforms which allow their users to interact with other user
users to share information [76]. Previous studies have observed some forms of impact of
SM on AP [18,47,68], but there is very little research on SM and AP in the Chinese context,
particularly on international students. Therefore, this study aimed at finding the impact
of SM on students AP in open learning environments through the SCT and TAM models.
In this research, perceived usefulness (PU), perceived ease of use (PEU), and interactions
with peers (IP) were independent variables, and OL was chosen as the mediator variable.
The dependent variables were ENG and AP (Figure 1).

4. Methodology

This study was part of a large project funded by the National Natural Science Founda-
tion of China (grant no. 71950410624) to investigate the role of internet and technology in
improving teaching and learning practices in Chinese higher education. As indicated in
previous sections, social media holds great impact in all aspects of teaching and learning,
including in the medical field [3–7]. It has been debated in terms of its use as a tool of
communication among individuals, ease of use, improvement in learning, and better pro-
fessional development. Considering these outcomes, more evidence on educational usage
of social media has yet to arise to evaluate to what extent medical practitioners can yield
educational benefits from these resources. Therefore, the purpose of the current study is to
explore the role of social media use as a tool of OL among international medical students
in China. The population of this study comprised 231 international undergraduate and
graduate medical students between the ages of 20 and 40 from universities in the Jiangsu
province of China. This study focused on SM as an OL tool; learning platforms other than
SM were not included. Prior to conducting this research, we analyzed the complexity of
the term social media, because it has been defined and used differently in the previous
literature. We considered all web-based tools that allow users to create and exchange
content and enable them to interact with other people, as explained by Miller et al. [76].

As the study was located in China, we considered the most commonly used SM
platforms in China, such as WeChat, Weibo, QQ, Tencent Meeting, and others [77]. WeChat
is considered a super version of Facebook and is the most popular social media platform
among people in China, and it provides many different services such as instant personal
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and group messaging, sharing of information/videos/news through WeChat Moments,
payment services, marketing services, and many other services all in one app [77].

All participants gave their informed consent before they participated in the study,
which was conducted in accordance with the Declaration of Helsinki 1975, revised in 2013.
The period of data collection was from January to March 2021. We investigated the driving
factors behind SM platform adoption for OL and its impact on student AP.

4.1. Constructs Development and Pilot Study

A structured online survey questionnaire was used to collect data because the online
data collection method is considered appropriate, fast, inexpensive, and able to minimize
incorrect data and incomplete responses [78,79], as well as suitable to overcome difficult
physical access due to long travel times and/or COVID-19 [80]. The study constructs of
PEU and PU were defined based on work by Davis [24], and OL, IP, ENG, and AP were
defined and measured following the works of Al-Rahmi et al. [81] and Alamri et al. [68].
AP was measured through the students’ self-reporting on their academic performance in
the 2020–2021 fall semester. Each construct (multiple items) was measured on a five-point
Likert scale (i.e., from strongly disagree to strongly agree). At the start of the survey, all
respondents were informed that their participation was voluntary and were provided
a brief overview of the purpose of the study. The respondents were assured that their
information would be kept strictly confidential and used for research purposes only. Before
the actual study, a pilot test or pilot study was carried out with 33 respondents to ensure
the legibility of the survey questionnaire [13]. Based on feedback, small changes, such as
to questionnaire terminology, were made. Detailed information regarding constructs and
item measurements are listed in the Appendix A.

4.2. Formal Survey

To test the hypotheses, we distributed a revised questionnaire (Appendix A) through
WeChat, QQ, and email. Before filling out the questionnaire, the respondents were informed
that this questionnaire was only for those who use SM platforms for educational purposes
for at least two hours a day. We used two pieces of software for analysis: Jamovi for the
organization of demographic data and SmartPLS 3 for the data analysis model.

4.3. Descriptive Analysis

The respondents’ demographic information is shown in Table 1. The authors received
a total of 297 responses, and the final sample contained 233 respondents, which is valid
for data analysis. In the dataset, N = 104 were female students and N = 129 were male
students.

Table 1. Respondents’ demographic information.

Items Percentage

Gender Male 55.4
Female 44.6

Education Under Graduate 69.95
Masters 21.03
Doctoral 9.01

Social Media Use Frequency for Educational Purposes 2 h 10.1
Almost 3 h 15.5
Almost 5 h 27.9

More than 5 h 46.5
Pakistan 38.19

Bangladesh 16.73
International Medical Student Home Country India 24.2

Malaysia 11.58
Afghanistan 9.3
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4.4. Common Method Variance

We applied Harman’s single-factor test to assess the potential for common method
variance (CMV) in our data [82]. The results demonstrated that the first factor’s value was
37.97%, which was lower than the recommended minimum value of 50%. In the data, we
found no common method bias and no CMV issue.

5. Data Analysis

We used “structural equation modeling (SEM)” to test the research hypotheses (Figure 1)
with SmartPLS 3 software. We divided the structural equation model into two stages. In
the first stage, we analyzed the measurement model to test the reliability and validity of the
data, and in the second stage, we analyzed the relationships hypothesized by the structural
model.

5.1. Measurement Model

The results of Table 2 demonstrate the constructs’ reliability and validity. The factor
loadings, Cronbach’s alpha (CA), composite reliability (CR), and rho_A of each construct
were found to be greater than the value of 0.70 recommended by Hair, Hollingsworth,
Randolph, and Chong in all cases [83]. The values of average variance extracted (AVE) of
all constructs were higher than the value of 0.5 suggested by Fornell and Larcker [84]. An
appropriate discriminant validity (defined as the degree that one construct differs from
another construct [85]) was achieved because all correlations between dimensions were
less than the square root of the AVE [84] (Table 3) and the heterotrait–monotrait (HTMT)
relationship of the correlations between two constructs was less than 0.9 [86] (Table 3).
Lastly, we examined variance inflation factors (VIFs) to analyze collinearity problem; they
were found to be lower than 5 [87,88], which indicated that common method variance was
not an issue in this study, as shown in Table 2.

Table 2. Factor loadings, Cronbach’s alpha, rho_A, CR, AVE, and VIF.

Constructs PU PEU IP OL ENG AP Cronbach’s a rho_A CR AVE VIF

PU 0.878 0.883 0.916 0.732
PU1 0.817 1.806
PU2 0.836 2.184
PU3 0.867 2.491
PU4 0.901 2.836
PEU 0.833 0.865 0.892 0.680
PEU1 0.832 1.232
PEU2 0.904 3.004
PEU3 0.873 2.524
PEU4 0.897 3.532
IP 0.871 0.876 0.912 0.722
IP1 0.848 2.096
IP2 0.801 1.847
IP3 0.902 2.963
IP4 0.847 2.184
OL 0.896 0.896 0.928 0.762
OL1 0.829 2.017
OL2 0.881 2.810
OL3 0.887 2.662
OL4 0.894 3.008
ENG 0.888 0.889 0.922 0.748
ENG1 0.854 2.438
ENG2 0.870 2.632
ENG3 0.882 2.626
ENG4 0.853 2.364
AP 0.900 0.903 0.930 0.770
AP1 0.859 2.245
AP2 0.899 3.060
AP3 0.878 2.796
AP4 0.872 2.439
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Table 3. Discriminant validity.

Constructs PU PEU IP OL ENG AP

PU 0.855 0.867 0.845 0.883 0.886 0.773
PEU 0.433 0.824 0.857 0.853 0.841 0.826
IP 0.521 0.607 0.849 0.873 0.821 0.786
OL 0.489 0.547 0.623 0.873 0.858 0.650
ENG 0.333 0.631 0.573 0.577 0.864 0.814
AP 0.525 0.589 0.625 0.596 0.669 0.877

Note: Diagonal elements in bold represent Fornell and Larcker criteria, and those in italics represent heterotrait–monotrait (HTMT).

5.2. Structural Model

To check the structural model, we examined the significant relationships among
exogenous and endogenous variables. To examine the significance of the path coefficients,
a bootstrapping procedure with 5000 resamples was performed [89]. Figure 2 illustrates the
results of the structural model assessment, showing that all our hypotheses had significant
relationships and that the overall model fit following bootstrapping allowed for significant
values. Furthermore, Figure 2 shows that the three endogenous variables had substantial
R2 values. The effect size (f2) of a structural model relationship measures the contribution
of exogenous constructs in endogenous constructs. Following the work of Cohen [90], we
found f2 values of PU -> OL 0.064, PEU -> OL 0.078, PE -> OL 0.194, OL -> SAT 1.329,
OL -> AP 0.208, and SAT -> AP 0.451, all of which were greater than zero. In addition, to
further test the predictive relevance of the model, we obtained Stone–Geisser’s Q2 (the
measure of cross-validated redundancy for all endogenous constructs) via the blindfolding
algorithm of SmartPLS [91], which is shown in Figure 2. All Q2 values were found to be
greater than 0, indicating that constructs had predictive relevance [89]. Finally, to test our
research hypotheses regarding the significance of the paths, we obtained the standardized
path coefficient (β) values and the coefficients of determination (R2) of the endogenous
constructs in the research model; see Figure 2.
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6. Discussion

The use of SM platforms has become a key part of education, and it has grown
increasingly significant in both course delivery and course evaluations. The work by
Stathopoulou et al. showed a beneficial effect of the integration of SM in education on
the profound learning experience of students [29]. SM can be used as a tool to support
students and help instructors during their learning processes. Research has illustrated that
the significant role of using SM platforms in the concepts of OL can be observed globally
because these technologies increase learning, cooperation, and information sharing among
students, teachers, and subject professionals as they are crucial for learning and training.
The authors of this paper aimed to examine the real motives behind the use of SM in an
international medical student community. We proposed a conceptual model that utilizes
TAM and SCT. According to Rauniar, Rawski, Yang, and Johnson, the use of SM platforms
to promote interpersonal interactions, communication, entertainment, and social bonding
among users has become a global phenomenon [92]. In the context of OL, our results also
provide important contributions to SCT and TAM [93]. Thus, we recommend the use of
SM platforms for OL in higher education because they provide opportunities to students
for interaction, ENG, and collaboration with peers, all of which improve their AP. Over
time, we hope that many advisors will integrate SM platforms into educational programs
in order to aid modern students and encourage OL [4,94]. The use of the most well-liked
SM platform applications, such as WeChat, Weibo, Tencent Meeting, Twitter, Facebook,
WhatsApp, and Google Classroom, for online class sessions is becoming more functional.
Simultaneously, the widespread use of technology such as laptops, mobiles, and tablets
(which allow for easy access to SM) can enhance students’ educational activities.

The present study has revealed that SM platforms aid the creation of learning environ-
ments by enhancing student cooperation, communication, and articulation. The findings
of the study show that there is a significant and positive relationship between H1, H2,
and H3 with OL. Most of the students reported that using SM platforms for OL is a good
idea. In other words, the use of social media affects OL, which, in turn, has a significant
impact on students’ AP through information sharing, material exchange, and peer discus-
sion. When students engage in OL and enjoy using SM platforms, they also participate
in discussions with subject specialists and peers while engaging with their own social
presence. These findings are in line with those of earlier studies [11,13], which support
the idea that SM platforms are useful for OL. We also identified that student collaboration
could be promoted via the use of SM platforms in learning and teaching; consequently,
adequate learning results and student AP can be increased through interactions with virtual
communities. Similar results were also reported by Tarantino, McDonough, and Hua [95].
Another study showed that recently created apps have inspired students to utilize SM to
learn in diverse educational environments [71]. Though SM has larger implications for
classroom students, scholars have also investigated SM for use by technicians [96,97]. In
her case study on technology, Bernadette Longo said that SM is an important element of
the broad and complex social networks that comprise human technology [98].

OL was found to show significant relationships with H4 and H5. Through SM, OL
improves the AP of students by enhancing the communication skills and knowledge
exchange among fellow learners. Our analysis also indicated an essential correlation
between OL and AP because students reported having confidence in improving their
learning outcomes with greater accomplishments, greater productivity, and lower research
workloads by using social media, and they expect to use it in the future. We believe that
incorporating SM platforms into traditional blogging could positively increase the academic
outcomes of students. Furthermore, according to the results of this study, regarding H6, the
use of SM platforms can contribute to the creation of a supportive and learning-conducive
atmosphere, which is invaluable for student ENG, student learning, lecturer teaching
experiences, and academic supervision. SM can improve learning settings by encouraging
interaction and ENG among students, as well as promoting team discussions and the
completion of projects. Overall, this study and previous studies have shown that students
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may use SM platforms for engagement to increase their AP [65]. Related to this result,
Balakrishnan and Gan reported that SM platforms could change educational methods
and provide space for students to directly communicate and collaborate with different
people around the world [71]. This idea is supported via two theoretical perspectives:
SCT and computer-mediated learning (CML). SCT’s main emphasis is on social contact
and collaboration, and CML advocates the omnipresent stresses of topographical hurdles.
Hence, to gain useful learning experiences related to OL, it is necessary to develop social
groups to apply and use OL abilities via SM platforms.

7. Conclusions

This research contributes to the field of knowledge on the student adoption of SM
platforms for the benefit of OL; it also emphasizes the role of SM in the worldwide adoption
of collaborative working and OL principles. Such resources are beneficial to studying
and teaching because they help students understand, collaborate, and share knowledge.
These conclusions were reached by developing and empirically evaluating a conceptual
framework based on the TAM and SCT. The applications of internet resources and SM
platforms as sources of learning are enormously important and essential for students and
scholars. Our findings revealed that studying in a group of peers is advantageous to
researchers and students because it can enhance group output. In this manner, students
can efficiently propose new ideas and sentiments in group debates and collaborations
with each other. Furthermore, using SM platforms for OL and ENG can enrich students’
learning experiences while facilitating team discussions. This study has shown that the
PEU, PU, and IP of SM platforms positively effects students’ OL, ENG, and, ultimately,
AP. Particularly in a time of growing focus on expediently delivering coursework through
digital technologies, students, higher educational institutions, and policymakers may see
positive impacts of SM platform adoption by students on OL. However, this research
had limitations, such as its sample size of N = 233 and its focus on international medical
students in Jiangsu province universities of China, both of which make it difficult to draw
conclusive inferences about the conceptual model’s effectiveness; therefore, the replication
of this study in other countries with different economic and cultural conditions is crucial.

7.1. Implications

The present research has a few significant implications for students, higher educational
institutes, and policymakers. Understanding the link between the use of SM platforms and
their beneficial impacts on student performance is critical to comprehend the function of
SM during their studies. The findings may be useful for those who are interested in im-
proving online learning or using SM platforms to facilitate OL. This research endorses the
idea that students should be welcomed, rather than forced, by their learning instituations
to make use of SM to achieve OL in order to improve their AP in higher education. Addi-
tionally, lecturers and supervisors must help students with any questions they might have
regarding the use of SM or information sharing. Students’ knowledge-seeking experiences
and research expertise can be enhanced through the provision of useful knowledge by
lecturers and supervisors. Following our results, interventions to stop or at least diminish
cyberstalking and bullying should be adopted by legislators in universities to avoid their
detrimental impacts on student academic achievement. These measures may lead to the
development of a blueprint for recognising the variables that are expected to have signifi-
cant impacts on the use of SM platforms for open learning to improve AP. The authors of
this study implemented a variety of theoretical and empirical analyses, but the ideas of the
research emerged from practice and will serve as the foundation for the implementation of
new theories and approaches in the framework of China’s adoption of OL. This could be the
first time that SCT and TAM have been applied to higher education in China, specifically to
investigate the effect of SM platforms on OL and student AP, and our findings showed that
SCT, when combined with the TAM, was an important theory for examining the impact of
SM use on students’ OL and AP in Chinese higher education.
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7.2. Future Perspective and Limitations

Further research can be conducted to fill in the gaps caused by the limitations of this
study. This research was quantitative; data were collected with online survey questionnaires
and were cross-sectional. The sample size was small and only included international
medical students studying in universities located in the Jiangsu province of China. Results
could be different in other provinces or geographical locations, even in the same country.
In this research, AP was collected through participants’ self-reported construct, which may
add limitations to the outcome. Thus, future studies may consider including students’
grades as students’ actual reported performance and achievement. For this research, we
used specific social networks such as WeChat, QQ, Tencent Meeting, and Weibo; however,
future studies can consider other social networks sites such as Facebook, LinkedIn, Twitter,
and blogs. Furthermore, in future studies, mixed research approaches can be used, and
the model could be expanded to include other variables such as enjoyment, satisfaction,
interactions with teachers, and knowledge sharing.
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Appendix A

Questionnaire
Perceived Usefulness
PU1: Using social media for open learning can help me to make my learning more

efficient.
PU2: Using social media for open learning can be helpful for my learning needs.
PU3: Using social media for open learning can increase my assignment productivity.
PU4: Using social media for open learning allows me to communicate with more

people in short periods.
Perceived Ease of Use
PEU1: Using social media for open learning enables flexible interactions with others.
PEU2: I find it easy to use social media to do what I want to do.
PEU3: It is easy to become skillful at using social media.
PEU4: I find social media easy to use for open learning.
Interaction with peers
IP1: Social media facilitates interactions with my peers.
IP2: Social media gives me the opportunity to engage in discussion with my peers.
IP3: Social media allows for the exchange of information with my peers.
IP4: Social media facilitates dialogue with my peers.
Open learning
OL1: Open learning builds strong and engaging connections between students and

tutors.
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OL2: Open learning offers opportunity for interaction and communication with
instructors, other students, and content experts.

OL3: Open learning provides opportunities to students for team cooperation (collabo-
ration), which has a direct impact on their performance.

OL4: Students have a positive attitude toward the use of social media for open learning
and academic purposes.

Engagement
ENG1: By using social media, I engage in interactions with my peers.
ENG2: By using social media, I engage in interactions with my lecturers.
ENG3: By using social media, I have learned how to work with others effectively.
ENG4: By using social media, I have become satisfied with my engagement with

studies.
Academic Performance
AP1: Social media has led to a better learning experience in this module.
AP2: Social media has allowed me to better understand my studies.
AP3: Social media is helpful in my studies and makes it easy to learn.
AP4: Social media improves my academic performance.
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Abstract: The COVID-19 pandemic had a huge impact on the learning and teaching processes,
particularly in healthcare education and training, because of the principal position of the cutting-edge
student–patient interaction. Replacing the traditional form of organization and implementation of
knowledge evaluation with its web-based equivalent on an e-learning platform optimizes the whole
didactic process not only for the unit carrying it out but, above all, for students. This research is
focused on the effectiveness of the application of e-learning for computer-based knowledge evaluation
and optimizing exam administration for students of medical sciences. The proposed approach is
considered in two categories: from the perspective of the providers of the evaluation process, that is,
the teaching unit; and the recipients of the evaluation process, that is, the students.

Keywords: e-learning; digital training; healthcare education; innovation in teaching; clinical teaching;
e-exams

1. Introduction

During the COVID-19 pandemic and mandatory lockdown, academic institutions
have shifted to distance learning. This pandemic had a massive impact on the learning and
teaching processes, especially in healthcare education, due to the predominant role of the
current student–patient interaction. Replacing the traditional form of organization and
implementation of knowledge evaluation with its web-based equivalent on an e-learning
platform optimizes the whole didactic process not only for the unit carrying it out but,
above all, for students. This research is focused on the effectiveness of the application of
e-learning for computer-based knowledge evaluation and optimizing exam administration
for students of medical sciences. The proposed approach is considered in two categories:
from the perspective of the providers of the evaluation process, that is, the teaching unit;
and the recipients of the evaluation process, that is, the students. Worldwide higher
education institutions were forced to accelerate the introduction of web-based learning
methodologies in areas where this was not the main core, such as clinical teaching. This
paper presents the current trends and new challenges that emerge from this new e-learning
environment, focusing on its potential to revolutionize healthcare education and exploring
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how it may help to better prepare future healthcare professionals for their daily practice.
The process of optimization through e-learning should become a natural part of the didactic
process conducted in every subject at all types of higher education institutions, including
medical universities.

For more than a decade, medical schools have been working to transform pedagogy
by eliminating/reducing lectures; using technology to replace/enhance anatomy and labo-
ratories; implementing team-facilitated, active, and self-directed learning; and promoting
individualized and interprofessional education [1–3]. The situation of the spread of the
novel Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) accelerated the
application of online teaching and examination in medical schools around the world. Many
authors recently considered these issues, for instance, as in a recently published paper
by Bianchi et al. about the effects of the SARS-CoV-2 pandemic on medical education [4].
Bianchi et al. presented considerations and tips for the Italian medical education system
under the new circumstances of COVID-19 [4]. While the COVID-19 outbreak has been one
of the most significant challenges faced in the history of medical education, it has also pro-
vided an impetus to develop innovative teaching practices, bringing unprecedented success
in allowing for medical students to continue their education, for instance, in ophthalmology,
despite these challenges [5]. Different types of online courses are provided at present to
develop and implement an effective learning process for medical students. Paper [3], by
Rose, presents and discusses the challenges in medical students’ education in the time of
COVID-19. This author also pointed out that additional unknown academic issues will
require attention, including standardized examinations when testing centers are closed, the
timeline for residency applications for current third-year students, and the ability to meet
the requirements for certain subspecialties prior to applying to residency [3]. Another inter-
esting example of the educational challenges during this pandemic can be found in medical
and surgical nursing, with a core course in baccalaureate nursing programs that requires
active and effective teaching and learning strategies to enhance students’ engagement [6].
The unprecedented, abrupt shift to remote online learning within the context of the national
lockdown due to the 2019 coronavirus disease (COVID-19) highlights the importance of
addressing students’ preparedness in managing their first experiences with online learn-
ing [7]. Many authors have tried to explore the medical students’ and faculty members’
perspectives of online learning during the COVID-19 era [8]. As examples, two recent
papers by Varvara et al. [9] and by Iurcov et al. [10] consider the impact of this pandemic on
academic activity and health status among medical dentistry students in Romania [9], and
also in general dental education challenges during COVID-19 for dentistry undergraduate
students in Italy [10]. At present, during the COVID-19 pandemic, e-learning has become a
potential approach to technology in education that provides contemporary learners with
authentic knowledge acquisitions. As a practical contribution, electronic examination
(e-exam) is a novel approach to e-learning, designed to solve traditional examination issues.
It is a combination of assorted questions designed by specialized software to detect an
individual’s performance. Despite the intensive research carried out in this area, the com-
pletion of e-exams brings challenges, such as authentication of the examinee’s identity and
answered papers [11]. It is important to explore the factors affecting students’ preference
for remote e-exams, methods of course assessment/evaluation, factors related to students’
exam dishonesty/misconduct during remote e-exams and measures that can be considered
to reduce this behavior [12]. This type of research has been carried out in many medical
schools around the world to evaluate the experience of students at faculties of Medicine,
Dentistry, Pharmacy, Nursing and Applied Medical Sciences regarding remote e-exams
preferences and academic dishonesty during the pandemic [12].

2. Technologies in Education

Technology has always changed methods of learning and knowledge transfer. Gener-
alized access to the Internet has brought about a revolution in learning and teaching. In
one new method, a technologically new way of publishing educational content, we now
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have previously known methods along with new elements that had no equivalent in the
past [13–16]. Their emergence in education is determined by the application of modern
digital technologies of sound and image recording and their integration with traditional
text-based instruction [17,18]. The instant sharing of e-materials for education participants
and their prompt updating by teachers is also of crucial significance. The evaluation of
student knowledge and the learning process has also been revolutionized [19]. Online tests
including a broad interface of questions and automatic verification of answers are now
available, as well as self-study tests with explanations and decision-making labyrinths
which encourage creative thinking [20–22]. The authors of papers [23–26] have published
very interesting recent examples of the usage of technological innovation in medicine. In
paper [23] by Guiter et al., the authors present the development of remote online collab-
orative medical school pathology and explain how students across several international
sites, throughout the COVID-19 pandemic, could control the digital slides and offer their
own diagnoses, followed by group discussions. In publication [24] by Guadalajara et al.,
the authors demonstrate whether it is possible to create a technological solution to flexibly
self-manage undergraduate general surgery practices within hospitals. In this interest-
ing research study, it was proven that the usage of innovative educational technology
could be efficient. The use of mobile-learning application designed to be an educational
opportunities’ manager tool might be very helpful in promoting self-directed learning,
flexible teaching, and bidirectional assessments. The authors also show some limitations for
teachers who employ a personal teaching style, which may not need either checkerboards
or a tool. Presented solution [24] supports teaching at hospitals in a pandemic without
checkerboards. In paper [25], by Bianchi et al., the authors concentrated on an evaluation
of the effectiveness of digital technologies during anatomy learning in nursing school.
Nicholson et al. also considered anatomy in paper [26], but as an interactive, multi-modal
anatomy workshop. The authors proved that an interactive workshop improved atten-
dees’ examination performance and promoted engaged enquiry and deeper learning. This
tool accommodates varied learning styles and improves self-confidence, which may be a
valuable supplement to traditional anatomy teaching [26].

3. Changes and Challenges in the Process of Education at an Academic Level

At present, students take full advantage of new digital technologies in both their daily
lives and in the process of formal and informal education [27,28]. In higher education
institutions, where teaching and learning are pursued only in the form of traditional
practical and laboratory classes held in classrooms, learners do not find the means of
information transfer that they know from the Internet. This contributes to a decrease
in effective memorizing and generally reduced motivation to learn [29–31]. Distance
education is a new method of working with students, which is becoming more crucial in
current academic education, particularly in the face of the COVID-19 epidemic [32–34].

Technological progress inevitably leads to the implementation of up-to-date tech-
nologies in distance education at every level, including continuing education [17,35–37].
Students particularly favour interactive online courses, as they seem to produce better
effects than traditional methods in terms of knowledge acquisition [38–41]. The numerous
advantages that online learning offers leads students to turn to the Internet and multimedia
sources of knowledge more than they turn to traditional textbooks [42,43]. Therefore, it
seems appropriate to implement online learning and provide access to multimedia mate-
rials that include reliable educational content, which can replace traditional classes. The
application of the methods and techniques of distance learning can be a source of competi-
tive advantage for the school. It can considerably contribute to the quality and efficiency of
contemporary student education [44,45].

The methods and techniques of distance education are commonly applied in medical
schools, and scientific reports confirm their comparable or even greater effectiveness in
comparison with traditional forms [16,37,38,44]. Acquiring skills in virtual reality will
translate to a higher quality of medical procedures being administered to patients.
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To date, most online trainings were intended for doctors (58%) and also for nurses,
pharmacists and stomatologists [46]. It should be remembered that e-learning is not ex-
clusive to higher education [47–49] but is also used for courses or training that the future
graduates of medical schools will attend, broadening their knowledge after their medical
studies [50]. A lack of experience with participating in online education is a burden for
a graduate, as there is no easy way to gain such skills outside of school. Thus, distance
learning allows the students to develop additional competences; not just digital ones but
also soft competences [51]. All of this facilitates the development of skills such as collabo-
rative work, time management and problem-solving, as well as encouraging creativity and
flexibility. Consequently, embracing state-of-the-art technologies may result in a growing
number of better-educated graduates who can adapt to the changing labour market and
are interested in positions that present nontypical professional and scientific challenges.

Before the pandemic, distance education in medical universities, due to its character,
was pursued mainly as part of a hybrid system, in which part of the learning process
takes place in direct contact with the teacher in the classroom, and the other part takes
place online [39,40,48]. In the case of practical classes, virtual education is combined with
supervised hands-on practice, performed on patients in a hospital or medical simulation
centres. Such is the nature of most courses taught at medical universities.

Additionally, education through simulation is becoming increasingly popular in the
medical academic environment. This is the best teaching method, enabling the creation
of real situations in risk-free conditions. Decision-making games can be used successfully
in the educational process of future medical staff. The aim of this work was to create a
didactic computer program “Trauma”, analyze its impact on students’ knowledge of the
direction of medical rescue and evaluate the attractiveness of classes conducted using this
method. The results show that the use of the “Trauma” program in didactics has allowed
for improvements in the knowledge and skill levels of students taking part in the study in
the field of trauma patients’ treatment. In the assessment of students, the classes in which
the program was used were interesting. The vast majority of respondents would like to
participate in such classes again [52].

There are few reports concerning distance education in medical schools in Poland,
especially its application in teaching and learning, as well as in evaluation, comprising
credits and examinations [19–21,39,40,53]. It can, therefore, be concluded that, prior to the
outbreak of the COVID-19 pandemic, distance learning was not common or its scope was
limited. The present paper is a contribution to an academic discussion on e-learning for
basic sciences and particularly its use to optimize the amount of time devoted to preparing
an exam for medical programs. It looks at two categories: its usefulness for the educational
institution and the recipients of the process—in this case, medical university students. The
scope of the article involves a comparison of the amount of work time is needed before an
examination administered entirely in a computer-based form and how much work time is
needed before one given in a traditional paper-based form.

4. Data and Methods

The data collected in the article present the results of research into the working time
and organization of electronic (in an e-learning portal) and traditional version of the
evaluation of medical knowledge (without e-learning technologies) expressed in minutes
(clock hours). The statistical analysis is based on descriptive statistics with the use of
Excel [54] and R language [55]. The analysis shows the sum of the working time (clock
hours) according to own formulas describing the same process, including a way to build
databases for knowledge evaluation. There was no need to statistically analyze the collected
data using statistical tests, as the complete data were compared.

The research conducted by the authors is very demanding, due to the labor-intensive
preparation of databases, level of technology competence, slower implementation of e-
learning in medical education, which is significantly different from education in other
fields, and its use by a large group of students from one year. For this reason, standard
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educational theories were insufficient and could not fully meet all the conditions for the
study and the stated goal of the authors’ analyses. It was necessary to develop own
procedures, accounting for the e-learning methodology.

The research necessary to carry out an analysis of the optimization of knowledge
evaluation was conducted in the Department of Pathophysiology in cooperation with the
Department of Computer Science and Statistics of Poznan University of Medical Sciences,
Poland (PUMS) in the academic years of 2009–2019. Academic teachers (knowledge supply),
technical and administrative staff (organizational support) and medical e-learning experts
were involved in this research. An electronic evaluation of knowledge was conducted on
the Online Learning and Training (OLAT) e-learning portal under an open source license.

The analysis of working time and the organization of electronic knowledge evaluation
was carried out on 333 students in their second year of medical studies in the preclinical
subject of pathophysiology in the 2018–2019 academic year. These students were studying
for one year, and completed the subject at the same time.

The analysis of teachers’ working time in the preparation of substantive content
in pathophysiology, including the database of international standards for testing and
assessment [19,20], the Question and Test Interoperability (QTI), was carried out in the
2015–2016 academic year. The same team of teachers and employees supporting the work
participated in the organization and implementation of the evaluation of the delivered
traditionally and with the use of an e-learning portal. It was necessary to compare both
versions, implementing the evaluation of knowledge in pathophysiology for a large group
of students at the same time.

5. Preliminary Conditions for the Analysis of Work Time Devoted to Administering
Examinations in Medical Sciences

The analysis of the amount of time devoted to the evaluation of students’ performance
requires data on the distribution of tasks necessary to set regular exam and paper-based
credit test in comparison with its electronic counterpart on an e-learning platform. The
organization of the evaluation of students’ knowledge usually involves teachers, supported
by administrative and/or technical-engineering staff. Student evaluation, conducted in
large groups in the traditional form, requires cooperation between these staff members in
the auditorium hall or a lecture hall in which the exam or credit test is held; their work is
purely organizational, not substantive.

The analysis of the amount of time devoted to the evaluation of students’ knowledge
in the medical program was conducted using the subject of pathophysiology as an example.
This subject is taught in the 2nd year of studies, where the number of students is very
high and often varies between 200 and 400. This serves to demonstrate the usefulness
of e-learning for the evaluation of students’ knowledge. The example presents how it is
carried out on an e-learning platform, which complies with the international standards for
testing and assessment [19,20], Question and Test Interoperability (QTI).

The study was conducted on a sample of one grade-level group, comprising 333 stu-
dents taking the course over one semester of an academic year at the Department of
Pathophysiology in PUMS [53].

6. Implementation of Evaluation of Knowledge in Pathophysiology

Continuous assessment tests (benchmark tests) given throughout the course, as well
as the final test, had to be administered on the premises of the university, according to the
act on studies pre-COVID [56].

The course in pathophysiology includes three tests:

1. An introductory test in physiology, beginning the subject;
2. A test on clinical cases, summarizing practical classes;
3. A final test covering the substantive knowledge provided during practical courses

and seminars.
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Lectures in the subject also end with a summative test, which constitutes either part
of the final exam or the credit required for course completion.

The analysis of the process of knowledge evaluation does not account for retakes
(two additional attempts) to which students who fail continuous assessment are entitled.
Similarly, the report does not consider retake final exams, which are available to people
who fail the final exam. Sometimes a need arises to organize a committee course crediting
for students who do not pass the course according to the above rules, or a committee exam
granted by the Dean, following the consideration of an individual application submitted
by the student or teacher.

Following the School Regulations, there must be two dates for the exam, settled by
the student representative and the examiner. Additionally, the so-called pre-term exam
date may be established, which increases the number of exam dates. Consequently, the
minimum number of dates scheduled for the first-attempt examination is three. Every
student independently decides on which day he or she wants to take the exam, considering
his or her credit and exam calendar. Still, other individual cases have to be noted when
a student or a group of students requests a different date to those already scheduled,
which may be due to a fortuitous event or the individual organization of studies. As is
apparent from the above, the evaluation of knowledge is somewhat burdensome for the unit
responsible for the teaching process and the exam session. It requires excellent organization
and flexibility, the fixing of teachers’ dates with the students’ requests and the availability
of the halls where the evaluation is to take place. Accommodating all these aspects is a
tough challenge for those coordinating the teaching process in a given department.

The university runs a continuous examination session, comprising a period of one or
more years of study, during which the exams can be taken at any date. A regular two-week
exam session, held directly after the end of the term for all subjects, is unworkable here, not
least for organizational reasons. Such a session is hardly feasible, especially for students of
medical programs, where groups are enormous.

7. Traditional Examination vs. an E-Exam on an E-Learning Platform

Table 1 presents a comparison of the organization and implementation of knowledge
evaluation, using a traditional paper version and an online evaluation. This is a comple-
ment to earlier classifications and comparisons, compiled at Poznan University of Medical
Sciences in the years 2009–2013 [19], using the example of courses in pathophysiology,
medical didactics and andragogy, biostatistics, mathematics or information technology, for
different study programs.

Requirements that have to be met to conduct a computer-based evaluation of knowl-
edge on an e-learning platform include:

1. Information technology facilities in the university. An increasing number of universi-
ties are now equipped with advanced facilities such as examination centers, medical
simulation centers, libraries and computer labs for the Chair of Computer Science,
fitted with a sufficient number of computers. An online exam can be held on the
school’s e-learning platform. Another solution is to deploy smaller seminar rooms on
the campus, each equipped with 20–25 computers, where online exams can be held
with the support of administrative or technical-engineering staff. Benchmark tests
throughout the course are run in classrooms where desktop computers or laptops can
easily be installed without changing the arrangement or intended use of the room.
To optimize the effective use of computer rooms and help examinees schedule their
tests more conveniently, different exams can be administered in one place at one time.
Some students can make their first attempt, others can retake, and those with an
individual organization of studies might take their summative credit test.

2. Information technology facilities of the participants of the evaluation. Currently,
every student has a few electronic devices with Internet access at their disposal.
Consequently, online evaluation during the course can be conducted using students’
own equipment.
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3. Testing out of school. According to an ordinance of the Minister of Science and Higher
Education [49], an examination can be held outside of school under conditions that
allow for supervision and recording of the exam.

4. Support from the experienced. The departments conducting online evaluation should
receive technical support from the IT units responsible for the computer infrastruc-
ture of the university. The help provided by experienced teams, which develop and
implement e-learning tools or educational research technologies, is vital [18,35,45,57].
These tasks are assigned to university e-learning centers, specialized research units,
research departments or other larger academic departments, where e-learning special-
ists are employed part-time or for the duration of a project, supporting knowledge
evaluation processes.

Table 1. A comparison of tasks necessary for the implementation of student evaluation.

No. Task
Method of Testing

Paper-Based Computer-Based

1. Preparing test questions For a single exam Question bank sufficient for a few years
of testing

2. A few sets of questions for
a test

Preparing new versions of questions
is necessary

A unique collection of questions for each
student from the existing question bank

3. Preparing questions for
the retake New versions necessary

Preparation of new questions;
unnecessary questions are drawn from
the existing question bank

4. Graphic- and
multimedia-based questions

Difficult and rarely used. The projector is
available in halls with Internet access.
Difficult to manage with large groups of
examinees.

Easy to manage and increasingly used.

5. Copying and distributing Printing paper version.
Confidentiality necessary None. Confidentiality unnecessary

6. Duration of the test Difficult to enforce a timeframe with large
groups of examinees.

Automated and individual time control
for each student

7. Independence of work

Dubious. A few (2–3) versions of the test
with the same order of questions and
answers. Difficult to manage with large
groups of examinees.

Independent work of the student. Each
student gets a (randomly selected) set of
questions with a random order
of answers.

8. Assessment Necessary. Work after the exam None. Automated instant assessment on
the platform

9. Exam results After some time. Within five working days Immediately after the test

10. Issuing the results
Necessary. Sending the results by e-mail or
entering an e-form of student achievement
(virtual student office)

None. Automated information in student
account on the platform

11. Exam archiving
Necessary. Labelled sets of tests must be
stored in an indicated place in an arranged
class/group order

None. Automated, with access to tests by
any search criteria for every class

12.
Course evaluation/
participation in
evaluation surveys

Rarely used. Requires additional preparation
(printing) and organization of the exam.

Easy to administer. Fills the free time
before or after taking the exam.

13.
Exam paper score review
(assessment feedback) for
students and teachers

Appointment in the storage room requires
searching for the exam paper.

Instant review in any place with
Internet access.
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8. The Amount of Time Devoted to Preparing a Computer-Based Exam, on the School
Premises, Compared to Its Traditional (Paper-Based) Version

Table 2 presents a sample application of the above comparison, including the analysis
of the work time and tasks necessary to evaluate the basic science knowledge (pathophysi-
ology) of 333 students attending the course on the school premises. The set comprises one
final exam and three benchmark tests throughout the course: four tests in total. Benchmark
tests are scheduled to be taken on predetermined dates during the classes. For some
of the tasks, the amount of time is difficult to estimate, so they are described without a
determined duration. However, staff members are able to state duration on an individual
basis depending on the department in which they work.

Table 2. The amount of time devoted to preparing and administering knowledge evaluation using traditional paper-based
tests vs. online tests on an e-learning platform.

No. Task
Method of Testing

Paper-Based Computer-Based

1. People involved in
the evaluation

T: teachers and A: assistants, administrative
staff or technical-engineering staff

A: assistants, administrative staff or
technical-engineering staff and
T: teachers.

2. Preparing test versions T. prepares and sends the A. 2–3 electronic
versions of tests by e-mail

0 min. Question bank sufficient for a few
years. The time needed to create it
currently under analysis

3. Copying and printing

(60–120 min) A’s work with four tests.
Preparation of tests divided by group,
printing paper versions.
Assumed time: 15–30 min per test.

0 min. None

4. Registration for an exam.
A. Collecting lists of students, coordinated by
A. via e-mail or in person with
group representatives.

Online, on the platform. The student
registers with a convenient date,
time, place.
The choice can be cancelled.

5. Order of questions and
answer choices in the test

The same, 2–3 versions of the test.
Independence of students’ work difficult
to oversee.

Different, random set of questions and
answers—multiple versions.
Independent student work

6.

The Time required to
administer one exam on
the premises.
Benchmark tests are held
during classes.

(100–200 min) T and/or A: two supervisors
simultaneously 100 min each (auditorium
hall), or in two rounds on one day with two
supervisors × 100 min = 200 min
(lecture hall).

(400 min) A and/or T: four supervisors in
four computer rooms simultaneously.
Exam carried out in four rounds at four
times on one day: 4 × 100 min = 400 min.
Department can accommodate 84
students per round.

7. Assessment.
(marking students’ work).

(3996 min) A: We assume 3 min. Is necessary
to mark one student paper with a template.
333 papers × 4 tests × 3 min = 3996 min
= 66.6 h equals 8 working days
One test: 333 papers × 3 min = 999 min
= 16.7 h (approx. 2 working days).

0 min.

8. Test results Students receive the results a few days
later—up to 5 working days.

The student knows the result
immediately after the test.

9. Marking (grading) errors
(30 min) A: Highly probable. Time is
required for re-marking, counting the points
again and sending explanations to students.

None.
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Table 2. Cont.

No. Task
Method of Testing

Paper-Based Computer-Based

10. Test result delivery

(44.4 min) A: Entering the results to an
e-form of student achievement (virtual
student office) and notifying students.
We assume a required time of 2 s per result.
333 papers per test × 2 s = 666 s, with four
tests this amounts to 4 × 666 s = 2664 s
= 44.4 min.
There is a likelihood of committing errors
while entering the results.

0 min.

11. Archiving test papers on
the premises

A. 333 papers per test
For 4 tests, 1332 papers are stored in cabinets
on the premises.

None. All works are available
online—see the example below.

12.
Calculating the average score
for crediting after three
benchmark tests

(15–30 min) A. Advanced use of spreadsheets
required. Result analysis concerning retakes
and preparing a list of people who failed
the course.

0 min. Automated scores on the platform.
Result lists can be imported as an .xls file.

13. Access to current and past
results and papers

A. Searching for paper-based tests in
department archives and/or in files on a
computer disc—is time-consuming

A/T. Full access on the platform
(example—figure)

14. Result availability for students None. Yes. All test results are available in one
place on the platform (example—figure)

15. Course evaluation/
study surveys

A. Difficult to conduct—rarely practised.

(1) Survey/questionnaire printout
necessary.

(2) Significant amount of time required to
enter hand-written answers in the file.

(3) Poor hand-writing legibility.

Frequently practised—guarantees close
to 100% student participation.

(1) Automated process.
(2) 0 min. time required to enter

hand-written answers to the file.
(3) Everything is instantly recorded in

a file on the platform, ready to be
imported to an external data
storage device.

Total of work time to preparation
and implementation of
knowledge evaluation:

4245.4–4420.4 min.
equals 70.8–73.7 h
Assumed average = 72.2 h

400 min = 6.7 h

Recapitulation of significant aspects
of the organization of
knowledge evaluation:

(1) printout of large numbers of test papers,
(2) required space for archiving thousands

of test papers,
(3) score review possible only on the

premises, during the school’s
working time,

(4) T. needs support from A./staff for
distributing, assessing and
archiving tests,

(5) T. creates a few test versions for every
course edition. Work is demanding,
taking place under time and
deadline pressure.

(1) more people physically involved in
conducting the exam,

(2) access to computer rooms,
(3) labour-intensive creation of

question bank in the first year of
testing, which is a capital for the
future. Subsequent editions of the
course require minor corrections,
updating the database. New
questions created by T. are
continually supplied over the
whole year, without the time and
deadline pressure.

Symbol h in the table stands for one hour—60 min.

9. The Analysis of the Amount of Time Needed to Create an Examination Question Bank

The creation of an electronic database of questions used for exams and credit tests
consists of two stages of work, carried out by teachers alone or teachers supported by
administrative or technical-engineering staff. The preparation of questions involves the
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time spent working on the actual substantive content and then the time needed to save
them in the QTI format. This is a standard format used in computer-based knowledge
evaluation held on e-learning platforms [19,20].

Studies conducted in the years 2015–2016 [58] demonstrated that teacher working
time devoted to writing 20 pathophysiology test questions, with 4–5 answer choices
in an electronic form, varied between 40 and 150 min. Therefore, the time needed by
pathophysiology teachers to develop a bank of 200 questions is 18.5 h of work and an
additional 8 h to export the questions in QTI format. This is performed by entering the
questions from a document created by the author (teacher), followed by parameterization.
This relates to, for example, answer keys, the random selection of answers, ways of
displaying the question on the screen, or a random selection of questions from the bank.
This work is performed once, and it serves its purpose for many years in the future.

Preparing a question bank of 200 questions for use in e-testing on an e-learning
platform thus takes 26.5 h of work time. The analysis of the results in the above table for a
computer-based test shows a calculated work time of 6.7 h, plus 26.5 h to create a question
bank in QTI standard format. The summative result is 33.2 h. Traditional testing takes
longer, approximately 72.2 h. This is the result of the analysis of the testing process presented
in Table 2, plus the time spent composing the actual test questions (item 3, Table 2). We
assume that 200 questions have to be developed for the paper-based test versions, which
takes teachers about 18.5 h. Work time required in the case of a traditional test amounts to
90.7 h. Comparing the conventional form with the computer-based form, we can conclude
that the latter is much more effective and beneficial for the educational institution, as it
takes 37% of the time necessary to conduct a traditional form of testing. The time saved
can be allotted to other teaching assignments, such as expanding the question bank at any
time that they see fit.

The substantive content, depending on the nature of the subject, has a predicted
lifespan of from 5 to 7 years from teaching the course [19,58,59]. The amount of time
required to create an electronic question bank in the first year of e-testing and evaluation
is more significant than that required for paper-based test versions, but it is spread over
5 to 7 years of use. The obtained values then have to be divided by at least 5, which
provides the real hourly workload needed to develop an electronic question bank for a
given academic year.

The size of the question bank developed for a given unit should depend on the number
of groups, in which credit tests are administered as well as the number of course editions
over one academic year. It is also important that a few test/exam dates are available per
attempt, which is typical of the continuous examination session. The more students, test
dates and course editions there are, the larger the base should be, to ensure an objective
evaluation of student knowledge.

The amount of time required to expand the question bank in a database was also
analyzed, and the results were calculated with regard to the work time needed for its
development, along with the work time needed to prepare and carry out the testing
process, comparing paper- and computer-based forms (Table 3).

Examining the results obtained in Table 3, we can see that, in the case of a question
bank comprising 1600 test questions, the amount of time needed to organize and prepare
the process of knowledge evaluation is similar for both paper-based and computer-based
testing. When the number is increased to 2000 questions, the computer-based form requires
more time than the traditional version. Work time is longer by 14.5 h, which is an increase in
time of 5.6% compared with the traditional form. Plans to develop a base of 3000 questions
or even 5000 questions leads these values to rise to 15.6%. This is, respectively, 54.5 h of
work time for a 3000-question database and 134.5 h for a 5000-question database, which is
the extra time required in comparison with the traditional form of testing.

Therefore, it seems legitimate to ask whether computer-based evaluation, which requires
a database of over 1000 questions, is, in fact, as useful as previous studies have suggested.
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Table 3. The analysis of work time devoted to developing a question bank for paper-based and computer-based knowl-
edge evaluation.

Number of
Questions in

the Base

Work Time in Hours (60 min) [h]

Developing a Question Bank
(Item 2 in Table 2)

Organization and Implementation of the
Knowledge Evaluation Process

(All Items from Table 2)

Paper-Based Test I Computer-Based Test III Traditional Testing II Computer-Based Testing IV

1 × 200 = 200 18.5 26.5 90.7 33.2
2 × 200 = 400 37 53 109.2 59.7
4 × 200 = 800 74 106 146.2 112.7

5 × 200 = 1000 92.5 132.5 164.7 139.2
8 × 200 = 1600 148 212 220.2 218.7
10 × 200 = 2000 185 265 257.2 271.7
30 × 200 = 3000 277.5 397.5 349.7 404.2
50 × 200 = 5000 462.5 662.5 534.7 669.2

I time for developing the content of 200 questions—18.5 h; II the result of adding the amount of time from the paper-based test column and
the time calculated in Table 2: 72.2 h; III time for composing 200 questions and saving them in QTI format—26.5 h; IV the result of adding
the amount of time from the computer-based test column and the time calculated in Table 2: 6.7 h.

To answer this question, other variables of the evaluation process must be analyzed,
which influence the development of a question bank. These include a deadline for compos-
ing new questions, the number of teachers involved in the task and their IT competencies,
and cooperation between units implementing e-evaluation. These aspects make it apparent
that the traditional, paper-based form has severe limitations and are less useful when con-
ducted on large groups of students, despite the reduced work time. When these aspects are
added to the workload and organization time of the computer-based form, the difference is
leveled for the excess time in the case of databases of over 1000 questions.

9.1. Time Pressure, Question Reusability

The sets of questions composed for paper-based tests form a base, which has to contain
different or updated questions in every exam session. Paper-based test versions used with
large groups of students in a given academic year are quickly known, so in order for them
to be used again in the next academic year, they have to be revised and adjusted, which
is as time-consuming as composing new questions. The work of writing questions for
traditional tests has to be completed every year, and the deadline is determined by the
pre-established schedule of tests. Consequently, the work is completed under time pressure,
irrespective of the other assignments that teachers may have. That is why the development
of question banks is sometimes abandoned, or too few questions are provided for the
evaluation to be conducted properly. This stems from the ease of making the questions
banks public, or a lack of randomness in test versions. For computer-based evaluation,
the bank of questions can be enlarged as they can be supplied at any given time in the
academic year, and combined with other activities. Inspiration for a valuable question
could be derived from a discussion with students during a lecture or a clinical case study in
a seminar. New test questions often appear as a result of the analysis of students’ work on
the e-learning platform or their self-test scores. Then, the teacher enters the new questions
in the QTI format to the database at a convenient time. The work is calmer and more
thoughtful, which translates into valuable testing material, which will serve well in the
verification of learning outcomes.

9.2. Cooperation between Units

It is rare for a unit to have a question bank of over 1000 questions. Composing such a
large number of questions is a challenge in terms of time expenditure and content-related
effort. To support the process of developing substantial content, a collaboration of a team
of experts from a given unit or a whole school would be advantageous, as the time devoted
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to creating questions would be spread. Such a question bank saved in the international QTI
standard format can easily be relocated to another e-learning platform, which implements
computer-based evaluation standards. This, in turn, allows for different universities to
share their databases, which naturally enlarges the pool of proven test questions. As a result,
the time needed to develop questions for a single unit, calculated in Table 3, is significantly
reduced. Such resources are invaluable to units collaborating in their creation for particular
courses whose learning outcomes are the same in respective institutions. Such cooperation
between teams of experts enables the workload to be significantly reduced. Writing exam
questions is a complex and difficult process, so databases of over 1000 questions are an
asset for many years to come, and clearly worth investing in.

9.3. A Further Period of Use

A question bank of the right size gradually reduces the amount of time necessary for
creating substantive content and restricts the work to revising and updating the questions.
This is not as time-intensive, and levels the excess time seen inn Table 3 for pools containing
over 1000 questions. In the case of paper-based exams, the amount of time taken to develop
the substantive content of questions is always the same, which is a strain for teachers.

9.4. Experience Backed by Statistics

Another important aspect concerns the analysis of the usefulness of test questions
in the utilized database. Keeping the statistics and assessment of the question bank after
the conducted evaluation in a given year seems to be a necessity. It allows the user to
investigate the content, paying attention to the elimination of flawed test questions, ones
that did not work or those at the wrong level of difficulty. It also serves to objectively
analyze suggestions from students, who can express their reservations about questions
after the exam or credit test. Questions should be thoroughly verified, with an emphasis
on the scores achieved by all students taking the test. This will contribute to a reduction in
the work time needed to supply new questions in future, and will definitely shorten the
time spent on the substantive content of questions for banks containing over 1000 items.

9.5. ICT Competences of the Teaching Staff

A computer-based evaluation of student knowledge encourages the development of
ICT competences in its participants, both students and teachers. Online testing will help the
teachers improve their computer proficiency and develop their competences in this field,
which will also contribute to a reduction in the work time needed in future concerning the
conversion of questions to the QTI standard.

9.6. Summary of Work Time Analysis

The calculations made for databases of over 1000 questions demonstrate a longer
work time needed for computer-based testing than paper-based testing; however, in the
long term, the overall workload for a unit is reduced. It can thus be concluded that the
electronic form is more advantageous and efficient than the traditional form.

Determining the labour cost and time involved in the process of knowledge evaluation
in a particular teaching unit in one academic year must also consider the gains derived from
the switch to an automated process. These include exempting assistants, administrative
and technical-engineering staff from organizational duties connected with preparing and
implementing the evaluation. The time devoted to preparing paper-based versions of tests,
marking them using a template and archiving the results can be saved, and invested in
developing their ICT competences. Their work on the e-learning platform will become
more proficient and guarantee support to the authors of test questions in the creation and
updating of items on the platform.
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10. Discussion

The research was performed at the Department of Pathophysiology in cooperation
with the Department of Computer Science and Statistics of Poznan University of Medical
Sciences, Poland (PUMS). Academic teachers attended the research, as well as technical and
administrative staff, and also e-learning experts. In 2009, this team introduced an e-learning
portal for the entire university, further conducting its own research on the effectiveness
and optimization of medical e-learning.

The research presented in the article was conducted by the Department of Pathophysi-
ology, Poznan University of Medical Sciences, Poland on the ESTUDENT portal for remote
education, which is an installation of the OLAT applications developed by the University
of Zurich under an open-source license. The ESTUDENT portal is a proprietary LCMS
application adapted to e-learning in the field of pathophysiology.

The described analysis of working time and the organization of electronic knowledge
evaluation was carried out using an example of a large year of students in their second
year of medicine in the preclinical subject of pathophysiology.

The working time of the analyzed knowledge evaluation through the e-learning portal
is about 10% of the working time needed to carry out the evaluation in a traditional way.
Electronic knowledge testing requires a greater amount of work time in the first year of
application, due to the preparation of a larger database of questions compared to the
number of questions required for the evaluation of knowledge conducted in the traditional
(paper) version. However, teachers’ working time is spread over 5–7 years of using the
electronic question base. As part of the research, an analysis of the working time of building
the database from 200 to 5000 test questions for the evaluation of knowledge in e-learning
and the evaluation carried out in the traditional version was performed.

The data presented in the article are the result of pioneering research conducted
by the authors in the field of the evaluation of preclinical knowledge of very numerous
generations of medical students using the e-learning portal, which was carried out in
2009–2019. The described electronic realization used the example of the academic year of
2018–2019, when 333 students were studying medicine. On the basis of our own research,
in 2015–2016, the time spent by teachers on exam questions was measured for those
participating in traditional education and the e-learning portal. To conduct this research,
the same team of academic teachers must participate, and the same conditions must be
met for the implementation of both traditional knowledge evaluation and evaluation using
e-learning methods.

The confirmation of the usefulness of e-learning in medical education is in the com-
parison of the benefits and limitations of the electronic evaluation of knowledge and the
didactic process and evaluation using the traditional implementation. The work contains
such analyses, also indicating the different stages of conducting these components of edu-
cation in the e-learning portal. An important element of the research was the analysis of the
work time needed for the preparation and implementation of electronic knowledge evalua-
tion. The results clearly indicate the advantage of e-learning over traditional organization
in terms of the implementation of examinations and surveys.

11. Summary of Study Results

The application of e-learning for computer-based knowledge evaluation and optimiz-
ing the administration of exams for students of medical sciences should be considered in
two categories: from the perspective of the providers of the evaluation process, that is, the
teaching unit, and from the recipients of the evaluation process, that is, the students.

The advantages to computer-based evaluation providers, that is, the teaching unit, include:

1. Automated test marking and information about the result (course credits, passing
an exam).

2. Exporting test scores as a spreadsheet with the possibility of importing scores to a
statistical package for quick analysis of the obtained data.
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3. Full archiving of all evaluation results, including practice tests (self-tests) and papers
submitted as project work or group work during the course or as a credit requirement.

4. Online access to current and archived results of evaluations, broken down by group,
date or type of test, with full information about the test results for each student.

5. Web-based questionnaire administration. The excess time during the evaluation
can be used to administer course evaluation questionnaires or study surveys. This
encourages student participation in research projects and ensures a high questionnaire
return rate, which cannot be said for paper questionnaire distribution.

6. Developing a question bank without time or deadline pressure, except for the first year
of e-evaluation, which requires a heavier workload and more time for preparation.
An extensive database is more cost-effective in the long term.

7. Random selection of test questions from a large database with a random order of
possible answers, providing a more objective assessment of a student’s knowledge.

8. An opportunity to use questions based on graphic or multimedia elements. In paper-
based evaluation, such possibilities cannot be used efficiently; an exam could be
held in a room with Internet access and projector but, in the case of a large group of
examinees, this is organizationally difficult.

9. Investment in the development of the staff’s ICT competences, resulting in a higher
proficiency in work on the e-learning platform and its full application in the orga-
nization and realization of the didactic process. The time saved can be devoted to
composing new test questions.

The advantages to computer-based evaluation recipients, that is, the students, include:

1. Test results are delivered immediately after the test. In the case of practice tests,
the student receives detailed results accompanied by correct answers, explanations
and hints.

2. Access to all evaluation results from the course in one place, on the e-learning platform.
3. Automated and individual control of each test-writing time.
4. Independence of students’ work during a test or examination. Each examinee has

an individual, random selection of questions, drawn from an extensive database,
with a random order of answer choices and a time limit depending on the need and
test parameters.

5. Comprehensive communication regarding the organization of evaluation via the
e-learning platform. This includes enrollment for test dates with the possibility of
cancelling and changing them, without the necessity to contact the unit or group
representatives, who often compile lists of students and deliver them to teachers.
It also includes the submission of complaints or remarks concerning test questions
online after the test.

6. Computer-based evaluation saves students’ time and improves their participation.
The time saved can be dedicated to additional study and revision before the exam.

12. Limitations

The authors’ research indicates several factors common to the evaluation of knowledge
in large groups of students completing a subject at one time, and the factors significantly
influencing the optimization of this process. This includes the labor-intensive preparation
of databases with questions, the competence level of suppliers (teachers) and recipients
(students) of knowledge in the field of e-learning technologies, ensuring conditions for
independent work (parameterization of tests or examination rooms), archiving results or
the speed of feedback after evaluation knowledge.

Certain elements of this process are changeable and difficult to standardize, depending
on the university’s IT infrastructure. The differences may be related to the type of e-
learning application or technical service support, which can be expanded on, and is at
the full disposal of the candidates (university-wide center) or available locally (unit’s
own resources).
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In order to optimize the implementation of the process, both traditional and e-learning
variants should be carefully analyzed with the same human team, as shown in the diagram
from the university, paying attention to its individual conditions (limitations, possibilities
during a pandemic) and the specificity of issues. The final calculations may, therefore,
differ slightly from those presented in the article. The analysis presented by the authors,
as an example, indicates the superiority of the evaluation using e-learning technologies
compared to the traditional evaluation. It proposes solutions to the optimal direction of this
process, paying attention, for example, to cooperation between units, and sharing resources
that will minimize the time spent working on question databases. The presented analysis
is typical of universities working on open-source portals with limited funding, which
is common in Eastern and Central Europe. It allows for a successful, remote execution,
quickly, in one’s own unit, over times such as the SARS-CoV-2 pandemic.

There are no complete, detailed analyses with the work time for all stages of work
and the organization of medical evaluation for groups of more than 300 students. In order
to be perform such analyses, the same team of academic teachers should be involved,
and the same requirements should be met in the implementation of both traditional and
remote application knowledge evaluation. Research also requires time and experience in
the field of e-learning, which significantly affects the effectiveness of the process. There
is no well-established educational theory for e-medical education, as remote methods
contain parameters that are not known in traditional medical education. Research and
discussion on the standardization of e-education and the development of patterns into
which medical universities and schools are forced by the pandemic, testing of existing
solutions, indications of limitations and addition of new variables are necessary in the
important process of evaluation of the knowledge of medical students, who will become
doctors (physicians).

13. Conclusions

Replacing the traditional form of organizing and implementing knowledge evaluation
with a web-based equivalent on an e-learning platform optimizes the whole didactic
process, not only for the unit carrying this out but, above all, for students. Due to this
innovation, course participants have the opportunity to take full advantage of all the
technological solutions that e-learning provides, with an implementation that can start
from computer-based evaluation. The process of optimization through e-learning should
become a natural part of the didactic process, conducted in every subject at all types
of higher education institutions, including medical universities. The obtained results
encourage their implementation, considering the nature and conditions of medical training,
which is a key program in medical universities.
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Abstract: Background: The coronavirus 2019 (COVID-19) pandemic forced students and teachers to
rapidly adopt digital education methods. Proper guidance for and refinement of such methods is
continuously required. Here, we report on the educational experience students and academic staff at
the neurosurgical department of a German university hospital made with digital teaching modules
(DTMs) that were newly developed due to the transition to digital teaching during the first year of
the COVID-19 pandemic and on the insights gained therefrom. Methods: Nine newly created DTMs
provided students the option to anonymously evaluate each module by assigning a score from 0
(worst value) to 5 (best value) to it. Access count, evaluation count, average evaluation, number of
included (interactive) figures, number of presented cases, number of linked publications, and number
of included multiple-choice questions for each DTM were recorded retrospectively. For each DTM,
we aimed to correlate access count, evaluation count, and average evaluation with the number of
included (interactive) figures, number of presented cases, number of linked publications, and number
of included multiple-choice questions. E-mail responses from individual students as to the DTMs
were collected. Among students, an anonymous, voluntary online survey regarding the DTMs was
conducted. Results: Number of figures and average evaluation per DTM were significantly positively
correlated (Spearman’s rho = 0.85; p = 0.0037). Number of figures and number of evaluations per
DTM were also significantly positively correlated (Spearman’s rho = 0.78; p = 0.0137). Responses from
individual students indicated that illustrative cases and interactive figures might further increase
DTM popularity. Conclusion: As a valuable adjunct in medical student education, DTMs should
contain (interactive) figures, illustrative cases, a scoring option, and the option to give individual
feedback towards the academic staff.

Keywords: COVID-19; digital teaching modules; feedback; learning management system; medical
student education; neurosurgery

1. Introduction

Coronavirus disease 2019 (COVID-19) is an infectious condition caused by severe
acute respiratory syndrome coronavirus type 2 (SARS-CoV-2) [1]. COVID-19 has an incu-
bation period of up to 14 days during which the virus may already be transmitted [1]. For
COVID-19, a basic reproduction number (R0) of 2.5 has been estimated [1]. COVID-19 case
fatality rates (CFR) of approximately 4 per cent have been encountered in some highly
developed countries, such as Denmark and Germany, and much higher CFR have been
observed elsewhere [2]. In a systematic meta-analysis, the infection fatality rate during the
first wave of COVID-19 was found to be 0.68 per cent [3]. Since the end of 2019, COVID-19
has evolved into a pandemic [1] that made governments worldwide implement unprece-
dented non-pharmacological interventions in order to respond to the rapid spread of this
new, life-threatening disease [4]. One of these measures, namely the enforcement of social

Healthcare 2021, 9, 1141. https://doi.org/10.3390/healthcare9091141 https://www.mdpi.com/journal/healthcare229



Healthcare 2021, 9, 1141

distancing, resulted in fast transition from traditional teaching to digital teaching where
feasible [5–7].

Prior to the emergence of COVID-19, we had already had access to a server host-
ing a derivative of the open-source digital learning management system (LMS) ILIAS
(https://www.ilias.de) (accessed on 27 June 2021) [8] tailored for medical education
(“Knowledge-Based Medical Education” (k-MED)) (https://www.kmed.uni-giessen.de)
(accessed on 27 June 2021) [9] at our university. At that time, medical student education at
our neurosurgical department had mainly consisted of traditional lectures and seminars
and with daily changing attendees, bedside, and operating room (OR) teaching. In March
2020, the first lockdown in Germany (https://www.bundesregierung.de/breg-de/themen/
coronavirus/beschluss-zu-corona-1730292) (accessed on 27 June 2021) [10] prompted us
to implement contact tracing and social distancing measures, including digital teaching
and changed schedules for approximately 160 students per term: lectures were thence-
forth made available as moving picture experts group 4 (.mp4) files on the ILIAS server,
while bedside and OR teaching necessarily continued with attendees changing weekly or
biweekly in order to facilitate contact tracing. For the seminars, a hybrid approach was
chosen: the option to attend traditional seminars as long as regulations allowed this (with
mandatory enrolment prior to each event in order to facilitate contact tracing) was comple-
mented with 9 ILIAS digital teaching modules (DTMs, Table 1) that authors B.V. and R.R.
had developed from scratch after the first lockdown. The content of the DTMs matched the
educational aims of the fourth year medical students’ course in neurosurgery at our univer-
sity. At the beginning of each term, all students—each at the same level of experience—were
provided with a catalogue of the educational aims. Each DTM was designed to be followed
independently from other DTMs, with prerequisites, i.e., recommended book chapters or
video lectures, clearly defined. Numbers of figures, interactive figures (i.e., figures with
additional information, such as the names of anatomical landmarks revealed by a hovering
mouse pointer), cases, linked publications, and multiple-choice questions varied between
DTMs (Table 1).

Table 1. Characteristics of 9 digital teaching modules.

Topic Average
Evaluation

Number of
Evaluations

Number of
Accesses

Number of
Figures

Number of
Inter-Active

Figures *

Number of
Questions

Number of
Cases

Number of
Linked Papers

Aneurysmal
Subarachnoid
Hemorrhage

4.5 13 90 4 0 2 1 1

Impairment of
Consciousness 4.5 11 162 4 0 5 1 2

Elective Neurosurgery
During the COVID-19

Pandemic
4.0 7 77 3 0 2 1 1

Fluorescence-Guided
Glioma Surgery 1.0 5 85 0 ** 0 2 1 3

Intracranial Pressure 5.0 13 98 7 0 6 1 0
Brain Death 4.0 7 126 2 0 4 0 2

Hydrocephalus 4.5 11 134 8 3 1 1 0
Lumbar Disc Hernia 4.0 8 109 3 0 4 2 0
Cervical Disc Hernia 5.0 7 91 4 1 2 1 0

* Subset of the number of figures; ** the papers linked to this module contained several figures.

Each DTM contained the e-mail address of an academic staff member (author B.V.
or R.R.) responsible for collecting individual feedback from students and for clarifying
any questions regarding the content of the DTM. In addition, students were given the
opportunity to discuss any open issues during two online revision courses held by author
B.V. at the end of the winter term 2020/2021.

During the COVID-19 pandemic, educational institutions worldwide have faced a
similar need for transition to digital teaching [5–7], while students, particularly in low- or
middle-income countries, may encounter new or increasing barriers complicating educa-
tional access [11–14]. Maity et al. [14] reported that university students, probably due to
their overall higher maturity and commitment, appear to be less affected by the difficulties
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that arise from the pandemic-driven transition to digital education than students at school
or at college. In their analysis of data on user experience collected among students after the
onset of the pandemic, Chen et al. [15] found that the quality of the technical framework
and of the content as well as the design of the user interface determine students’ satisfac-
tion with online education platforms. In 2021, Ramos et al. [16] published a review on
works from the pre-COVID-19 era assessing video-based learning (VBL) methods. They
conclude that VBL may improve students’ and teachers’ educational experience when
going beyond one-way video lecturing [16]. Suggested methods include collaborative
VBL, collaborative video analysis, collaborative video authoring, and the use of video
annotation tools [16]. Katz et al. [17] recently reviewed numerous examples of how social
media platforms (SMPs) were successfully deployed for the transfer of medical knowledge
to professionals, students, and patients. With SMPs, however, caution must be taken to
avoid the spread of misinformation [17].

As a consequence, digital literacy is, more than ever, considered a prerequisite for
students and teachers [12,14,17]. Future publications in the field of digital education are ex-
pected to provide guidance for, to evaluate, and to refine recently adopted methods [17,18].
Here, we would like to report on the educational experience students and academic staff at
our neurosurgical department made with the newly developed DTMs during the first year
of the COVID-19 pandemic and on the insights we have gained therefrom.

2. Materials and Methods

Each student had the option to anonymously evaluate each DTM by assigning a score
of 0 (worst value) to 5 (best value) to it. We retrospectively recorded access count, evaluation
count, average evaluation, number of included (interactive) figures, number of presented
cases, number of linked publications, and number of included multiple-choice questions
for each DTM on 6 March 2021 (Table 1). For each DTM, we aimed to correlate access
count, evaluation count, and average evaluation with the number of included (interactive)
figures, number of presented cases, number of linked publications, and number of included
multiple-choice questions (Tables 1 and 2).

Table 2. Correlation between design and popularity of 9 digital teaching modules.

Module Popularity
Measure

Number of Figures
per Module

Number of
Interactive Figures

per Module

Number of Cases
per Module

Number of
Questions

per Module

Number of Linked
Papers per Module

Number of accesses
per module 0.4 (0.286) 0.25 (0.5147) −0.09 (0.8153) 0.34 (0.3692) −0.13 (0.7354)

Number of evaluations
per module 0.78 (0.0137) * −0.01 (0.9762) 0.19 (0.6294) 0.29 (0.4465) −0.43 (0.2449)

Average evaluation
per module 0.85 (0.0037) * 0.45 (0.2232) 0 (1) 0.17 (0.6653) −0.62 (0.0743)

Spearman’s rho served as statistical test. Data are presented as rho (p value). * Statistically significant.

Until 6 March 2021, e-mail responses from individual students regarding the DTMs
were collected by authors B.V. and R.R. From 8 February 2021 to 1 March 2021, we con-
ducted among our students an anonymous, voluntary online survey as to the DTMs
(Supplementary Table S1). We placed the survey at the top of our DTM list and advertised
the survey through our ILIAS weblog.

Statistical analysis was conducted, and figures were created using RStudio version
1.3.959 running R version 4.0.2 (https://www.r-project.org) (accessed on 30 June 2021) [19]
on a Mac OS X 10.14.6. Spearman’s rank correlation coefficient, rho, was estimated. Statisti-
cal significance was assumed with p values less than 0.05.
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3. Results

Up to 13 scores per DTM were obtained (Table 1). A significant positive correlation
was found between the number of figures included in a DTM and the average evaluation
of the DTM (Spearman’s rho = 0.85; p = 0.0037; Table 2; Figure 1).

An arc tangent curve (Figure 1) was manually fitted to the data representing the
number of figures (x) and the average evaluation per DTM (y) by author B.V. as follows:

y = 3.4 * arctan (x)
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value; 5: best value) of the respective module.

A significant positive correlation was also found between the number of figures
included in a DTM and the number of evaluations per DTM (Spearman’s rho = 0.78;
p = 0.0137; Table 2; Figure 2). Using the “lm” function in R, a regression line (Figure 2) was
automatically fitted to the data representing the number of figures (x) and the number of
evaluations per DTM (y) as follows:

y = 5.5355 + 0.9194 * x

One student answered solely to the open question in our online survey, indicating
agreement with e-mail responses that we had received from two individual students
stating that illustrative cases and interactive figures were found particularly helpful in the
transfer of knowledge through DTMs. Eight students responded to the closed questions
(Supplementary Table S1) but skipped the open question in our online survey.
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4. Discussion

There is an abundance of literature on feedback mechanisms in traditional medical
student education. Comprehensive reviews on this topic have been provided by Keifen-
heim et al. and by Lerchenfeldt et al. [20,21]. Such feedback mechanisms, however, are
based upon the principles of direct, hurdle-free verbal and non-verbal communication
between two or more individuals. By contrast, video conferences, lecture videos, DTMs,
and all other digital education channels contain a more or less permeable barrier to the
direct interaction between participants [22].

While there is reason to believe that digital teaching will never replace bedside teach-
ing [23], medical student education during the pandemic may certainly become more
interesting through pre-made DTMs or similar digital collections of clinical case presen-
tations, such as Capsule (https://www.capsule.ac.uk) (accessed on 27 June 2021) [24,25]
or Eurorad (https://www.eurorad.org) (accessed on 27 June 2021) [26]. It remains the
responsibility of the teacher to develop DTMs of high quality and to make the content of
digital lessons as attractive and comprehensible as possible for medical students, and there
is a demand for further research on this topic [23,27]. We believe that carefully designed
DTMs will retain their place in medical student education after the COVID-19 pandemic.
Beyond that, patients may benefit from easy-to-follow digital medical education tools
provided by their doctors during the pandemic and thereafter [28].

The use of digital LMSs, such as ILIAS for medical student education, has been
described by various authors and even more so since the emergence of COVID-19 (https:
//pubmed.ncbi.nlm.nih.gov/?term=digital+learning+management+system) (accessed on
27 June 2021) [29]. There is a wealth of ideas to promote the transition to digital teaching,
including coverage of feedback mechanisms that are directed towards the students in
settings similar to the situation at our department [30–34]. However, only little light has
been shed upon the options digital medical student education provides for feedback that is
directed towards the academic staff [31,33–35].

In our hands, the exploitation of the digital LMS feedback option with the lowest
possible threshold, namely the retrospective analysis of students’ overall evaluation of
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DTMs with scores from 0 to 5, yielded novel, significant insights (Figures 1 and 2; Table 3):
first, the average evaluation of a DTM was significantly correlated with the number of
figures provided in the DTM, obviously following a saturation curve (Figure 1). Second, the
number of evaluations of a DTM was significantly correlated with the number of figures
provided in the DTM in a more or less linear manner (Figure 2).

The number of responses to our extra advertised, prominently placed online survey was
disappointing. We assume that this low response rate is primarily owed to the high threshold
that came with the survey, namely the considerable amount of time needed to answer all the
questions. This part of our experience is similar to what Vielsmeier et al. [34] encountered at
the ear, nose, and throat (ENT) department of a German university hospital: despite repetitive
requests, there was a low willingness among students to give feedback through an online
survey on the quality of digital education during the COVID-19 pandemic.

Such observations may explain why there is little literature on feedback towards the
academic staff in digital medical education. The low overall response rate, the retrospective
character of our analysis, and the fact that we report on a single-center experience are
certainly the main limitations of our study. Nonetheless, we think that the response to the
closed questions in our online survey contains a clear mandate to develop more DTMs in
the future (Supplementary Table S1).

Although certainly lowest in number and, due to an approach that was qualitative
in nature, the single response to the open question in our survey and the e-mail notifica-
tions as obtained from individual students brought some additional design advice: these
respondents found interactive figures and clinical cases in the DTMs very helpful (Table 3).

Table 3. Characteristics of feedback as received through different feedback channels.

Feedback Channel Threshold Feedback
Quantity Feedback Quality

Scoring bar (+) (+++) (+++)
Survey, closed questions (+++) (++) (+)
Survey, open questions (++) (+) (++)

Individual response by e-mail (++) (+) (++)
(+) low, (++) medium, (+++) high.

5. Conclusions

Based on our pandemic-driven experience, we devised the following recommenda-
tions for the design of DTMs in medical student education:

• (Interactive) figures and illustrative cases apparently foster students’ engagement
with the content of the DTM; and

• To obtain valuable feedback from students, it is advised to offer low-threshold com-
munication channels. These include a scoring option for each DTM, open survey ques-
tions, and provision of the e-mail address of a correspondent academic staff member.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/healthcare9091141/s1, Table S1: Students’ answers to the closed questions in an online
survey assessing 9 digital teaching modules.
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Abstract: The operating room is a challenging learning environment for many students. Preparedness
for practice is important as perceived stress and the fear of making mistakes are known to hamper
learning. The aim was to evaluate students’ perspectives of an e-learning resource for achieving
preparedness. A mixed methods design was used. Students (n = 52) from three educational nursing
and medical programs were included. A questionnaire was used to explore demographics, student
use of the e-learning resource, and how the learning activities had helped them prepare for their
clinical placement. Five focus group interviews were conducted as a complement. Most students
(79%) stated that the resource prepared them for their clinical placement and helped them to feel
more relaxed when attending to the operating room. In total, 93% of the students recommended other
students to use the e-learning resource prior to a clinical placement in the operating room. Activities
containing films focusing on practical procedures were rated as the most useful. We conclude that an
e-learning resource seems to increase students’ perceived preparedness for their clinical practice in
the operating room. The development of e-learning resources has its challenges, and we recommend
student involvement to evaluate the content.

Keywords: clinical learning environment; e-learning; operating room; student preparedness

1. Introduction

The operating room (OR) environment is challenging for students in relation to achiev-
ing their learning objectives. Feelings of anxiety, humiliation, and other emotional obstacles
for effective learning have been described by both medical and nursing students [1,2].
Some of these emotional barriers can be reduced if the students are well-prepared before
their clinical practice [3,4]. Preparedness can be divided into a general part and a specific
part. The general part should consist of information about the OR setting, etiquette, and
the professional roles of the staff, in combination with workshops on practical skills. The
specific part is the information needed on day-to-day basis, i.e., which supervisor the OR
student should follow [1,2].

Methods for delivering general introductory sessions to students have been described
by several authors, but there is weak evidence as to which arrangement is the most effec-
tive [2,5]. It has been concluded, however, that the introductory sessions should have an
interprofessional perspective, as interprofessional teamwork is essential for creating a safe
surgical environment for patients [6]. However, interprofessional learning (IPL) activities
pose logistical and scheduling challenges [7]. One way to overcome these timetabling and
geographic barriers is e-learning [8]. Another advantage of e-learning is that it is well-
suited for learning practical skills within the perioperative setting, due to the possibility to
incorporate multimedia [8,9].
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For many years, the medical students and the OR nurses in our OR department at
Södersjukhuset, Karolinska Institutet have attended a pre-theatre workshop on surgical
hand preparation and sterile gloving technique before entering the OR. The workshop
contains a lecture, followed by practical training. The general nurses and anesthetic
nurses have only a 15 min lecture about guidelines for clothes and aseptic techniques. A
survey aimed at the medical students in 2016 showed that the students perceived that
the general introduction was too sparse; moreover, the practical workshop was too short,
and it lacked an interprofessional approach. Therefore, an interprofessional faculty at
our institution created a complementary e-learning resource, defined as a software-based
resource distributed online with the aim to enhance knowledge and performance [9] for all
students attending the OR [10].

The aim of the e-learning resource was to better prepare the different student categories
(nurses, OR nurses, anesthetic nurses, and medical students) and to reduce emotional
barriers, hence creating a better foundation for learning. The focus of the learning outcomes
in the e-learning resource was set on skills and interprofessional collaboration.

In 2018, we performed a pilot study evaluating the e-learning resource. It was con-
cluded that it was valuable to the students, but it was difficult to draw conclusions on why
and how it was valuable due to lack of qualitative data. Moreover, only medical students
participated in the evaluation, so no conclusions could be drawn for the other student
categories. There was also a lack of knowledge regarding ideas for improvement of the
e-learning resource.

The aim of this study was thus to explore the perspectives of all student categories
using the new e-learning resource, with a focus on preparedness for practice.

2. Materials and Methods
2.1. Design

An explanatory sequential mixed methods design was used, i.e., data was collected in
two consecutive phases: first the quantitative data and then the qualitative data. Thereafter,
the data was merged to achieve methodological integration [11,12]. Questionnaires were
used to gather qualitative data. Focus group (FG) interviews were used to deepen the
knowledge from the questionnaires and to obtain suggestions and ideas for improvement
of the e-learning resource. This specific qualitative data collection method was chosen for
its ability to help participants to explore and explain their perceptions further in interaction
with others [13].

2.2. The E-Learning Resource

The e-learning resource used in this project was a package of online learning materials
using Articulate Storyline® (Articulate Global, New York, NY, USA) and consisted of pre-
recorded lectures and video demonstrations of skills which could be accessed on different
digital devices such as computers or mobile phones. The software used to produce the
learning material were PowerPoint® (Microsoft Corporation, Redmond, WA, USA) and
Screencast-omatic ® (UserVoice, San Francisco, CA, USA), while the films were recorded
using a regular camcorder with a microphone.

The resource was based on seven interprofessional learning outcomes, each one
forming the base for a learning activity in the online program. The majority of the learning
outcomes were considered generic, except “surgical hand preparation” and “gowning
procedure” that were directed to the OR nurses and medical students exclusively (Table 1).

Four of the learning activities were followed by a formative assessment in order to
give immediate feedback to students.
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Table 1. Learning outcome and learning activities of the e-learning resource (Torbjornsson et al., 2018).

Learning Outcome Learning Activity Format Running Time (min)

The student shall understand the
structure of an operation ward OR design Recorded audio lecture 5.04

The student shall understand the
different professions working at the OR

and their responsibilities
Professions Recorded audio lecture 4.24

The student shall have knowledge
regarding the hygiene routine at the OR Hygiene Routine Recorded audio lecture 0.45

The student shall be able to describe the
radiation safety at OR Radiation Safety Recorded audio lecture 2.34

The student shall be able to perform a
sterile gloving technique Gloving technique Recorded audio movie 1.40

The student shall be able to perform a
perioperative surgical hand preparation Surgical hand preparation Recorded audio movie 4.01

2.3. Participants

Students from three educational programs were included in the study: 4th year medi-
cal students (n = 24), 3rd year nursing students (n = 12), and 1st year perioperative specialist
nursing students, specializing in either OR nursing or Anesthesiology nursing (n = 16).
The medical and nursing students all had their clinical placement at the OR ward in the
same hospital, while the perioperative nursing students did their clinical placement in two
different hospitals in Stockholm connected to the university. The students received written
information regarding the study in their ordinary online learning management system
(Ping-Pong AB, Stockholm, Sweden) and verbal information in their course introduction at
campus. An email to all eligible students was sent with information on the e-learning re-
source and the study, together with a link to the e-learning resource on their study platform.
All nursing students had a link to the evaluation questionnaire on their study platform.
The medical students were given the questionnaire on paper during their examination
week at the end of the semester. All students received information regarding the focus
groups (FG), and the students who were willing to participate were invited to contact the
researcher by mail. In total, 52 students (33 women and 19 men) out of 117 enrolled in the
studied programs answered the questionnaires, giving a response rate of 44%. Out of them,
65% had used the e-learning resource prior to their clinical placement (Table 2).

Table 2. Demographics of the study population.

All Students
n = 52

4th Year
Medical Students

n = 24

1st Year
Perioperative Nursing Students

n = 16

3rd Year
Nursing Students

n = 12

Age mean (range) 34.0 (21–55) 29.5 (22–47) 38.4 (26–55) 34.9 (21–52)

Gender (%)

Male 33 (63) 13 (54) 4 (25) 2 (17)

Female 19 (37) 11 (46) 12 (75) 10 (83)

Previous experience of
OR (%)

Yes 31 (60) 12 (50) 13 6 (50)

No 19 (37) 10 (42) 3 6 (50)

Missing 2 (3) 2 (8) 0

Had used the e-resource
(%)

Yes 34 (65) 13 (54) 12 (75) 9 (75)

No 18 (36) 11 (46) 4 (25) 3 (25)

Missing 0 0 0 0
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2.4. Data Collection
2.4.1. Questionnaire

The questionnaire was developed by the research group and was based on the ques-
tionnaire used in the pilot study by Torbjornsson et al. [10]. To address face and content
validity, the questionnaire was discussed within the expert group and modified by adding
further questions and using another scale for the answers (a 5-level Likert scale instead of a
4-level) [14]. None of the students asked questions about the questionnaire that suggested
that they had difficulties to understand it.

The questionnaire consisted of 16 questions: 4 were demographic, 3 contained informa-
tion regarding the use of the e-learning resource, and 9 were questions where the students
rated how well the different learning activities had helped them prepare for their clinical
placement in the OR (on a 5-level Likert scale: very little; little; some; large; very large).
There was also one open-ended question where the students could give improvement
suggestions on the resource (suppl Document S1).

2.4.2. Focus Group Interviews

The FG interviews focused on evaluating the e-learning resource and the students’
perceptions regarding if and how it helped them to prepare for their clinical practice.
The students were divided into groups based on their profession. The aim was to create
homogeneity in the groups and avoid any form of hierarchy that may inhibit an open
atmosphere enabling everyone to feel confident to speak out [13].

The FG were attended by a moderator and conducted by the first and second author.
The FG interviews lasted 22–45 min and were documented by note-taking from the mod-
erator. A semi-structured interview guide was used, and probing questions were used to
further enable the participants to elaborate. Five FG interviews were conducted with a
total of 17 students (2–5 students/FG): medical students (n = 9), nursing students (n = 2),
and perioperative specialist nursing students (n = 6). All of the focus groups contained
participants of the same educational program.

2.5. Data Analysis
2.5.1. Questionnaire—Quantitative Data

The quantitative data analysis was performed on the questionnaires from the students
with descriptive statistics [15]. Continuous variables are presented with mean and standard
deviation (SD) and categorical variables as n (percent). No comparative analyses between
the different student categories were made. The quantitative analyses were performed
with IBM SPSS statistics version 23.0 (IBM Inc., Chicago, IL, USA).

2.5.2. Focus Group Interviews—Qualitative Data

The notes from the FG were read and reread to identify patterns and tendencies. The
text units were condensed into meaning units, labelled with a code, and sorted into different
categories based on the focus areas of the questionnaire. The focus of the qualitative analysis
was to extend and to deepen the knowledge from the questionnaires.

The analysis was performed by two members (AMF and ET) of the research group,
and the result was discussed until consensus was reached. Directed content analysis using
a deductive approach, based on the different areas of the questionnaire, was used [16].

2.6. Ethical Considerations

The study was performed in accordance with good clinical practice and research as per
the Helsinki Declaration [17]. Before any data collection began, the students were informed
that the participation in this study was voluntary with the purpose of a scientific analysis
and publication. They were also informed that their participation in no way would affect
their grades, that they could cease participation at any time, and that the collected data
would be completely discarded if they were to withdraw from the study. Completing and
returning the questionnaire implied their consent to participate. To ensure confidentiality,
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one of the three authors did the initial analysis of the questionnaires and FG interviews
and matched the participants’ data using numeric codes.

3. Results

The demographics of the study population is shown in Table 1. The majority of the
students (79%) stated that the e-learning resource had prepared them for their clinical
placement in the OR, and the medical students rated the e-learning resource as the least
useful. However, three quarters of the medical students still rated the e-learning resource
as useful to some extent and none rated it as not useful at all (Figure 1).
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Figure 1. Feelings of preparedness for clinical placement at the OR.

In total, 93% of the students recommended other students to use the e-learning
resource prior to a clinical placement at the OR ward. The differences between student
groups are shown in Figure 2.
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Figure 2. Students’ recommendation of the resource to other students.

3.1. The E-Learning Resource in Preparation for Clinical Placement at the OR

The students were asked to what extent the different learning activities of the e-
learning resource had helped them prepare for their placement at the OR. Eighty percent
of the students perceived that all the different learning activities, at least to some extent,
had helped them prepare for their clinical placement (Figure 3).
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The FG interviews revealed that many of the students felt different levels of anxiety
prior to their clinical placement at the OR. The students explained that the main cause of
this anxiety was the feeling of being in an unfamiliar environment and a sense of being out
of place. These feelings gave rise to insecurity and stress and made them more sensitive
and vulnerable to what people said or to events that occurred. Students from all programs
thought that the e-learning resource was a way to reduce the perceived stress and had
prepared them for the OR placement:

“You want to be as well prepared as possible when you arrive. Although you may not be
able to practice so much practically wearing gloves and such things, you want to be able
to see . . . because then it is good because then you can see it over and over again . . . and
you become a little more confident when you come out if you have seen it . . . ”

(Perioperative nurse)

In the FG interviews, all three student categories commented that the e-learning
resource should be a mandatory learning activity for all student groups prior to clinical
placement at the OR.

The nursing students stated that the e-learning resource saved time for them: by being
better prepared, they could use their time in the OR more efficiently. Medical students,
having a two-hour OR preparation workshop prior to attending their clinical placement,
thought the workshop per se prepared them well, but that the e-learning resource was a
good complement.

3.2. The Students’ Perception of the Content in the Learning Resource

In total, 52% of the students perceived, to a large or very large extent, that the e-
learning resource contained all the elements needed to prepare them for their clinical
placement. The perioperative nursing students rated the content highest (67%) while the
medical students expressed a need for additional information.

The three learning activities containing films and focusing on practical procedures
(‘gloving technique’, ‘surgical hand preparation’, and ‘gowning procedure’) were rated
most useful (Figure 3). All of the medical students and a majority of the other student
categories perceived that the latter two activities, to a very large extent, had prepared them
for the OR.
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The least valuable activities according to the students were ‘OR-design’ and ‘radiation
safety’. ‘Radiation safety’ got the lowest ratings of all activities, particularly by the medical
and perioperative nursing students (Figure 4).
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The FG interviews revealed that the medical students and perioperative nursing
students wanted more information directed to their special needs in their specific profession.
The medical students expressed a wish for films that could give them a general overview
of the workflow and patient process in the OR, together with instructions on what happens
when something goes wrong—for example, what to do if they are unsterile during surgery.
They thought this would ease the stress and fear of doing something wrong.

“Another suggestion is to also inform about what happens when something goes wrong,
for example when we get unsterile or similar. So that when and if it happens it will not
be so huge but you know what to do if it happens and how to handle this. Takes a little bit
of the stress boost . . . ”

(Medical student)

The medical students also requested films containing specific surgical specialties
depending on what kind of surgery they were doing in their clinical placement. The
perioperative nurses mentioned elements like positioning on the OR bed and instrument
knowledge. The nursing students proposed that the e-learning resource should be divided
into two parts: part 1 with basic interprofessional content, which would be mandatory for
all students, and part 2 with optional, more profession-oriented content.

3.3. Design and Layout of the E-Learning Resource

The majority of the students stated that they had used the e-learning resource on
their computer and not on their cell phone. The reason was that the resource was not
adequately adapted to the cell phone format. The students thought that they would have
used the e-learning resource more often if it was better adapted to the cell phone. This was
particularly important for the activities containing films.

The perioperative nursing students and the nursing students experienced the resource
as being too messy and lacking a well-defined flow. This was a major obstacle when
conducting the activity.
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“It is confusing the whole arrangement I think... you do not know which (learning
activity) one is inside and so you click back, and you end up somewhere else... it is
difficult to remember...”

(Perioperative nursing student)

The medical students agreed that there could be a more structured arrangement;
however, they did not consider this to be a major issue.

All student groups commented that the technical form of the learning activity had
some drawbacks. The most important part identified by all the focus groups was that the
students wanted to be able to see which activities they had performed, which they had
left, and finally when they had succeeded with the entire learning activity. Moreover, they
wanted to see how long the films were, how much time had passed, and how much was
left. One suggestion from the medical students was that the activities could change color
when they had been performed. Students from all categories also wished for the possibility
to pause and to rewind if they needed to repeat something, without the need to restart a
module in the e-leaning resource.

The students all agreed that the maximum amount of time for this kind of learn-
ing resource should not be more than 30 min and that the films should not exceed five
minutes each.

3.4. Interprofessional Perspective

The learning activity ‘Professions’ was rated differently by the student groups. Com-
mon for all student groups was that they considered the interprofessional knowledge in the
e-learning resource an important feature, that it was important to learn about each other’s
responsibilities at the OR, and that this was essential for a successful interprofessional
collaboration in the future. However, the FG interviews identified several requests for
improvement regarding the interprofessional approach. Students wanted deeper knowl-
edge regarding the task of the different professions working at the OR ward and not only,
as earlier described, a film focusing on the patient process or journey throughout the
surgical procedure at the OR. They also proposed an additional film following the different
professions in their daily work.

“We are lacking an overall picture of what is happening at the operating room, a descrip-
tion of the flow. To be able to prepare even better. A kind of “patient journey” through
the flow to the surgery department and also a “staff journey” to gain an increased un-
derstanding of other professions in the surgery. That is generally lacking in teaching in
general.”

(Medical student)

4. Discussion

Every semester, the OR receives students from different education healthcare pro-
grams. Many of them, regardless of student category, perceive the learning environment at
the OR as extremely stressful [1,2]—something that is known to hamper their learning [18].
This study shows that an e-learning resource based on seven interprofessional learning
outcomes enhanced the different student categories’ perceived preparedness for their clin-
ical placement. It did so by making the environment less unfamiliar by explaining the
expected role of the student as well as the role of the other professions at the OR and how
they interact. The e-learning resource also gave students the possibility to learn specific
skills that are known to induce stress when performed in the real environment [19]. These
learning activities could be seen “over and over again” and be repeated just before practice.

The students rated the activities that contained film and focused on practical skills as
most valuable. This is consistent with previous findings that skills training such as sterility
and operating room etiquettes have been seen as particularly important [2]. Radiation
safety got the lowest rating. The rationale for that part could be discussed. It might have
been better to name the activity ‘safety in the OR’ and include, for example, laser safety
and how to manage surgical smoke. The lack of student involvement is probably one of the
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reasons that we missed that in the design. One can also argue that knowledge regarding
radiation may be quite abstract for the students and that it does not seem as important as
the practical skills [18]. Overall, the findings from the FG interviews conclude that it is
important to have student involvement in the design phase of an e-learning resource. For
example, there was a request from both the medical students and the perioperative nurses
to have more films that contained information regarding specific skills, such as instrument
knowledge and surgical skills.

The format is of importance when developing online learning material. The students
in this study demanded easy access, preferably in cell phones, with short films and an easy
way to find the different contents of the learning activities. Since digital use in society has
exploded in recent years and the generation of today’s students have been using digital
devices their entire life, they would be a useful resource when creating different online
activities. Haraldseid, Friberg, and Aase [20] concluded that active student involvement in
the development of technological learning material for clinical skills training could enhance
the knowledge of the most important learning needs of the students. It could also make
the learning activities more effective and attractive [20].

Interprofessional collaboration is known as a major stressor for students attending
the OR. Students fear to be despised by the surgeon or nurse when doing something
wrong or for simply being in the room [2]. The students expressed the need for knowledge
regarding actions when doing something wrong, to be better prepared for such situations.
In the FG interviews, the students expressed that they had identified the importance of
interprofessional collaboration by using the e-learning resource, and they requested a
deeper knowledge of the functions of the different professions, despite the resource not
being an IPL resource by definition [21]. The students expressed the IPL ground of learning
with and particularly about each other as an area that should be expanded, since they
experienced this as important for their psychological preparation for clinical placement at
the OR.

Just-in-time teaching (JiTT) is a learning model shown in research to enhance student
motivation and to give the students a sense of control. JiTT is defined as a method where
the students prepare just before the lesson and lesson time, focusing on specific questions
that they experience as difficult and demanding [22]. This e-learning resource may be
seen as a way of using the JiTT method, since the students can go through the activities
just prior to the clinical task and be better prepared. The main advantage is to be able to
repeat the specific element as many times as needed for the student in an easy-access way
(on their cell phone, for instance). This creates the possibility for students to tailor their
learning to meet their own specific individual learning needs [9,23], which is particularly
important given that we address such a broad spectrum of different students. Furthermore,
in a stressful environment like the OR, the stress and anxiety of students may inhibit
learning and prolong the learning curve [2]. To prepare students by using e-learning in the
practical procedures, they may feel less stress when arriving at the OR, and the threshold
for learning can be lowered.

The development of an e-learning resource, such as the one that we have described,
could be a useful learning method for student groups in other contexts where practical
skills and interprofessional collaboration is important.

Limitations

It may be argued that a limitation of this study is that we did not have a control
group and did not perform a comparative study to assess the effectiveness of the e-learning
resource. The aim of the study was, however, not to measure student preparedness or
specific knowledge or skills, but to evaluate and describe the students´ perceptions and to
explore the value of the resource from the students´ perspective.

It is recommended that the ideal size of a focus group is six to ten people [24]. In our
study, we had a convenience sample which was based on the voluntariness and interest
of the students, and we unfortunately did not manage to receive further participants.
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However, Cote-Arsenault and Morrison-Beedy [25] emphasize that the aim of the study
together with developmental levels of the participants is more important than a set number.
Since we included students with several years of university studies and we chose to
have the FGs separated for the different categories, we believe that the low number of
participants in the groups did not inhibit the creativity and data received, nor did we
feel that the participants felt pressured to speak, which is described as being a risk in
low-numbered FGs [25]

To only rely on notetaking during the FG interviews and not audiotapes is a limitation.
However, as the moderators had high knowledge regarding the setting and the appearance
of the e-learning resource, it was not perceived as a problem. The low response rate in
the quantitative part of the study can seem to be a problem for the validity (44%). There
is a risk of nonresponse bias; however, it is tempting to believe that it does not have the
same impact on the result as it may have when it comes to sensitive data such as aspects
on quality of life [26].

It also needs to be mentioned that the questionnaire was not evaluated with a psycho-
metric test. However, we believe the fact that the questionnaire was evaluated in the expert
group, as well as in the pilot study, increases the validity. Further, the use of FG gave a
deeper knowledge regarding the e-learning resource.

5. Conclusions

We conclude that an e-learning resource seems to increase students’ perceived pre-
paredness for their clinical practice at the OR. The students stated that they felt more
relaxed when attending the OR, which may, according to the literature, lead to a better
learning environment and improved learning. The development of e-learning resources
has its challenges, and we recommend student involvement to evaluate the content of the
learning activities as well as to prevent technical issues.
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Abstract: At the time of the outbreak of the coronavirus pandemic, several measures were in place to
limit the spread of the virus, such as lockdown and restriction of social contacts. Many colleges thus
had to shift their education from personal to online form overnight. The educational environment
itself has a significant influence on students’ learning outcomes, knowledge, and satisfaction. This
study aims to validate the tool for assessing the educational environment in the Slovenian nursing
student population. To assess the educational environment, we used the DREEM tool distributed
among nursing students using an online platform. First, we translated the survey questionnaire
from English into Slovenian using the reverse translation technique. We also validated the DREEM
survey questionnaire. We performed psychometric testing and content validation. I-CVI and S-
CVI are at an acceptable level. A high degree of internal consistency was present, as Cronbach’s
alpha was 0.951. The questionnaire was completed by 174 participants, of whom 30 were men and
143 were women. One person did not define gender. The mean age of students was 21.1 years
(SD = 3.96). The mean DREEM score was 122.2. The mean grade of student perception of learning
was 58.54%, student perception of teachers was 65.68%, student academic self-perception was 61.88%,
student perception of the atmosphere was 60.63%, and social self-perception of students was 58.93%.
Although coronavirus has affected the educational process, students still perceive the educational
environment as positive. Nevertheless, there is still room for improvement in all assessed areas.

Keywords: education; learning environment; nursing student; transcultural adaptation; psychomet-
ric properties; health care

1. Introduction

Due to the coronavirus pandemic (COVID-19), which was reported in Wuhan, China [1–4]
and soon after, the first major outbreak in Europe spread rapidly to Slovenia [5,6]. Govern-
ments issued directives on social isolation and living at home, so colleges and universities
around the world were closed [7]. COVID-19 has forced education systems around the
world to find alternatives to personal teaching [8]. Online distance learning platforms
are the only available way of learning and teaching during unprecedented events such as
the outbreak of COVID-19 [9–11]. However, it is important to distinguish between online
distance education and distance learning in an emergency as a temporary solution. Online
education provides students with flexibility and choice [12]. This involves implementing
education using information and communication technology [13] and represents an easily
accessible teaching method [14].

Online learning promotes student-centered learning, in which case courses are easy
to manage [15], resulting in better knowledge and self-efficacy for some students [16].
It increases performance, encourages critical thinking, and improves writing skills for
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most students [17]. Through the accelerated use of online learning, educators and carers
need to consider the pedagogical and practical challenges posed by the integration of
online learning [18]. Negative aspects highlighted are a lack of appropriate infrastructure
for some students, less effective communication and interaction, inability to implement
practical applications, lack of socialization, lack of motivation, less objective exams, and
the possibility of deteriorating health [19].

Despite growing evidence that online learning is just as effective as traditional learning
tools, there is very little evidence of what works, when, and how online learning improves
teaching and learning [20]. Therefore, in this study, we decided to evaluate the online learn-
ing environment of students using the Dundee Ready Education Environment Measure
(DREEM) tool [21–23]. Any learning environment that meets students’ internal and exter-
nal needs is likely to lead to better and more promising learning outcomes [24]. Achieving
an optimal educational environment must meet the expectations of students regarding
the school atmosphere, teaching, teachers, students, school staff, educational equipment,
and the physical environment [25]. A good learning environment for students in clinical
practice depends on the structure of student admission, the pedagogical atmosphere, and
the participation of those involved [26]. The educational environment has an impact on stu-
dents’ learning outcomes, preparation for practice, and student satisfaction [27]. Also, the
perception of the learning environment is related to well-being and stress in students [28].

The main goal of the research is a validation of the questionnaire focusing on the
assessment and perception of nursing students about the online learning environment.
The goal is also to test psychometrically the DREEM tool [22,23]. The validation of the
DREEM tool is performed within the Erasmus+ project Digital Toolbox for Innovation and
Nursing Education (I-BOX), which aims to develop material for teaching nursing students
and nurses. Based on the obtained results, we will also assess where the greatest deviations
occur in the assessment of the learning environment and thus encourage the improvement
of the learning environment for students.

2. Materials and Methods
2.1. Study Design

We used quantitative research methodology [29–31]. Data for assessing the educa-
tional environment by undergraduate and postgraduate nursing students were collected
using an online questionnaire between November 2020 and January 2021. The survey
questionnaire was previously translated into Slovenian language and validated in the
Slovenian environment for the first time.

2.2. Assessment Tool

To assess the online educational environment, we used the DREEM tool [22,23].
DREEM is a validated tool for assessing the educational environment in health care pro-
fessions worldwide [32]. In addition to being used to diagnose deficiencies in the current
educational environment, DREEM is also used to compare different groups, monitor the
same group over time, and assess factors influencing the educational environment [33,34].
The DREEM tool includes five subscales: students’ perception of learning (SPL); students’
perception of teachers (SPT); students’ academic self-perception (SAP); students’ perception
of the atmosphere (SPA) and students’ social self-perception (SSP). The maximum score is
200 [35]. The use of the questionnaire was previously authorized by the authors [22,23].
The survey questionnaire was translated from English into Slovenian and then back to the
original language [36]: Independently by two researchers, the survey questionnaire was
translated from English into Slovenian. Both researchers had the necessary knowledge of
English, andragogy, and nursing. Thus, we obtained two versions of the translation, which
we merged into one in the next step, based on consultation between experts. If disagree-
ment was present, a third researcher was involved. In the last step, two experts with the
necessary knowledge of English translated a joint version of the Slovenian questionnaire
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into English. Thus, we obtained two forms of reverse translation and subsequently merged
them into a common form [29,30].

Questionnaires were distributed using an online survey platform ENKA from which
the results were then downloaded and analysed using IBM SPSS Statistics 27.

2.2.1. Validation of Assessment Tool

We assessed the validity of the content and the validity of the construct in the survey
questionnaire and performed confirmatory factor analysis [37,38]. To determine the content
validity, we included experts who have the necessary knowledge in the field [29,30,37,39].
Based on the recommendations where six to ten experts are required [40], we included
six experts who work as nursing teachers. The questions in the questionnaire were rated
on a four-point scale from 1 to 4, where 1 represents statements that are not relevant;
2, deficient/poorly understood statements; 3, partially understandable/partially relevant
statements; and 4, entirely understandable/completely relevant claims [41]. To assess the
content validity of the questionnaire, we calculated the content validity of individual claims
(I-CVI) and content validity of the whole questionnaire (S-CVI) [41–46]. For the internal
reliability analysis, we calculated Cronbach’s α, which presents us with a measure of
internal reliability between several items [47]. Cronbach’s alpha coefficients and interpreted
the values as follows: ≥0.90, excellent; 0.80–0.89, good; 0.70–0.79, acceptable; 0.60–0.69,
questionable; 0.50–0.59, poor; and <0.50, unacceptable [48]. Correlations between items are
an essential element in the analysis of the items representing a specific concept. Correlations
between items examine the extent to which ratings of one item are related to ratings of all
other scale items [49–51].

I-CVI represents the quotient between the number of experts who rated each ques-
tion with a grade of 3 or 4 and between the number of all experts, which in our case
was six [42,44–46,52]. The probability of agreement was calculated using the formula
Pc = [N!/A! (N-A)!] 0,5N where N represents the number of evaluators, and A represents
the number of consents [42,44–46,52,53]. We used the following formula to calculate the
kappa determination of the compliance agreement: k = (I-CVI − Pc)/(1 − Pc). I-CVI
represents item content validity index, and Pc represents the probability of chance agree-
ment [42,44–46,52]. The S-CVI represents the proportion of questions rated by two experts
with a score of 3 or 4 [39,42,52].

2.2.2. Perception of the Learning Environment

The DREEM tool includes 50 items, 41 positive and nine negatives, related to learning
perception (12 items), teacher perception (11 items), academic self-perception (eight items),
atmospheric perception (12 items), and social self-perception (seven items). Each item is
rated on a five-point Likert scale (from 1—strongly disagree to 5—strongly agree), where
reverse-coding is used for nine statements [22,32]. Questions 4, 8, 9, 17, 25, 35, 39, 48,
and 50 are reverse-coded [22,32,54]. The highest score indicates an ideal educational
environment [22,32]. The categorization of the sub-scale for all items is as follows: lower
than 50 represents a very poor level, range 51–75 is defined as a “plenty of problems”
category, range 76–150 represents more positive than negative category, and higher than
150 represents an excellent score [35]. When analysing an individual item, it is necessary to
pay attention to those with a mean score lower than 2. There are also possible improvements
in the measured assumptions with a mean score between 2 and 3 [55–57].

2.3. Ethics of Research

Before the research, we obtained ethical permission from the institutional ethical
commission (No. 038/2020/2176-02/504). The authors of the questionnaire were asked
for permission to use and translate it. Individuals who submitted responses to the online
questionnaire also agreed to participate in the survey [22,23]. As part of the research, we
sent students an invitation to participate in the research by e-mail. The online questionnaire
also informed the participants about the purpose and goals of the research. Participants

251



Healthcare 2021, 9, 998

had the opportunity to refuse to participate in the anonymous survey. The survey was
conducted from November 2020 until January 2021. We also informed them that we would
use the results exclusively for research. In doing so, we will not disclose information from
which the individuals involved could be identified. The risks and burdens of research
are minimal.

3. Results

Of the 298 invited participants, 174 participants completed the questionnaire (response
rate: 58.4%). Of these, 17% (n = 30) were men and 83% (n = 143) were women (one person
did not specify their gender). The average age of the participants was 21.1 years (SD = 3.96).
The youngest person was 18 years old, and the oldest was 46 years old. Other basic
characteristics of the students involved are shown in Table 1.

Table 1. Sample characteristics.

Gender N (%)

Men 30 (17.2%)

Female 143 (82.2%)

Missing 1 (0.6%)

Age M (SD)

21.1 (3.96)

Study program N (%)

Undergraduate 1st degree study programme Nursing Care 167 (96%)

Postgraduate 2nd degree study programme Nursing Care 3 (1.7%)

Postgraduate 3rd degree study programme Nursing Care 2 (1.1%)

Missing 2 (1.1%)

Study year N (%)

1st year 86 (49.4%)

2nd year 59 (33.9%)

3rd year 23 (13.2%)

Senior 5 (2.9%)

Missing 1 (0.6%)
N = sample size; % = percent.

3.1. DREEM Tool Validation Results

The DREEM questionnaire was backtranslated from English into Slovenian by two
experts. The content validity and reliability of the DREEM tool questionnaire in the Slove-
nian environment to assess the perception of the learning space in nursing students are
presented below.

3.1.1. Content Validity of the Questionnaire

Table 2 presents the I-CVI, Pc, and k coefficient calculations for all questions in the
DREEM tool. I-CVI for all questions in the Slovenian version of the questionnaire is
acceptable. The I-CVI for all questions except question 20 was 1.000. The I-CVI for question
twenty, “The teaching is well focused,” was 0.833. The probability of agreement on all
questions is 0.016, and on the twentieth question, 0.094. Kappa on the determination of the
agreement on adequacy for all questions is 1. For the twentieth question, it is 0.816.
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Table 2. Content validity of the DREEM tool.

No. Question(s) N A I-CVI Pc k Interpretation

1 I am encouraged to participate in class. 6 6 1.000 0.016 1.000 Appropriate

2 The teachers are knowledgeable. 6 6 1.000 0.016 1.000 Appropriate

3 There is a good support system for students who get stressed. 6 6 1.000 0.016 1.000 Appropriate

4 I am too tired to enjoy this course. 6 6 1.000 0.016 1.000 Appropriate

5 Learning strategies which worked for me before continue to work for me now. 6 6 1.000 0.016 1.000 Appropriate

6 The teachers are patient with patients. 6 6 1.000 0.016 1.000 Appropriate

7 The teaching is often stimulating. 6 6 1.000 0.016 1.000 Appropriate

8 The teachers ridicule the students. 6 6 1.000 0.016 1.000 Appropriate

9 The teachers are authoritarian. 6 6 1.000 0.016 1.000 Appropriate

10 I am confident about my passing this year. 6 6 1.000 0.016 1.000 Appropriate

11 The atmosphere is relaxed during the ward teaching. 6 6 1.000 0.016 1.000 Appropriate

12 This school is well timetabled. 6 6 1.000 0.016 1.000 Appropriate

13 The teaching is student-centred. 6 6 1.000 0.016 1.000 Appropriate

14 I am rarely bored on this course. 6 6 1.000 0.016 1.000 Appropriate

15 I have good friends in this school. 6 6 1.000 0.016 1.000 Appropriate

16 The teaching is sufficiently concerned to develop my competence. 6 6 1.000 0.016 1.000 Appropriate

17 Cheating is a problem in this school. 6 6 1.000 0.016 1.000 Appropriate

18 The teachers have good communications skills with patients. 6 6 1.000 0.016 1.000 Appropriate

19 My social life is good. 6 6 1.000 0.016 1.000 Appropriate

20 The teaching is well focused. 6 5 0.833 0.094 0.816 Appropriate

21 I am feel am being well prepared for my profession. 6 6 1.000 0.016 1.000 Appropriate

22 The teaching is sufficiently concerned to develop my confidence. 6 6 1.000 0.016 1.000 Appropriate

23 The atmosphere is relaxed during lectures. 6 6 1.000 0.016 1.000 Appropriate

24 The teaching time is put to good use. 6 6 1.000 0.016 1.000 Appropriate

25 The teaching over-emphasizes factual learning. 6 6 1.000 0.016 1.000 Appropriate

26 Last year work has been a good preparation for this year’s work. 6 6 1.000 0.016 1.000 Appropriate

27 I am able to memorize all I need. 6 6 1.000 0.016 1.000 Appropriate

28 I seldom feel lonely. 6 6 1.000 0.016 1.000 Appropriate

29 The teachers are good at providing feedback to students. 6 6 1.000 0.016 1.000 Appropriate

30 There are opportunities for me to develop interpersonal skills. 6 6 1.000 0.016 1.000 Appropriate

31 I have learned a lot about empathy in my profession. 6 6 1.000 0.016 1.000 Appropriate

32 The teachers provide constructive criticism here. 6 6 1.000 0.016 1.000 Appropriate

33 I feel comfortable in class socially. 6 6 1.000 0.016 1.000 Appropriate

34 The atmosphere is relaxed during seminars/tutorials. 6 6 1.000 0.016 1.000 Appropriate

35 I find the experience disappointing. 6 6 1.000 0.016 1.000 Appropriate

36 I am able to concentrate well. 6 6 1.000 0.016 1.000 Appropriate

37 The teachers give clear examples. 6 6 1.000 0.016 1.000 Appropriate

38 I am clear about the learning objectives of the course. 6 6 1.000 0.016 1.000 Appropriate

39 The teachers get angry in class. 6 6 1.000 0.016 1.000 Appropriate

40 The teachers are well prepared for their class. 6 6 1.000 0.016 1.000 Appropriate
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Table 2. Cont.

No. Question(s) N A I-CVI Pc k Interpretation

41 My problem-solving skills are being well developed here. 6 6 1.000 0.016 1.000 Appropriate

42 The enjoyment outweighs the stress of studying medicine. 6 6 1.000 0.016 1.000 Appropriate

43 The atmosphere motivates me as a learner. 6 6 1.000 0.016 1.000 Appropriate

44 The teaching encourages me to be an active learner. 6 6 1.000 0.016 1.000 Appropriate

45 Much of what I have to learn seems relevant to a career in medicine. 6 6 1.000 0.016 1.000 Appropriate

46 My accommodation is pleasant. 6 6 1.000 0.016 1.000 Appropriate

47 Long-term learning is emphasized over short-term. 6 6 1.000 0.016 1.000 Appropriate

48 The teaching is too teacher-centred. 6 6 1.000 0.016 1.000 Appropriate

49 I feel able to ask the questions I want. 6 6 1.000 0.016 1.000 Appropriate

50 The students irritate the teachers. 6 6 1.000 0.016 1.000 Appropriate

No. = Number of question; N = sample size; A = number of agreements; I-CVI = item content validity index; Pc = probability of chance
agreement; k = kappa designating agreement on relevance.

The evaluation of two experts was included in the S-CVI assessment. None of them
rated the question with a score of 1 or a score of 2 with a final S-CVI of 1.000 and is
acceptable for the Slovenian environment (Table 3).

Table 3. Scale content validity of the DREEM tool.

Expert Ratter No. 1 Expert Ratter No. 2 Total

Items rated 1 or 2 0 0 0

Items rated 3 or 4 50 50 100

Items rated 3 11 2 13

Items rated 4 39 48 87

S-CVI 50/50 = 1.000
S-CVI = scale content validity.

3.1.2. Reliability of the Questionnaire

Supplementary Materials presents the correlations between the items in each scale in
the DREEM tool questionnaire. Item correlations ranged between −0.038 and 0.620.

Cronbach’s alpha was 0.951, which indicates a high level of internal consistency.
Table 4 represents the values of Cronbach’s alpha with specific items deleted. Removing
any question other than question 17, “Cheating is a problem in this school,” and question
25, “The teaching over-emphasizes factual learning,” would reduce the value of Cronbach’s
alpha. Corrected item-total correlation for question 17 was 0.186, and 0.192 for question 25.

Table 4. Item-total statistics.

No. Scale Mean if
Item Deleted

Scale Variance if
Item Deleted

Corrected Item-Total
Correlation

Cronbach’s Alpha if
Item Deleted

1 127.8932 555.567 0.501 0.950

2 126.6893 555.765 0.507 0.950

3 127.9029 541.912 0.652 0.949

4 127.9223 552.896 0.468 0.951

5 127.0194 560.882 0.384 0.951

6 126.7864 557.052 0.443 0.951

7 127.2039 545.399 0.689 0.949

254



Healthcare 2021, 9, 998

Table 4. Cont.

No. Scale Mean if
Item Deleted

Scale Variance if
Item Deleted

Corrected Item-Total
Correlation

Cronbach’s Alpha if
Item Deleted

8 126.5049 552.743 0.571 0.950

9 127.6019 554.673 0.435 0.951

10 126.7087 561.875 0.340 0.951

11 127.1456 550.283 0.557 0.950

12 128.0777 545.072 0.581 0.950

13 127.2136 549.189 0.596 0.950

14 127.5728 553.678 0.478 0.951

15 126.5340 563.898 0.339 0.951

16 126.7961 554.791 0.597 0.950

17 126.9806 567.862 0.186 0.952

18 126.6893 558.785 0.552 0.950

19 126.8738 557.053 0.423 0.951

20 126.9223 553.386 0.688 0.950

21 126.9709 558.715 0.419 0.951

22 127.1262 547.111 0.664 0.949

23 126.8932 553.430 0.683 0.950

24 126.7767 556.352 0.678 0.950

25 128.3204 567.573 0.192 0.952

26 126.8932 562.018 0.364 0.951

27 127.4660 549.800 0.557 0.950

28 127.1553 556.780 0.397 0.951

29 126.8835 550.006 0.668 0.950

30 126.8641 556.060 0.614 0.950

31 126.5631 562.621 0.450 0.951

32 126.9515 556.341 0.570 0.950

33 126.5728 558.208 0.549 0.950

34 126.6699 556.164 0.607 0.950

35 127.0583 545.820 0.715 0.949

36 127.1748 561.714 0.376 0.951

37 126.8932 549.077 0.700 0.949

38 126.9806 553.078 0.510 0.950

39 126.8252 555.655 0.513 0.950

40 126.8058 549.609 0.693 0.949

41 126.9612 548.979 0.780 0.949

42 127.4757 544.075 0.651 0.949

43 127.2718 545.769 0.663 0.949

44 127.2621 546.215 0.682 0.949

45 126.9806 560.706 0.361 0.951

46 126.3786 569.198 0.232 0.951

47 127.0000 544.843 0.672 0.949

48 127.1748 564.479 0.299 0.951

49 126.7184 556.322 0.520 0.950

50 126.7670 561.024 0.385 0.951
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Figure 1 presents a graph for screen analysis. The graph shows the eigenvalue scree
plot for 50 instrument elements and points at one factor.
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3.2. Results of Perception of the Learning Environment

Online teaching was perceived more positively than negatively. The mean assessment
of student perception of learning is 28.1/48, student perception of teachers is 28.9/44,
student academic self-perception is 19.8/32, student perception of the atmosphere is
29.1/48, and social self-perception of students is 16.5/28 (Table 5). All individual subscales
are statistically related (p < 0.001).

Table 5. Mean score of DREEM tool.

Subscale Items Total Score Mean Score (SD) Maximum Score Minimum Score Interpretation

SPL 12 48 28.1 (7.92) 47 3 A more positive approach (25–36)

SPT 11 44 28.9 (7.31) 44 5 Moving in the right direction (23–33)

SAP 8 32 19.8 (5.26) 32 4 Feeling more on the positive side (17–24)

SPA 12 48 29.1 (8.35) 48 3 A more positive atmosphere (25–36)

SSP 7 28 16.5 (3.93) 28 2 Not too bad (15–21)

Total 50 200 122.2 (30.66) 196 20 More positive than negative (101–150)

SPL = Students perception of learning; SPT = Students perception of teachers; SAP = Students academic self-perception; SPA = Students
perceptions of atmosphere; SSP = Students social self-perceptions; SD = standard deviation.

Based on the Shapiro–Wilk test for women and the Kolmogorov–Smirnov test for men,
we found that the individual values of the scales in students were unevenly distributed
according to gender. Based on the Mann–Whitney U test, we identified a statistically
significant relationship between the assessment of student perception of learning by gender
(U = 1346,500; p = 0.024). The mean SPL score for men was 24.9/48 (SD = 8.82). For women,
this mean score was 28.9/48 (SD = 7.27). There is no statistically significant difference by
gender between the other subscales. Nevertheless, in all subscales, the scores were higher
for women than for men: subscale SPT (29.3 vs. 28.1), subscale SAP (20.0 vs. 19.0), subscale
SPA (29.4 vs. 28.6), and subscale SSP (16.4 vs. 16.6) (Figure 2).

To show the relationship between age and individual subscales, we performed a
Pearson correlation test. The age of students is statistically significantly related to the
SAP subscale score (r = 0.212; p = 0.007) and the SPA subscale score (r = 9.213; 0.007).
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Based on the Kruskal–Wallis test, we found that the study program attended by students
affects the SAP score. The mean grade of SAP students attending the undergraduate first
degree study program nursing care is 19.7/32 (SD = 5.05), the score of students attending
the postgraduate second degree study program nursing care is 25.67/32 (1.53), and the
score of students who attend a postgraduate third degree study program nursing care is
26/32 (SD = 8.49).
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The mean assessment of student perception of learning is 28.1/48, which means a
more positive perception. Problematic assumptions with a mean grade of ≤2 in the SPL
subscale are “I am encouraged to participate in class,” which has an average grade of
1.8 (SD = 0.83), and “The teaching over-emphasizes factual learning,” which has a mean
grade of 1.3 (SD = 0.68) (Table 6); 69.2% of men (n = 18) and 64% of women (n = 80) agree
that teachers being encouraging to participate. Table S1 in Supplementary Materials present
the links between SPL items.

Table 6. Subscale SPL.

No. Question(s) N M (SD)

1 I am encouraged to participate in class. 160 1.8 (0.83)

7 The teaching is often stimulating. 160 2.5 (0.88)

13 The teaching is student-centred. 158 2.5 (0.94)

16 The teaching is sufficiently concerned to develop my competence. 160 2.8 (0.78)

20 The teaching is well focused. 159 2.7 (0.70)

22 The teaching is sufficiently concerned to develop my confidence. 150 2.6 (0.89)

24 The teaching time is put to good use. 152 2.9 (0.61)

25 The teaching over-emphasizes factual learning. 151 1.3 (0.68)

38 I am clear about the learning objectives of the course. 150 2.7 (0.86)

44 The teaching encourages me to be an active learner. 147 2.4 (0.91)

47 Long-term learning is emphasized over short-term. 147 2.7 (0.95)

48 The teaching is too teacher-centred. 148 2.5 (0.79)
No. = Number of question; N = sample size; M = mean; SD = standard deviation.
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The mean score of student perception of teachers is 28.9/44, which means that it is
moving in the right direction. The item “The teachers are authoritarian” received the lowest
mean value of 1.9 (SD = 0.98) (Table 7); 39.4% of respondents (n = 62) do not agree with this
statement, and 25.5% (n = 48) neither agree nor disagree with this statement. Table S2 in
Supplementary Materials present the links between SPT items.

Table 7. Subscale SPT.

No. Question(s) N M (SD)

2 The teachers are knowledgeable. 160 3.1 (0.84)

6 The teachers are patient with patients. 148 2.9 (0.88)

8 The teachers ridicule the students. 159 3.1 (0.83)

9 The teachers are authoritarian. 174 1.9 (0.98)

18 The teachers have good communications skills with patients. 144 3.0 (0.69)

29 The teachers are good at providing feedback to students. 150 2.8 (0.78)

32 The teachers provide constructive criticism here. 143 2.7 (0.72)

37 The teachers give clear examples. 151 2.8 (0.78)

39 The teachers get angry in class. 151 2.8 (0.84)

40 The teachers are well prepared for their class. 151 2.9 (0.79)

50 The students irritate the teachers. 147 2.9 (0.83)
No. = Number of question; N = sample size; M = mean; SD = standard deviation.

The mean score of students’ academic self-perception is 19.8/32, representing that
feelings are more on the positive side. None of the items in the SAP subscale received a
lower mean score than 2 (Table 8). With the highest mean score, the item “I have learned a
lot about empathy in my profession” stands out, with a mean score of 3.1 (SD = 0.65). A
total of 89.9% of respondents (n = 134) agree that they learned a lot about empathy in the
profession during their studies in the current year. Table S3 in Supplementary Materials
present the links between SAP items.

Table 8. Subscale SAP.

No. Question(s) N M (SD)

5 Learning strategies which worked for me before continue to work for me now. 157 2.6 (0.81)

10 I am confident about my passing this year. 161 2.9 (0.84)

21 I am feel am being well prepared for my profession. 149 2.7 (0.83)

26 Last year work has been a good preparation for this year’s work. 113 2.7 (0.81)

27 I am able to memorize all I need. 152 2.2 (0.95)

31 I have learned a lot about empathy in my profession. 174 3.1 (0.65)

41 My problem-solving skills are being well developed here. 146 2.7 (0.74)

45 Much of what I have to learn seems relevant to a career in medicine. 147 2.7 (0.83)
No. = Number of question; N = sample size; M = mean; SD = standard deviation.

A score of students’ perceptions of the atmosphere is 29.1/48, meaning that the
atmosphere is more positive than negative. The lowest score was given to the statement
“This school is well timetabled” and was 1.5 (SD = 1.10) (Table 9); 51.3% of respondents (n =
81) disagree that the schedule is well planned, 25.9% (n = 41) neither agree nor disagree with
the statement. Table S4 in Supplementary Materials present the links between SPA items.
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Table 9. Subscale SPA.

No. Question(s) N M (SD)

11 The atmosphere is relaxed during the ward teaching. 144 2.5 (0.95)

12 This school is well timetabled. 159 1.5 (1.10)

17 Cheating is a problem in this school. 160 2.7 (0.87)

23 The atmosphere is relaxed during lectures. 151 2.8 (0.69)

30 There are opportunities for me to develop interpersonal skills. 152 2.7 (0.74)

33 I feel comfortable in class socially. 151 3.0 (0.69)

34 The atmosphere is relaxed during seminars/tutorials. 150 3.0 (0.66)

35 I find the experience disappointing. 151 2.7 (0.86)

36 I am able to concentrate well. 151 2.5 (0.79)

42 The enjoyment outweighs the stress of studying medicine. 147 2.1 (0.98)

43 The atmosphere motivates me as a learner. 147 2.4 (0.96)

49 I feel able to ask the questions I want. 147 3.0 (0.79)
No. = Number of question; N = sample size; M = mean; SD = standard deviation.

The mean score of students’ social self-perception is 16.5/28, meaning that social
perception is not too bad (Table 10). The item “There is a good support system for students
who get stressed” and the item “I am too tired to enjoy this course” get a lower score of 2,
more specifically 1.8 (SD = 1.06) and 1.7 (SD = 0.97). 43.1% of the surveyed (n = 69) students
are too tired to participate in the lectures. Table S4 in Supplementary Materials present the
links between SPL items.

Table 10. Subscale SSP.

No. Question(s) N M (SD)

3 There is a good support system for students who get stressed. 161 1.8 (1.06)

4 I am too tired to enjoy this course. 161 1.7 (0.97)

14 I am rarely bored on this course. 159 2.1 (0.95)

15 I have good friends in this school. 159 3.0 (0.81)

19 My social life is good. 158 2.8 (0.96)

28 I seldom feel lonely. 151 2.5 (0.97)

46 My accommodation is pleasant. 146 3.2 (0.67)
No. = Number of question; N = sample size; M = mean; SD = standard deviation.

Supplementary Materials represents the inter-item correlations of the subscale.

4. Discussion

To the best of the authors ‘knowledge, this is the first study to assess students’ per-
ceptions of the educational environment in Slovenia. We wanted to obtain information to
assess the learning environment of nursing students. Our study was conducted during
the COVID-19 pandemic, when colleges were forced to move their education online. Thus,
despite the challenges of social distancing, isolation, and quarantine measures [58], they
continued to provide education for nurses [59].

The assessment of the learning environment in the nursing student participants
of this study is more positive than negative, as in many studies where this tool was
used [15,35,54,60–68]. So far, only one study has been conducted that provides researchers
with insight into the differences between personal and online teaching. In the United
Kingdom, researchers conducted a national cross-sectional study to assess the learning
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environment during online teaching. They found that the assessment of the learning
environment was lower than in live teaching [21].

We wanted to assess if there are differences between individual scales according to
gender. In our study, differences were detected only in the assessment of learning perception
(SPL), where women had a higher score than men (28.9 for women vs. 24.9 for men, p = 0.024).
No statistically significant differences were detected in other subscales. The overall score is
also higher for women (124.3; SD = 29.04) compared with men (116.1; SD = 32.1). Similar
results were also obtained in another study where researchers found higher scores in women
than in men [62]. This means that women have a better perception of the educational
environment. Studies detect gender differences in study habits, which in turn affect student
outcomes [69]. Also, female students are more willing to participate and work in a team than
male students [70]. There are also differences in the acceptance of e-learning between men
and women [71]. In contrast to our study, however, Fooladi found that perceptions of the
learning environment are lower in women among vulnerable groups [72].

There is no statistically significant difference between years of enrolment in our study.
The highest DREEM score is detected in the first year of study, where the mean grade
is 124.15 (SD = 31.89). Other research finds that perception of the learning environment
differs according to student performance, and also a difference between individual years
of study [73]. Shrestha, et al., also note that the learning environment assessment is highest
among students in the first year of study [74].

Of particular concern is that most students disagree with the claim that the schedule
is well planned. Only 20.7% of respondents (n = 36) rate schedules as well-planned. This
can also be related to the observation that 40.2% of students (n = 70) are often too tired
to participate in lectures. Students are primarily concerned with time management in
distance learning [75,76]. It is important to reduce the academic burden on students and
help students develop time management skills, which significantly contributes to their
success [77,78]. Stress and overload in nursing students can lead to burnout, anxiety, and
depression [79].

Nebhinani, et al. point out that there is a great need to plan and implement various
stress management programs [80]. Only 23.5% of respondents (n = 41) in our study agree
that a good support system is in place in the presence of stress. Like our study, students
in eastern Nepal perceived that they do not have a good support system during times of
stress [74]. Numerous studies have found increased stress in students due to an outbreak of
coronavirus disease [10,81–83], so support in this area is particularly important at this time.
Stress connected with distance learning for students mainly leads to a lack of concentration,
motivation, and technical difficulties [84].

56.3% of students (n = 98) believe that teachers focus too much on teaching based on
data memorization, and 36.2% of students (n = 63) believe that teachers are too authori-
tative in their work. Nevertheless, most students (n = 117; 67.2%) believe that teaching is
sufficiently focused on developing competencies related to their profession.

Health science students will receive such a good education, but its effectiveness must
be rigorously and regularly evaluated [85]. Therefore, it is of the utmost importance that
such research is continued, and the rate of improvement is assessed. Only in this way can
we achieve the best possible learning environment for students.

Limitations

There is a possibility of bias due to low response to the survey questionnaire. The
reason for this might be in the fact that questionnaires were sent to the students in an
online form, which usually results in low response rates. The study also took place within
one faculty and cannot be generalized on a wider scale. Also, the limitation is that the
assessment of the educational environment was carried out only during online teaching and
cannot be compared with the evaluation of the learning environment during the traditional
implementation of the learning process. Another limitation is that the online survey was
conducted only from November 2020 to January 2021 and not in other study periods.
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5. Conclusions

Nursing students generally rate their learning environment more positively than
negatively, but there is still room for improvement in all categories. Greater emphasis is
needed on the organization and timing of lessons to achieve better concentration of students
in classes and reduce their level of stress. Educational organizations are also recommended
to set up a good support system for students. The need to change the approach by teachers
and their role was also perceived. With an authoritative approach and too much emphasis
on factual learning, we negatively affect the student’s motivation and willingness to work.
Teachers can improve this through appropriate pedagogical and andragogic education.

It is important that learning organizations and teachers also focus on providing a
suitable and appropriate learning environment for students during distance learning.
This is the only way they can contribute to positive learning outcomes and gain student
experience. However, this presents a unique challenge, as the teacher has no contact with
students when teaching online.

In the future, we plan to conduct a longitudinal study to observe the impact and
variation of different factors in assessment of the learning environment over time.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/healthcare9080998/s1, Inter-item correlations of the subscale.
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Abstract: Background: The educational process in different medical schools has been negatively
affected by the COVID-19 pandemic worldwide. As a part of the Saudi government’s attempts
to contain the spread of the virus, schools’ and universities’ educational activities and face-to-face
lectures have been modified to virtual classrooms. The purpose of this study was to explore the
perceptions of the faculty and the students of an electronic objective structured clinical examination
(E-OSCE) activity that took place during the COVID-19 pandemic in the oldest medical school in
Saudi Arabia. Methods: An e-OSCE style examination was designed for the final-year medical
students by the pediatrics department, College of Medicine at King Saud University in Riyadh, Saudi
Arabia. The examination was administered by Zoom™ video conferencing where both students and
faculty participated through their laptop or desktop computers. In order to explore the students’ and
the faculty’s perceptions about this experience, a newly designed 13-item online questionnaire was
administered at the end of the e-OSCE. Results: Out of 136 participants (23 faculty and 112 students),
73 respondents (e.g., 54% response rate) filled out the questionnaire. Most of the respondents (69.8%)
were very comfortable with this new virtual experience. Most participants (53.4%) preferred the
e-OSCE compared to the classic face-to-face clinical OSCE during the pandemic. Regarding the
e-OSCE assessment student tool, 46.6% reported that it is similar to the classic face-to-face OSCE;
however, 38.4% felt it was worse. Conclusions: The e-OSCE can be a very effective alternative to the
classic face-to-face OSCE due to the current circumstances that still pose a significant risk of infection
transmission. Future studies should examine different virtual strategies to ensure effective OSCE
delivery from the perspective of both faculty and students.
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1. Introduction

The educational process throughout the different undergraduate and graduate med-
ical institutes has been immensely disrupted due to the concern of COVID-19 infection
transmission as well as the precautionary lockdown and other preventive actions that have
been taken to contain the pandemic worldwide [1]. Therefore, many medical schools across
the world have adopted and implemented the electronic Objective Structured Clinical
Examination (e-OSCE) as a tool to evaluate their medical students with great success [1–4].
In Saudi Arabia, as part of the government’s attempts to contain the spread of the virus,
the face-to-face activities of all educational institutions were converted to the virtual class-
room to promote social distancing. Many studies suggested that 90% of the teachers were
motivated to implement social education despite having diverse students with different
cultural backgrounds [5,6].

The school of medicine at King Saud University offers a 6-year Bachelor of Medicine
and Bachelor of Surgery (MBBS) program where the first year includes basic sciences
followed by three years of basic clinical courses (e.g., anatomy, physiology, pharmacology,
biochemistry), and the last two years are mainly applied clinical courses (e.g., surgery,
internal medicine, otorhinolaryngology, ophthalmology, family medicine, and pediatrics).
The pediatrics course consists of two major parts (theoretical and clinical). This course
is divided into three parts and is delivered throughout the academic year. However, the
course delivery has been disrupted by the COVID-19 pandemic, especially for students in
their last two years. Therefore, the different online assessment tools, such as the e-OSCE,
have been commonly utilized during this pandemic to ensure the continuity of education
for medical students and to assess the quality of the educational outcomes [4]. In this study,
our objective was to examine the perceptions of students and faculty on the implementation
of e-OSCE during COVID-19 lockdown in King Saud University in Riyadh, Saudi Arabia.
The perceptions of the fifth-year medical students as well as their faculty members who
participated in assessing their performance in the pediatric e-OSCE delivered through
Zoom™ teleconferencing platform (Zoom Video Communication, Inc., San Jose, CA, USA)
at King Saud University in Riyadh, Saudi Arabia, were explored using a newly developed
online-based questionnaire. Furthermore, the steps taken to prepare and conduct this new
virtual experiment in the oldest medical school in Saudi Arabia are described.

2. Methods
2.1. Study Design

This was an online questionnaire-based cross-sectional study that followed a pediatric
e-OSCE for the fifth-year medical students to explore the students’ and faculty perceptions
toward this new experience during this unprecedented pandemic time at King Saud
University in Riyadh, Saudi Arabia. The students underwent an intensive overview and
teaching of common pediatrics case presentations two months prior to the e-OSCE over a
two-week period. Students were divided into small groups for case discussion, and each
group was assigned two faculty members to facilitate the case discussion and observe
the performance of each group using a standardized assessment scale. The students were
given 120 min (2 h) to discuss the cases, and discussions were held on Zoom™ breakout
rooms, given the students’ familiarity with this application. This e-OSCE was conducted as
a part of the clinical evaluation for the last course in the fifth-year of medical school. The
clinical cases were carefully chosen and included different parts to assess the history and
physical examination skills as well as the skills in interpreting radiological and laboratory
results. These cases were predesigned and prepared by the undergraduate committee in
the department of pediatrics, but did not include real patients. The students were informed
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about the exam through an email that was sent by the director of the exam committee and
included a clear description of the examination process as well as the date/time of the
exam and the registration process.

2.2. Electronic-OSCE Procedures

The following were steps taken to ensure smooth conduct of the examination:

• Zoom™ breakout rooms were created by the examination committee.
• Students arrived 15 min before the start of the exam and were admitted to waiting

virtual breakout rooms.
• The students and the examiners were asked to keep their cameras on throughout

the exam.
• The students were admitted to their assigned virtual breakout rooms where their

examiners were waiting for them there (e.g., two examiners in each breakout room).
• The examiners then presented students with three different clinical scenarios, which

included patient history taking, an emergency case, and a chronic pediatric problem.
• The students were then given eight minutes to answer all post-encounter prompts.
• While one of the examiners was observing and grading the students, the other exam-

iner acted as a standardized patient as needed based on the case scenario.
• At the end of the encounter (24 min in total), a five-minute break was given to allow

timely admission of the next group of students.
• A 15-min break between each student and the next was taken to complete the checklist

and mark the students by each examiner separately for the three stations.
• The case scenarios were changed for each group with a total of 18 scenarios.

There were 18 different grading subcommittees with two pediatric consultants (e.g.,
examiners) in each, which brought the total number of pediatric consultants to 36. The
e-OSCE lasted about 2 h per day and was completed in two days.

The objectives of the OSCE stations were to test the student’s ability to take a com-
prehensive history; including the different unique components in common pediatric cases.
The e-OSCE stations were similar in themes and structure to the traditional OSCE that
were conducted face-to-face before the COVID-19 crisis.

The general themes of the stations included: taking developmental history and estimat-
ing the child’s developmental age, the asthma station with questions in acute management
and long-term management, the bronchiolitis station. Also included was a febrile seizure
station, and the questions included history taking, differential diagnosis, and distinguish-
ing between febrile seizures and other types of seizures. In addition, a station included
interpretation of different patterns of the growth chart. A station was targeted at identifying
different equipment in pediatrics and the ability to describe the indications, contradictions,
and adverse events.

Furthermore, case stations including abdominal pain and abdominal mass, as well as
neonatology or critical care station, were also encompassed. Each station’s allocated time
was 8 min per station. Each student had five stations to go through. Each station of the
OSCE had 3–4 questions with 2 min of time allocated to answer each question.

2.3. Faculty’s and Students’ Perceptions of e-OSCE

In order to evaluate the faculty’s and students’ perceptions of the pediatric e-OSCE
during the COVID-19 pandemic, a-13 item online questionnaire was developed by the
undergraduate programs committee at the department of pediatrics. This questionnaire
consisted of two parts. The first part consists of four questions about demographic charac-
teristics (e.g., age, gender, title) and previous exposure to a teleconferencing experience
(e.g., Zoom™, Microsoft teams, webinars); and the second part consists of nine questions
about the likelihood to recommend this experience to other students and faculty mem-
bers, how comfortable this experience was, personal preference to face-to-face or virtual
OSCE, how the virtual OSCE affected the quality of student’s assessment, the personal
rating of this experience, whether this experience resulted in lower stress and anxiety in
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comparison to the classic face-to-face experience, and whether it should be incorporated in
the future assessment of medical students especially after the end of this pandemic, the
different positive aspects of this experience, and the obstacles faced during this experience
(Appendix A). The face and content validity of the questionnaire were checked by five
faculty members, and the reliability was checked using the Cronbach’s alpha method. All
students (103 students) and faculty members (36 faculty) who participated in this e-OSCE
were invited to participate in this survey directly after the end of the assessment. Those
who accepted the invitation were asked to consent to participate before filling out the
questionnaire. No personal identifiers were collected, and the study adhered to the ethical
principles of the Helsinki declaration.

2.4. Statistical Analysis

The mean and standard deviation were used to describe continuous variables and
frequencies and percentages for the categorical variables. The median values were quoted
for the bivariate comparisons with the non-parametric comparison methods. The multiple
response dichotomy analysis was used to describe the questions measured with multiple
option selections. The chi-squared test of association was used to assess the correlations
between categorically measured variables. The non-parametric Mann–Whitney U test was
used to compare people’s perceptions of the e-OSCE across binary categorical variable
levels. Alpha significance level was considered at 0.050 level. All statistical analyses were
performed using SPSS 21 (IBM Corp., Armonk, NY, USA).

3. Results

Out of 136 participants in the pediatric e-OSCE who were invited to participate in
the questionnaire upon the completion of the examination, 73 individuals (23 faculty and
50 students) filled out the questionnaire (54% response rate). The majority of the partici-
pants were female (86%) and aged 30 years and younger (68.5%). Almost all participants
(98.6%) had previous experience with the Zoom™ videoconferencing platform (Table 1).
The questionnaire showed good internal consistency (e.g., Cronbach’s alpha = 0.955).

Table 1. The e-OSCE survey participating subjects characteristics (n = 73).

Characteristic Frequency Percentage

Sex
Female 63 86.3
Male 10 13.7
Age
≤30 years 50 68.5
>30 years 23 31.5
Role
Academic teacher 23 31.5
Medical student 50 68.5
Previously used teleconference methods
Face time 26 35.6
Zoom 72 98.6
Webinar 40 54.8
Work-related online meetings 26 35.6
Online learning interfaces 35 47.9
Telephonic conference 15 20.5
Other methods/tools 1 1.4

Most of the participants (69.8%) felt very comfortable or extremely comfortable during
their participation in the pediatric e-OSCE. Moreover, most participants preferred the
e-OSCE over the classic face-to-face OSCE (53.4%) or did not prefer classic face-to-face
(15.1%). In addition, most of the participants (74%) reported that the participation in
e-OSCE had either reduced their level of stress or anxiety or did not have any effect in
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comparison to the classic face-to-face OSCE. However, less than 40% of the participants
recommended incorporating e-OSCE in the curriculum after the end of the COVID-19
pandemic, and 74% did not recommend the use of remote students’ assessment in the
future (Table 2). When asked on a 1–10 Likert scale about how likely is it that they would
recommend such virtual assessment (e-OSCE) to a colleague, their mean (SD) 7.75 (1.63)
indicated that most of them would recommend it.

Table 2. Characteristics of the e-OSCE experience by the faculty and students (n = 73).

Question Frequency Percentage (%)

How comfortable did you feel participating in this remote
clinical exam (via Zoom or any other similar application)?
Not at all comfortable 1 1.4
Not so comfortable 7 9.6
Somewhat comfortable 14 19.2
Very comfortable 35 47.9
Extremely comfortable 16 21.9
In regard to your previous experience with “classic
face-to-face” clinical OSCE, what is the preferred OSCE
style for you during the COVID-19 Pandemic?
Virtual OSCE (e-OSCE) is preferred 39 53.4
Classic face-to-face is preferred 23 31.5
Both are equally preferred for me 11 15.1
How do you think these remote clinical exams (e-OSCE)
affected the quality of the student’s assessment?
Similar assessment to the face-to-face OSCE 34 46.6
Better assessment than face-to-face OSCE 11 15.1
Worse assessment than face-to-face OSCE 28 38.4
Doing remote video assessment during the COVID-19
pandemic decreased my anxiety-mean (SD) 1–5
Likert agreement.
Strongly disagree 6 8.2
Disagree 13 17.8
Neither agree or disagree 18 24.7
Agree 26 35.6
Strongly agree 10 13.7
Video conferencing as an assessment tool for the pediatric
course should be incorporated in next year’s courses.
Strongly disagree 5 6.8
Disagree 20 27.4
Neither agree or disagree 19 26
Agree 24 32.9
Strongly agree 5 6.8
Do you suggest continuing on remote student assessments
(via Zoom or similar platforms) after the COVID crisis?
Yes 19 26
No 54 74

Abbreviations: OSCE: objective structured clinical examination, e-OSCE: electronic objective structured
clinical examination.

The participants perceived the following as the top three positive contributors to
e-OSCE: clear instructions provided, the organizers’ prompt communications, and the free
use of the zoom application (Figure 1). Conversely, the slow internet connectivity and the
vague instructions, as well as other negative aspects that were not clearly specified, were
the most commonly reported negative aspects of the e-OSCE, as shown in Table 3.
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Figure 1. Different aspects of the OSCE experience that were viewed positively by the participants.

Table 3. The e-OSCE teleconference participants perceived “Positive” versus “Negative” aspects
about the experience.

Characteristic Frequency Percentage (%)

The participants perceived Positive aspects of
the Online OSCE experience
The clear instructions provided 41 60.3
Organizers’ prompt communications 40 58.8
The free use of the zoom application 40 58.8
Clarifying emails received from the organizers 31 45.6
The WhatsApp group discussion that related
specifically to this event 23 33.8

The fast internet speed 19 27.9
The demo of videoconference before connecting 5 7.4
Other 6 8.8
The participants perceived negative aspects of
the Online OSCE experience
Slow internet speed 30 44.1
Unclear demo video 18 26.4
Unclear instructions 10 14.7
Unfamiliarity with the application 6 8.8
Not receiving clarification emails 2 2.9
Other 23 33.8

To better understand why participants had perceived different quality of e-OSCE
assessment, a bivariate analysis was conducted (Table 4). The resulted findings showed
that the student’s sex did not correlate significantly on their perception of the quality
of e-OSCE assessment, but ages older than thirty years perceived the quality of e-OSCE
assessment significantly worse (p = 0.030). Also, medical students perceived the quality of e-
OSCE assessment significantly worse than teachers (p = 0.030) according to the chi-squared
test of independence. The non-parametric Mann–Whitney U test showed that physicians
who perceived worse e-OSCE quality were significantly less willing to recommend this
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virtual assessment (Median = 6) as compared to those who perceived it as better or similar
to the face-face assessment (Median = 8) on average (U = 350.5, df = 73, p = 0.003).

Table 4. Bivariate analysis of participants’ e-OSCE quality of assessment.

Variable
How Do You Think These Remote Clinical Exams (e-OSCE)

Affected the Quality of the Student’s Assessment? Test Statistic p-Value
Similar/Better Worse

Sex
Female 40 (88.9) 23 (82.1) χ2(1) = 0.22 0.642
Male 5 (11.1) 5 (17.9)
Age

≤30 years 35 (77.8) 15 (53.6) χ2(1) = 4.70 0.030
>30 years 10 (22.2) 13 (46.4)

Role
Academic teacher/coordinator 10 (22.2) 13 (46.4) χ2(1) = 4.670 0.030

Medical student 35 (77.8) 15 (53.6)

How likely is it that you would
recommend virtual assessment

(e-OSCE) to a friend or
colleague?-median Likert rating

8 6 U(73) = 380.5 0.003

How comfortable did you feel
participating in this remote clinical

exam (via Zoom or any other
similar application)?—median

Likert rating

4 3.4 U(73) = 418 0.010

In regard to your previous
experience with “classic

face-to-face” clinical OSCE, what
is the preferred OSCE style for you

during the COVID Pandemic?

virtual OSCE (e-OSCE)
is preferred 29 (64.4) 10 (35.7) χ2(2) = 7.60 0.022

classic face-to-face is preferred 9 (20) 14 (50)

Both are equally preferred for me 7 (15.6) 4 (14.3)

Doing remote video assessment
during the COVID-19 pandemic
decreased my anxiety-median

Likert agreement

4 3 U(73) = 487 0.093

Video conferencing as an
assessment tool for the pediatric
course should be incorporated in
next year’s courses-median value

4 2 U(73) = 223.5 <0.001

Another non-parametric Mann–Whitney U test showed that the students who per-
ceived worse e-OSCE quality had perceived significantly lower comfort (Median = 3.4)
than those who had perceived the e-OSCE equivalent or better with respect to the quality
of assessment compared to the face-face methods (U = 418, df = 73, p = 0.010). Even so,
participants who preferred the face-face OSCE assessment were found to be significantly
more predictable of perceiving the e-OSCE as being significantly worse than face-face
methods (p = 0.022). People’s perception of anxiety during the e-OSCE did not correlate
significantly with their perceived quality of the virtual assessment (p = 0.093). However,
those who perceived the e-OSCE as worse had measured significantly lower willingness
to incorporate virtual assessments in future courses (median = 2) compared to people
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who were satisfied with the quality of the e-OSCE method (median = 4) according to a
Mann–Whitney U test (p < 0.001).

4. Discussion

The current COVID-19 pandemic has emerged as the greatest threat to global edu-
cational and healthcare systems and imposed an enormous challenge. Over the last year,
virtual education played a vital role in mitigating the impact of this pandemic on the educa-
tional process by providing an interactive communication platform. These platforms, such
as Microsoft teams®, Zoom™, Skype®, and Cisco Web™, have been increasingly adopted
by all the medical schools across the country to overcome the raised challenges during the
COVID-19 pandemic and try to maintain/rescue the educational process through distance
learning [7,8]. As the pandemic persisted, another challenge was raised by the end of the
academic year of how to safely but reliably assess the performance of the medical stu-
dents. To ensure the safety of staff and students during this period and maintain physical
distancing, the pediatric department implemented an online exam using an interactive
communication platform and applied a final online multimodal exam for the fifth-year
medical students. This multimodal exam approach used predesigned clinical scenarios
that assessed various competencies, including history taking, clinical examination findings,
communication skills, laboratory, and diagnostic image interpretation. However, despite
adopting this novel approach, it was essential to study the effect of this newly implemented
virtual assessment method on both students and faculty. Therefore, we explored the per-
ceptions of the students and faculty toward this newly implemented online multimodal
exam, the challenges, limitations, and the overall satisfaction of the participants.

In this study, around 90% of the participants stated that they were familiar and had
previous experience with different virtual interactive communication platforms and apps,
such as the Zoom™ platform. Over the previous few months, different virtual education
platforms had been adopted and implemented by the faculty of medicine and ensured
that all students and faculty had unrestricted access to these platforms. This project was
adopted by the pediatric department to empower, support, and facilitate distance learning
among its staff and students. This went along with the worldwide transition as most
academic institutions converted to use online learning platforms as an alternative during
this period of pandemic and lockdown to ensure the safety of staff and students [9].

This study demonstrated that a comprehensive multi-format, the high-stakes exam,
could be run online uneventfully with an acceptable level of satisfaction by all stakeholders
as nearly 84% of participants in the study felt comfortable. Although we expected that
students would be anxious about how they would perform in this online exam due to
their unfamiliarity with this type of exam, many of them reported that taking the OSCE
online reduced their anxiety levels. One possible explanation is that their anxiety toward
acquiring COVID-19 during a face-to-face OSCE surpassed their anxiety of being examined
online for the first time. This explanation could be supported by the preference of most
participants not to continue the remote assessment after the COVID-19 pandemic [10].

However, during an infectious disease outbreak, the literature reported that medical
students expressed anxiety during coronavirus disease, with an increased level of social
avoidance during the outbreaks [11–13]. Previous reports in an academic teaching hos-
pital setting with MERS-CoV experience showed increased knowledge and adherence to
protective hygienic practices, and reduced anxiety towards COVID-19 [14].

Our results showed no gender correlations with the perceptions about the e-OSCE
experience. Yet, it is important to consider gender-specific should be evaluated in future
vitual OSCE, considering the previously reported differences between female and male
students [15]. Also, the older age group who perceived lower quality of e-OSCE in our
study suggest that more emphasis on their virtual assessment experience may be warranted
in the future. Our medical students also perceived the quality of e-OSCE assessment to
be significantly worse than the teachers. Kim et al., found that while students were
generally prepared for e-learning, there was a significant improvement in their OSCE
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performance after e-learning interventions [16]. Still, there were gender differences but
no age associations; with their readiness being higher for males than females (p < 0.05),
without differences across ages (p = 0.24) [16].

Although participants were overall satisfied with the e-OSCE, they rated some aspects
of this new experience more favorably than others. The highly-rated positive aspects of this
experience were clear instructions provided prior to the e-OSCE exam and the presence
of a team of coordinators, and their prompt responses. Similar findings were observed
by Khalaf et al. [17]. Of note, we observed that the participants preferred communication
through emails compared to the WhatsApp® group. However, as there were no previous
studies with similar findings; this new finding might be due to the perception among
the surveyed participants that emails are still being viewed as a more official way of
communication in comparison to WhatsApp® [18]. Moreover, some studies have shown
that students who had prior exposure to online education were more satisfied with the e-
OSCE than those who had not undergone such an experience before. This is understandable
and expected as the former are more adept at using online communication platforms than
the latter [17,19].

In this study, participants who perceived worse e-OSCE quality were significantly
less willing to recommend this virtual assessment in the future. Therefore, more efforts
are needed to improve such virtual assessments and mitigate any negative aspects of the
experience, for both the students and faculty. Some participants reported minor technical
problems as a negative aspect of e-OSCE, such as a slow-speed internet. Similarly, findings
were observed by Pal D et al. with the use of Microsoft® teams as an online learning
platform during the current COVID-19 pandemic [20]. However, these problems can be
overcome with a high-speed internet, better exam coordination, and IT support to provide
the required help and support to students who may encounter any technical issues during
the exam, as well as clear instructions and guidance given to them prior to the exam.

Although the pediatric e-OSCE was perceived favorably by most students and faculty,
it has several limitations. As the COVID-19 pandemic evolved rapidly, the decision to
implement the e-OSCE project was taken urgently. Consequently, the sample size was
small from a single institution which limits the generalizability of the findings. Informa-
tion bias is another limitation that cannot be ruled out as well. In addition, this survey
was administered to students and faculty in the pediatrics rotation, and their perceptions
may differ from students in other clinical rotations. The survey also used closed-ended
questions, which may limit the examination of beliefs and attitudes. Despite these limi-
tations, this is the first study that has explored the perceptions of both the students and
faculty members about pediatric e-OSCE in Saudi Arabia. Additionally, the positive and
negative aspects of this new experience were revealed from both the medical faculty’s and
students’ perceptions.

5. Conclusions

In this study, a novel way of e-OSCE was implemented to ensure medical education
continuity and quality during the COVID-19 crisis. This virtual method of assessment was
generally well-perceived by both students and faculty, but older ages were less satisfied
with the quality of this virtual assessment. While e-OSCE provides a valuable alternative
to the classic face-to-face OSCE during infectious disease outbreaks, more research on
improving this virtual assessment tool is warranted. Sharing innovative educational
experiences, such as the e-OSCE, in these circumstances is beneficial as the pandemic
continues to pose a global threat that could continue to affect medical education and
evaluation for a long time. The findings of this study should guide the future direction and
decisions toward the optimization of this innovative virtual experiment as well as inform
any upcoming studies that are aimed to explore and assess the educational outcomes of
different virtual strategies during this unconventional time.
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Appendix A

Table A1. Questionnaire on faculty’s and students’ perceptions of the pediatric e-OSCE.

1. What is your gender?

�
Male.

�
Female.

2. Your title:

�
Faculty (Dr., Professor).

�
Student.

3. What is your age?

�
18–30 years.

�
31–40 years.

�
41–50 years.

�
51–60 years.

�
61–70 years.

�
71 years or older.

4. How likely is it that you would recommend virtual assessment (e-OSCE) to a friend or colleague?
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10. How much do you agree with the following statements regarding this video interview? 

a. Doing remote video assessments during the COVID-19 pandemic decreased my anxiety. 

□ Strongly disagree. 

□ Disagree. 

□ Neither agree nor disagree. 
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Table A1. Cont.

5. Previous teleconferencing experience (please check all that apply).

�
Facetime.

�
Zoom.

�
Webinars.

�
Work-related online meetings.

�
Online learning.

�
Telephone conferencing.

�
Other (please specify).

6. How comfortable did you feel participating in this remote clinical exam (via Zoom or any other similar application)?

�
Extremely comfortable.

�
Very comfortable.

�
Somewhat comfortable.

�
Not so comfortable.

�
Not at all comfortable.

7. In regards to your previous experience with “classic face-to-face” clinical OSCE, what is the preferred OSCE style for
you during the COVID Pandemic?

�
Virtual OSCE (e-OSCE) is preferred.

�
Classic face-to-face is preferred.

�
Both are equally preferred for me.

8. How do you think these remote clinical exams (e-OSCE) affected the quality of the student’s assessment?

�
Similar assessment to the face-to-face OSCE.

�
Better assessment than face-to-face OSCE.

�
Worse assessment than face-to-face OSCE.
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9. How much do you rate this Zoom clinical assessment experience?
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10. How much do you agree with the following statements regarding this video interview? 

a. Doing remote video assessments during the COVID-19 pandemic decreased my anxiety. 

□ Strongly disagree. 

□ Disagree. 

□ Neither agree nor disagree. 

10. How much do you agree with the following statements regarding this video interview?

a. Doing remote video assessments during the COVID-19 pandemic decreased my anxiety.

�
Strongly disagree.

�
Disagree.

�
Neither agree nor disagree.

�
Agree.

�
Strongly agree.

b. Video conferencing as an assessment tool for the pediatric course should be incorporated in next year’s courses.

�
Strongly disagree.

�
Disagree.

�
Neither agree nor disagree.

�
Agree.

�
Strongly agree.

11. Do you suggest to continue on remote student’s assessment (via Zoom or similar platforms) after the COVID-19 crisis?

�
Yes.

�
No.
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Table A1. Cont.

12. What are the positive aspects of your e-OSCE experience in our previous Pediatric course? (Please choose all that apply)

�
Organizers’ communication.

�
WhatsApp group discussion that related specifically to this event.

�
Emails from the organizers.

�
Demo of the video conferencing App before the event.

�
Clear instructions.

�
Free application (Zoom).

�
Fast internet speed.

�
Other (please specify):_________________________

13. What are the obstacles you faced during your remote clinical exam (via Zoom)? (please choose all that apply)

�
Not receiving the emails that were sent from the organizers.

�
Not having a Demo of the video conferencing App before the event.

�
The unclear instructions.

�
Application related (for example: unfamiliar with Zoom).

�
Slow or interrupted internet speed.

�
Other (please specify):_____________________________
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Abstract: Background: The implantation of Minimally Invasive Surgery (MIS) leads to the special-
ization of nurses in this surgical field. However, there is no standard curriculum of MIS Nursing in
Europe. Spanish and Portuguese nurses are inexperienced and have poor training in MIS. For that,
a blended learning course for nursing education in MIS (Lapnurse) has been developed. This work
aims to detail the course design and to preliminary validate by experts its online theoretical module.
Methods: Lapnurse consists of an online module with nine theoretical lessons and a face-to-face
module with three practical lessons. The e-learning environment created to provide the online mod-
ule, with didactic contents based on surgical videos and innovative 3D designs, has been validated
by two technicians (functionality) and four nurses with teaching experience in MIS (usability and
content). Results: The E-learning platform meets all technical requirements, provides whole and
updated multimedia contents correctly applied for educational purposes, incorporates interactivity
with 3D designs, and has an attractive, easy-to-use and intuitive design. Conclusions: The lack of
knowledge in MIS of Spanish and Portuguese nurses could be addressed by the blended learning
course created, Lapnurse, where the e-learning environment that provides theoretical training has
obtained a positive validation.

Keywords: blended learning; design; education; e-learning; laparoscopy; minimally invasive surgery;
nursing; training course; validation

1. Introduction

Health professionals’ mobility between countries has been a common practice for
many years. As an example of this, the migration of nurses between Spain and Portugal
is easier because of their geographical contiguity and cultural affinity, and it has always
existed in both directions [1]. That cross-border migration of nurses is enriching for both
destination and origin countries, as long as these health professionals are adequately
trained to practice in the destination country. Minimally Invasive Surgery (MIS) techniques
have been implanted in recent years as a routine surgical practice, making it necessary
to meet the training needs of professionals in this surgical field [2], including nurses.
However, as far as we know, there is no standard curriculum of MIS Nursing in Europe.
Thus, appropriate means should be available for nurses to acquire the knowledge that
allows them to develop new attitudes and skills in the workplace [3], as required in MIS.

E-learning may be a good tool to improve the quality of education [4], allowing stu-
dents flexibility in time, place, and access to content. Furthermore, it improves their
learning ability by allowing them to progress at the most appropriate speed [5]. How-
ever, those education programs carried out entirely online can raise inequalities for users
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with computer illiteracy [6]. Moreover, e-learning has a series of interrelation drawbacks
between teachers and students, such as the inability of students to receive immediate
feedback from the teacher [5]. For that, blended learning, which combines both online and
face-to-face learning, is a method that allows overcoming these barriers of e-learning, com-
bining the flexibility of timing and the convenience of online delivery with the spontaneity
and interpersonal interaction of face-to-face learning [7].

Although the benefits of e-learning and blended learning have been demonstrated in
several studies, not enough is known about what nurses think about continuing education
through e-learning [8,9] or blended learning [10]. For that, a study has been performed to
firstly identify and compare training needs and level of experience in MIS of Spanish and
Portuguese nurses, in order to check if they are qualified to work in this field, and to also
check whether e-learning technologies would be useful for a successful MIS training. A total
of 81 nurses from Extremadura (Spain) and 113 nurses from Alentejo (Portugal) participated
by filling in a questionnaire that showed a lack of experience and training of nurses in
MIS. In order to meet their training needs, they consider essential the implementation of
e-learning environments that offer courses with useful contents for their work and a focus
on clinical practice, to incorporate interactivity into these environments, and to use surgical
videos in online training processes. Such study indicated that nurses are technologically
competent to be trained by e-learning, and the blended learning is their preferred method
to learn MIS.

Therefore, we have designed and developed a laparoscopic training course for nursing,
named Lapnurse, through blended learning method with interactive didactic contents.
The main objectives of this study were to:

• Detail how the course has been designed and developed based on the training needs
demanded by nurses; and

• Preliminary assess by experts in a pilot study the functionality, content, and usability
of the e-learning environment that provides the theoretical module of Lapnurse.

2. Materials and Methods
2.1. Course Design

Blended learning method, as preferred by nurses, has been selected to implement
the Lapnurse course. This course consists of (1) a theoretical module with nine lessons,
to be taught through an e-learning web environment, and (2) a practical module with three
lessons, to be carried out in person in a specialized reference centre (Figure 1).

The contents of the course have been designed based on the role of nurses in MIS.
The tasks of circulating nurses are mainly focused on maintaining a safe and comfortable
environment in the surgical room during the surgery. They do not participate in interven-
tion and work outside of the sterile field, and have been responsible for the inspection
of surgical equipment and instruments, and also the preparation of the documentation
related to the surgery and the patient. However, the scrub nurses are directly involved
in the surgical intervention working within the sterile field. They prepare the operating
room for the patient and the instruments. They assist the surgical team by donning sterile
masks, gloves, and gowns, as well as by passing the instruments during surgery. For this,
surgical nurses need to acquire the necessary knowledge about instruments, equipment,
and techniques related to laparoscopic interventions in order to perform their work in a
safe way. Different sections of the developed course have been designed to meet all these
training needs in MIS.

As the e-learning environment used to provide the theoretical module of Lapnurse,
the Moodle web application [11] has been selected (Figure 2). This free distribution course
management system is very useful in the educational field, since it allows for incremental
performance and satisfaction when compared to traditional didactic lectures [12].
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Lessons consist of sequential pages providing all resources of the course (text, images,
videos, and 3D designs), in Spanish and Portuguese languages. On the left side of the envi-
ronment, the menu of each lesson is displayed, so that the user can view the tabs that the

281



Healthcare 2021, 9, 951

lesson contains and can navigate through them. At the end of each lesson, a questionnaire
evaluates the knowledge acquired by the students through multiple choice and true/false
questions, with two attempts to answer them within a limited time. Each attempt is auto-
matically scored and the results are saved in the gradebook, although they are displayed to
the user, with feedback comments and correct answers.

To encourage collaborative learning, synchronous and asynchronous means for com-
munication between users have been included (chat and two forums, respectively). The chat
allows participants to have a discussion in text format in a synchronous way in real time.
Chats are especially useful when a group does not have the possibility to meet physically
to talk face-to-face. The forum allows participants to have asynchronous discussions that
take place over an extended period of time. The automatically created forum “News and
announcement” indicates what is happening in the course, and it is only posted by teachers
and an administrator. Additionally, the “Discussion forum” has been created, in which all
users can add or reply to posts.

The main roles interacting with the system are the following:

• Student: They will be the main receiver of didactic contents in an active knowledge
search. For aspects of formal and non-formal learning, the student acts as a consumer
of content, e.g., accessing didactic content and courses, but without permission to
create new content or edit existing ones. For aspects of informal learning, the student
is considered an active participant within the professional network of the environment.
They will participate in forums and discussions, and will interact with other users in
the community.

• Teacher: A MIS surgeon with broad experience in teaching. As such, the main role
of the teacher will be as a content provider for formal learning, creating and editing
didactic contents, and loading them into the environment. For informal learning,
they will be considered an active participant within the professional network of the
environment. They will be able to upload multimedia content, participate as a tutor
solving doubts in forums and debates, and interact with other users in the community.

• Administrator: The administrator will normally be an expert in computer systems,
responsible for all management and technical aspects of the environment. Among their
tasks are user management, system monitoring, and technical assistance.

2.2. Didactic Surgical Videos

Surgical videos are the basis of the didactic contents offered by Lapnurse, since they
are very important and useful for nurses in online training processes and have increasingly
been used for continuing medical education in e-learning technologies [13,14].

These are endoscopic videos corresponding to digestive, gynaecological, thoracic,
and urologic surgical interventions. Video sections of interest to users have been selected
from raw videos, avoiding long duration because the time away from work is the main
drawback of health professionals who want training [15] and short contents are ideal for
them [16]. A wide sample of up-to-date videos of each surgical specialty has been included
to provide innovative information on advances in applied technology in line with the
current surgical trend.

2.3. Interactive 3D Designs

New interactive 3D designs of laparoscopic instrumental and equipment have been
developed to incorporate the interactivity demanded by nurses. They are PDF files with
the 3D model (Figure 3), which allow the user to perform some interactive actions over
the objects, such as rotate and move the model, zoom in or out, generate defined views,
add comments, make 3D measurements, make section views, and select visualization of
each component of the design, among others.
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All interactive 3D designs have been included in a Glossary within lesson 3. When any
term of the glossary appears in the text of the course, that word is highlighted so that users
can click it to visualize and interact with interactive 3D designs without having to visit
the glossary.

2.4. Preliminary Validation by Experts of the Online Theoretical Module

A pilot study for a preliminary validation by experts of the online theoretical module
of Lapnurse has been performed according to the scheme shown in Figure 4.
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Functionality, contents, and usability tests have been performed in order to get an
e-learning platform of high quality [17]. Functionality validation checks the correct func-
tioning of the system, as well as compliance with the functional requirements, through a
checklist (see Appendix A). Content validation evaluates the suitability of the lessons and
contents offered to meet the learning requirements. For that, a five-point Likert scale survey
(1—completely disagree, to 5—completely agree) has been used to subjectively evaluate
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the specific content of each lesson and the global content of the course (see Appendix B).
The minimum threshold for considering a validation as positive has been set to 3.5 out of
5 points in the Likert scale, according to 70% of agreement [18]. A “yes/no” checklist with
a list of requirements regarding the usability of the e-learning platform has been used to
assess the design and layout of the web environment (see Appendix C).

Two technicians with extensive experience in the development of distance training
tools (functionality validation) and four nurses (two from Spain and two from Portugal)
with teaching experience and advanced knowledge in MIS (content and usability valida-
tion) carried out such tests. Participants had no relationship with the course or its creators,
and the non-probability convenience sampling technique has been used to conduct sam-
pling of participants once the course was developed, where emails were sent to contacts
whose data are stored in databases of partners involved in the study. Four to five partic-
ipants are enough for detecting usability problems in a preliminary validation of a web
environment [19], and a questionnaire is the most usual method [20–22]. Results were not
statistically analysed looking for significant differences between Spanish and Portuguese
participants because it is not appropriate in groups of two users each. The analysis of the
data was carried out using mean values, standard deviations, and percentages with the
software SPSS 15.0 for Windows (IBM, Armonk, NY, USA).

3. Results

The two technical evaluators verified that the e-learning platform meets all techni-
cal requirements related to access management, user profile and interactions, environ-
ment maintenance, and formal and informal learning.

Averaged results from the validation of specific contents of each lesson are shown in
Tables 1 and 2, and of the global contents in Figure 5. In both cases, all issues far exceed the
validation threshold, most of them reaching almost the highest score.

Table 1. Results from the validation of specific contents of lessons 1–5 (Mean values± Standard deviation).

Question
Lesson 1 Lesson 2 Lesson 3 Lesson 4 Lesson 5

Mean ± SD Mean ± SD Mean ± SD Mean ± SD Mean ± SD

Q1 4.75 ± 0.50 4.75 ± 0.50 5.00 ± 0.00 5.00 ± 0.00 5.00 ± 0.00
Q2 5.00 ± 0.00 5.00 ± 0.00 5.00 ± 0.00 4.75 ± 0.50 4.75 ± 0.50
Q3 5.00 ± 0.00 4.75 ± 0.50 4.50 ± 0.58 5.00 ± 0.00 4.50 ± 0.58
Q4 4.75 ± 0.50 5.00 ± 0.00 5.00 ± 0.00 5.00 ± 0.00 5.00 ± 0.00
Q5 4.25 ± 0.50 4.75 ± 0.50 4.00 ± 1.41 4.75 ± 0.50 4.75 ± 0.50

Table 2. Results from the validation of specific contents of lessons 6–9 (Mean values ± Standard deviation).

Question
Lesson 6 Lesson 7 Lesson 8 Lesson 9

Mean ± SD Mean ± SD Mean ± SD Mean ± SD

Q1 4.75 ± 0.50 5.00 ± 0.00 5.00 ± 0.00 5.00 ± 0.00
Q2 4.75 ± 0.50 4.75 ± 0.50 4.50 ± 0.58 5.00 ± 0.00
Q3 4.25 ± 0.50 5.00 ± 0.00 5.00 ± 0.00 4.75 ± 0.50
Q4 5.00 ± 0.00 5.00 ± 0.00 5.00 ± 0.00 5.00 ± 0.00
Q5 4.75 ± 0.50 4.75 ± 0.50 4.75 ± 0.50 4.75 ± 0.50

Lessons most important for experts are instrumental and equipment, ergonomics,
and laparoscopy for nursing, and the least interesting are those related to diagnostic and
approach techniques. Resources most important are lessons and didactic contents, while the
least interesting are the means of communications between users (chat and forum).

Subjective usability results related to the design of the e-learning environment show a
positive answer from all experts to all questions, as shown in Figure 6.
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4. Discussion

The traditional used method for MIS training consisting of the attendance of nurses
to in-person courses requires incorporating the technological multimedia innovation ac-
cording to the growth and evolution of this emerging surgical technique. For that, the la-
paroscopic training course for nursing Lapnurse through the blended learning method has
been developed, with a face-to-face practical module and an online theoretical module.
Findings obtained in this study regarding the successful design and preliminary validation
by experts of the online module of the course suggest that Lapnurse could contribute to
meet the training needs in MIS of Spanish and Portuguese nurses. In this way, they could be
better able to work in the MIS field in their country or in another. Since the 1990s, changes in
education policy, international relations, and the labor market facilitated the migration of
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nurses to work in other European countries. The recognition of qualifications under the
OECD has facilitated such mobility of health workers [23]. In 2016, 145,487 nurses lived in
a member state other than their country of citizenship [24]. Despite this high mobility rate,
as far as we know, a standard curriculum of MIS nursing in Europe is still missing. There-
fore, a new EU framework for nurses in MIS techniques should be developed. The content
of courses such as Lapnurse should be applicable to European regulations so that such
nurses trained in MIS could increase their employability in Europe and also contribute to
the implantation of MIS at the European level.

Most studies about the validation of e-learning platforms are oriented to be performed
by end users [17,25], but only few studies have been focused on instructors’ satisfac-
tion [26,27]. The instructor’s point of view is often omitted but is also important [28],
since the instructor is one of the main players of the learning process [29]. For that, in our
work the validation tests have been performed by nurses with teaching experience in MIS.

One rather neglected issue in the validation tests is the reliability assessment of the
e-learning environment. Due to its flexibility and ease of use, Moodle has been selected as
the e-learning platform to provide the theoretical module of Lapnurse. It offers sufficient
guarantees because it has been validated in several fields [30–33]. In this sense, system qual-
ity of an e-learning environment, in terms of navigability, accessibility, and stability [34,35],
is critical for a good user experience of e-learning [36] and has a positive impact on use
and satisfaction [37]. Therefore, we have successfully performed a functionality evaluation
from a technical point of view, which takes into account the possible interaction between
user, content, and technology.

The positive validation of contents highlights that they are whole and complete,
updated, and correctly applied for educational purposes. This agrees with Back [38],
who indicates that medical e-learning environments should be designed with availability
of all relevant contents, always up-to-date, and with relevance for practical clinical work.
Participants value contents as unique and innovative, but without reaching a score as high
as the other questions. This feature should be improved in future editions of the course
because one of the key webpage factors to obtain good SERP (Search Engine Ranking
Positions) rating score from a search engine is the quality of contents, in the sense of being
original and unique [39].

Some e-learning scenarios only provide unidirectional information for online use or
downloads [38]. However, the learning outcomes and the engagement of users in their
learning process can be favorably influenced by integrating interactivity [40], thus avoiding
user dropouts in the e-learning environment. In Lapnurse, interactivity has been included
through 3D designs of the glossary, which have been valued by participants as useful and
complete, with interactive, realistic, and good quality 3D objects. The innovative 3D tools
offered by this course provide originality and suppose a novelty compared with other e-
learning scenarios. They would allow nurses to better know the instruments and equipment
they have to manage during surgical interventions, since they could interact with them
and not only see them in a simple picture or video as before in other online platforms.

Surgical videos and multimedia contents are important resources for the experts,
agreeing thus with Bloomfield and Jones [41], which promotes video clips with clinical
demonstrations as the most useful feature of e-learning due to being visual aids that can
help students develop mental representations in their learning process. However, the incor-
poration of interactive components in surgical videos would be welcome, since interactive
videos are being increasingly applied to skills-based training to overtake traditional passive
watching of video-based training material [42].

User engagement with the e-learning platform can be achieved with usability features
such as user-friendliness and ease of use [43]. Positive results from our usability validation
show that the developed e-learning environment is attractive, organized, easy to use,
and has a consistent design and layout with intuitive navigation. Despite this, ease of use
has no influence on instructor satisfaction, but perceived usefulness and services quality
on using the e-learning environment [29]. Participants have indicated that contents have
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good quality, provide added value and useful information, and are correctly applied for
educational purposes. Moreover, they consider that the e-learning platform includes useful
tools for users, such as the glossary of 3D designs, chat, and forums.

The Lapnurse course could be used as a basis for creating similar courses for training
other surgical staff involved in laparoscopic interventions, such as surgeons or anesthetists.
There are contents and sections related to laparoscopy in general that are common to any
staff, such as ergonomics, instruments and equipment (including the glossary of interactive
3D designs), and diagnostic and approach techniques. It would only be necessary to
adapt to the target staff some specific sections, such as laparoscopy for nursing. Moreover,
this course could be generalized to other surgical disciplines for which the surgical staff
need training, such as endoscopy, microsurgery, cardiovascular, etc. For that, taking into
account the successful validation of usability and functionality of the e-learning platform,
the structure and layout could be the same, and only the content of the course should be
adapted to the surgical discipline. However, nowadays mobile internet and smartphones
are increasingly popular in nursing education and practice [44], so structure and layout
of the course can change from a PC to a mobile phone. According to Back [38], medical e-
learning environments should have compatibility for all operating systems and unrestricted
mobile access via tablet or smartphone.

There is a growing trend in the use of Massive Open Online Courses (MOOCs) in tra-
ditionally taught courses through this blended method [45]. But nevertheless, according to
the definition of MOOC [46], maybe we cannot categorize our course as blended MOOC.
First, a MOOC is massive, allowing the registration of thousands of participants. However,
if we allow the registration of such a large number of participants in the online theoretical
module of the course, it would be practically unfeasible to manage the practical module
of the course, since this part is usually performed in specialized centres with capacity of
10–15 people each time. And second, a MOOC is open, in which any type of participants
could register without any kind of restriction in prerequisite terms. However, Lapnurse is
a specialization course of surgical staff, for which a minimum requirement of being a nurse
is needed.

4.1. Study Limitations

More studies are needed to provide additional evidence from students at a national
and international level performing a user-level validation, since only technicians and expert
teachers have been involved in this preliminary validation.

4.2. Comparison with Prior Work

As far as we know, there are no similar blended learning laparoscopic courses specially
addressed to nurses, so this original course with innovative 3D designs could improve
their training in MIS as members of surgical teams involved in the interventions.

5. Conclusions

Although surgery is commonly present in training programs for nursing, Portuguese
and Spanish nurses are inexperienced in MIS. Therefore, a laparoscopic training course
for nursing has been developed through the blended learning method. The e-learning
environment developed for the online theoretical module facilitates the accessibility to
high quality didactic material to nurses in a remote and asynchronous way, allowing a
greater implementation of the new MIS techniques in health systems.

Positive preliminary validation of Lapnurse could motivate developers to design
similar courses. First, this kind of e-learning platform should preliminarily be validated to
guarantee instructors’ satisfaction so that contents offered to final users can meet learning
requirements. Second, contents should be complete, updated, and relevant for clinical
practice and educational purposes, but also unique and innovative to attract users and
thus stand out from the contents of similar e-learning platforms. Additionally, interactivity
should be included in the platform, and even in surgical videos, to favor learning outcomes
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and to get users’ engagement. And, finally, reliability and quality of the system should
be assessed for a good user experience. Such e-learning environments should be easy to
use, attractive, and with intuitive navigation to favor users’ engagement, but with useful
and quality services to meet the instructors’ satisfaction. Moreover, this kind of course
should be developed for PC and mobile devices so that users can perform them anywhere,
anytime, and on any device.

Successful preliminary validation of functionality, contents, and usability suggests that
Lapnurse can solve the gap of training needs in MIS of both Spanish and Portuguese nurses.
So, they could be properly qualified to work in this field in their own country, but also in the
neighboring one. Since the obtained results were largely positive for valuing the e-learning
environment and the blended learning method, it is a good starting point for considering
in future studies the created course as a tool that could improve learning outcomes.
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Appendix A

This appendix includes the functional requirements evaluated:

• Access management requirements: user registration, login, logout, password recovery,
and password change.
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• Requirements of user profile and interactions: consultation and editing of personal
data, user search, and language selection.

• Environmental maintenance requirements: user administration, monitoring, mainte-
nance and updating of the environment, detection and notification of errors, and con-
tingency response.

• Requirements for formal learning: creation, editing, and elimination of new courses,
search for courses, request for subscription to courses, consultation of courses en-
rolled, accept/reject the subscription to a course, evaluation of skills acquired and
progress evaluation.

• Requirements for informal learning: comment or raise questions in the forum, cre-
ate new topics in the forum, and establish communication between users in the chat.

Appendix B

This appendix includes the questionnaire for content validation.
Note: This questionnaire has been translated into English for the readers of this

article. The original one that was used during the validation process was in Spanish
and Portuguese.

Questionnaire for Content Validation

Please read the different statements listed below concerning the specific content of
each lesson of the theoretical module of the course and select the answer that best indicates
the extent to which you agree with each of them, where 1 stands for “completely disagree”
and 5 for “completely agree”.

• Q1: Contents have good technical quality
• Q2: The amount of content is appropriate
• Q3: The content distribution is appropriate
• Q4: Multimedia contents (images, videos, and 3D designs) are of quality, provide added

value and useful information
• Q5: The questionnaire is adequate in terms of number of questions and difficulty

Please read the different statements listed below concerning the global content of the
theoretical module of the course and select the answer that best indicates the extent to
which you agree with each of them, where 1 stands for “completely disagree” and 5 for
“completely agree”.

• Q6: The contents are unique, that is, the different types of content are not offered by
similar e-learning environments

• Q7: The e-learning environment provides innovative content
• Q8: The e-learning environment uses professional language and appropriate content

for users
• Q9: The content is whole and complete
• Q10: The e-learning environment uses multimedia content correctly applied for edu-

cational purposes
• Q11: Contents are updated
• Q12: Contents are easily understood
• Q13: 3D designs are interactive
• Q14: 3D designs are realistic and have good quality
• Q15: Contents are realistic and relevant to professional practice
• Q16: Surgical videos have good image quality
• Q17: The e-learning environment provides adequate means (questionnaires) to assess

users’ knowledge on the learned topics
• Q18: The discussion forum of the e-learning environment is suitable and useful

for users
• Q19: The e-learning environment provides a useful chat for communication be-

tween users
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• Q20: Contents satisfactorily cover the theoretical aspects of a nursing laparoscopy course
• Q21: The glossary of 3D designs is useful and complete

Please answer the next two open questions:

• Q22: Indicate which lessons you consider more and less important
• Q23: Indicate which resources (glossary, chat, discussion forum, multimedia didactic

content, lessons, questionnaires) you consider more and less important

Appendix C

This appendix includes the questionnaire for usability validation.
Note: This questionnaire has been translated into English for the readers of this

article. The original one that was used during the validation process was in Spanish
and Portuguese.

Questionnaire for Usability Validation

Please read the different statements concerning the usability of the e-learning environ-
ment listed below and indicate whether or not you agree with each of them

• Q24: The text-background color contrast is appropriate
• Q25: The font type and size facilitates reading
• Q26: Navigation labels are clear and concise
• Q27: The e-learning environment is attractive
• Q28: Appropriate number of buttons/links
• Q29: The e-learning environment uses colors properly
• Q30: The e-learning environment is organized
• Q31: The overall design of the e-learning environment is consistent (consistency and

uniformity in style, structures and colors on all pages)
• Q32: Web pages within the e-learning environment are not long
• Q33: Navigation through the e-learning environment is intuitive
• Q34: Correct use is made of the visual space of the e-learning environment
• Q35: Information overload is avoided
• Q36: I like the graphic aspect and the general layout of the e-learning environment
• Q37: The e-learning environment is easy to use
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Abstract: With a growing trend in the popularity of web-based resources, it is important to evaluate
residency program websites for providing accurate information for dermatology residency applicants.
Little is known about the quality of dermatology residency websites in Taiwan. The aim of the study
is to assesses the quality of official websites of dermatology training programs in Taiwan. A literature
search for all related studies from inception to 31 July 2020 was performed using PubMed without
restriction on language. We used criteria that had 6 domains and 25 items to evaluate 23 official
websites of the dermatology training programs in Taiwan from August to September 2020. Of the
23 training programs, only 6 (26%) of the websites met more than half of the criteria. Notably,
the items “features of the department” and “comprehensive faculty listing” were included in all
websites. The criteria for interview process, board pass rates, social activities and information on the
surrounding area were not met by all websites. Evidently, there is much room for improvement for
the dermatology training program websites in Taiwan.

Keywords: dermatology; residency website; residency training

1. Introduction
1.1. Health Information on the Internet

In modern society, the Internet has gradually become more and more important for
humans. According to statistics from the International Telecommunication Union, the
percentage of Internet users worldwide increased from 16% in 2005 to 53.6% in 2019 [1].
In Taiwan in 2019, 92.78% of people used the Internet. It has become a convenient and
generalized tool for acquiring information in Taiwan. A previous study reported that
80% of Internet users use the Internet to acquire healthcare information [2], and medical
staff search it for information they need. Online resources for medical knowledge have
become available to medical students and patients through computers and smart phones [3].
For physicians, clinicians and students, online resources represent an extensive source of
continuing education in different specializations [4–6]. Patients can find several educational
materials on the Internet, especially professional websites. In fact, a previous study showed
that online patient education materials from the websites of major dermatology associations,
such as the American Academy of Dermatology, was written well and appropriate for the
general population [7]. Indeed, Internet has become a rather significant tool for physicians,
medical students and patients.

1.2. Taiwanese Residency Training Programs: Dermatology

Since 2019, in Taiwan, medical students have been required to obtain a medical
license after graduation and to finish postgraduate year training (PGY) within 2 years if
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they decide to receive advanced residency training [8]. Thereafter, they need to choose
a specialization and complete residency training; for this purpose, they apply to several
programs all over Taiwan, but many young doctors in the PGY-2 level are unfamiliar
with the processes. Of all 23 specializations, dermatology is one of the most popular in
Taiwan. The training period for dermatology residency is 4 years. Due to the advance of
aesthetic medicine and the national health insurance system, there is tough competition to
be accepted into a dermatology training program. Approximately 1400 medical students
are able to obtain their medical license every year, but only about 28 positions per year are
available for dermatology residency training. Even though this capacity can be adjusted
by an agreement between the Taiwanese Dermatological Association and the Ministry of
Health and Welfare, it is still much less than other specializations [9].

In the past, information on the training programs was difficult to obtain. Applicants
often have to ask their senior residents or teachers for information or search the public
information on the program websites. Applicants are less competitive without knowing
people in dermatology departments. With widespread use, the Internet has become a
common source of information for medical students applying for residency. Previous
studies have indicated that the website content influenced an applicant’s decision-making,
especially for those who had never been engaged in the department [10]. Prospective
applicants rely heavily on the websites of residency training programs to obtain significant
information regarding the application process, as well as the unique aspects of the different
programs [11]. Therefore, the importance of maintaining an informative and accessible
website continues to grow. Many studies abroad have evaluated the website content of
different specialties, including dermatology [12–18]. However, there had been no research
that studied the contents of websites on residency training programs in Taiwan. In this
study, standardized criteria were used to evaluate the websites of dermatology training
programs in Taiwan. It is expected to provide dermatology programs information about
how to enrich the content and display the strengths of their program to applicants. By
enhancing their websites, the training programs also can attract more excellent applicants.

2. Materials and Methods
2.1. Establishing the Criteria

We searched for previous research that evaluated the websites of different residency
or fellowship programs through the online literature database PubMed, using the key-
words “Internet standards,” “internship and residency,” “fellowship and scholarship,” and
“information dissemination” from April to May 2020. We found 6 studies that performed
questionnaire surveys to understand what content is important for applicants. After reeval-
uation, we developed a set of evaluation criteria with 25 content items categorized into
6 domains: recruitment information, department information, education and research, clin-
ical work, incentives and frequently asked questions and answers (Table 1) [10,11,19–23].
The process of establishing the criteria is shown in Figure 1. The evaluation criteria were
published previously in the Taiwan Journal of Family Medicine [23]. This is the first study to
use these criteria to evaluate residency program websites in Taiwan.

2.2. Internet Search for Taiwanese Dermatology Training Program Websites

Thereafter, using the keywords “dermatology” and “training capacity,” we performed
Google search for the online official website of the Taiwanese Dermatological Association
to check for the list of qualified dermatology training hospitals. We linked our search to
the website of the Taiwan Ministry of Health and Welfare to review the publication list of
qualified dermatology training hospitals and the training capacity after revision in July
2020 [9]. The number of items that met the criteria was calculated for each website. We
conducted the evaluations twice with different reviewers. The first review was conducted
by the first author around August 2020. A second review was conducted by the second
author around September 2020, blinded to the results of the first review. Since this study
did not involve human subjects, it did not need institutional review board approval.
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Table 1. Criteria for evaluating the websites of residency and fellowship programs.

Domains (6) Items (25)

Recruitment information
Recruitment criteria
Interview process *
Contact information

Department information

History of the department
Features of the department

Comprehensive faculty listing
Message from the chairman/program director

List of current residents/fellows
Board pass rates

Alumni information and outcomes
Description of environment and equipment

Social activities
Information on the surrounding area †
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Table 1. Cont.

Domains (6) Items (25)

Education and research

Program goals
Research activities and accomplishments

Educational resources available to residents
Conference schedule

Elective opportunities

Clinical work

Work hours
Rotation schedule

Expected case load §

On-call expectation

Incentive
Salary

Ancillary benefit ||

Frequently asked questions
and answers Frequently asked questions and answers

* How to proceed with the recruitment (e.g., written tests, face to face interview, etc.). † The location of the
department/hospital. § The number of inpatient cases or weekly outpatient cases per resident. || Independent
office, independent rest room when on-call, etc.

3. Results
Website Evaluation

Overall, 23 dermatology residency training programs were approved by the Taiwan
Ministry of Health and Welfare, and their official websites were evaluated in this study.
The name of the training programs/departments and their website links are listed in Sup-
plement Table S1. Based on the common administrative regional classification in Taiwan,
the distribution of the training programs among the 23 hospitals was as follows: 56.6%
(13 programs) in the northern area, 17.4% (4 programs) in the central area, 21.7% (5 pro-
grams) in the southern area and 4.3% (1 program) in the eastern area. Of the 23 hospitals,
39.1% (9 programs) were public and 60.9% (14 programs) were private.

In comparison with the results of 2 surveys, there was no difference. The final results
are listed in Table 2. The websites met a mean and median of 13 of 25 items (52%) of the
criteria, with a maximum of 18 items (72%) and a minimum of 4 items (16%). Over half
of the criteria were met by 26% (6 of 23 programs) of the dermatology departments, of
which 3 were at public hospitals and 3 were at private hospitals. However, the dermatology
websites of Cathay General Hospital, Taipei City Hospital, Renai Branch and Heping Fuyou
Branch met only four items (16%) of the criteria.

The distribution of the items on the websites is listed in Table 3 and Figure 2. Most
of the websites (over 85%, 20 of 23 programs) contained information on the following
4 items: features of the department (100%, 23 programs); comprehensive faculty listing
(100%, 23 programs); description of the environment and equipment (91.3%, 21 programs);
and history of the department (87%, 20 programs). Notably, the items on interview process,
board pass rates, social activities and information on the surrounding area were not posted
on any dermatology website.

We further analyzed and compared the proportion of public and private programs/
departments that contained each item in our criteria. Public and private programs had the
tendency to show similar information on most items (p > 0.05) in the 6 domains. These
results are listed in detail in Table 3.
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Table 2. Conditions of training program websites.

Name of Hospital Public/Private Criteria Matched (Percentage, %)

Northern Area (13) *

Keelung Chang Gung Memorial Hospital and Lovers
Lake Branch Private 5 (20%)

Taipei Veterans General Hospital Public 16 (64%)
National Taiwan University Hospital Public 10 (40%)

Tri-service General Hospital Public 18 (72%)
Mackay Memorial Hospital Private 13 (52%)

Taipei Municipal Wangfang Hospital † Public 8 (32%)
Taipei Medical University Hospital Private 8 (32%)

Shin Kong Wu Ho Su Memorial Hospital Private 12 (48%)
Cathay General Hospital Private 4 (16%)

Taipei City Hospital, Renai Branch and Heping Fuyou Branch Public 4 (16%)
Taipei and Linkou Chang Gung Memorial Hospital Private 12 (48%)

Far Eastern Memorial Hospital Private 13 (52%)
Shuang Ho Hospital, Ministry of Health and Welfare † Public 5 (20%)

Central Area (4) *

Taichung Veterans General Hospital Public 12 (48%)
China Medical University Hospital Private 5 (20%)

Chung Shan Medical University Hospital Private 6 (24%)
Changhua Christian Hospital Private 5 (20%)

Southern Area (5) *

National Cheng Kung University Hospital Public 16 (64%)
Chi Mei Medical Center Private 16 (64%)

Kaohsiung Medical University Chung-Ho Memorial Hospital Private 7 (28%)
Kaohsiung Veterans General Hospital Public 10 (40%)

Kaohsiung Chang Gung Memorial Hospital Private 8 (32%)

Eastern Area (1) *

Hualien Tzu Chi Hospital Private 6 (24%)

* The hospitals were divided into four areas (i.e., northern, central, southern and eastern), according to location, Council for Economic
Planning and Development, Executive Yuan. † The Taipei Municipal Wangfang Hospital; Shuang Ho Hospital, Ministry of Health and
Welfare were regarded as public hospitals even if these were managed by the Taipei Medical University.

Table 3. Percentage of dermatology residency websites that contain publicly accessible information on the 25 list items.

Criteria Total (n = 23) (%) Public (n = 9) (%) Private (n = 14) (%) p Value

Recruitment information 0.31

Recruitment criteria 1 (4.3%) 0 (0) 1 (7.1%)
Interview process 0 (0) 0 (0) 0 (0)

Contact information 18 (78.3%) 8 (88.9%) 10 (71.4%)

Department information 0.42

History of the department 20 (87.0%) 7 (77.8%) 13 (92.9%)
Features of the department 23 (100%) 9 (100%) 14 (100%)

Comprehensive faculty listing 23 (100%) 9 (100%) 14 (100%)
Message from the chairman/program director 1 (4.3%) 0 (0) 1 (7.1%)

List of current residents/fellows 13 (56.5%) 7 (77.8%) 6 (42.9%)
Board pass rates 0 (0) 0 (0) 0 (0)

Alumni information and outcomes 5 (21.7%) 3 (33.3%) 2 (14.3%)
Description of environment and equipment 21 (91.3%) 8 (88.9%) 13 (92.9%)

Social activities 0 (0) 0 (0) 0 (0)
Information on the surrounding area 0 (0) 0 (0) 0 (0)
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Table 3. Cont.

Criteria Total (n = 23) (%) Public (n = 9) (%) Private (n = 14) (%) p Value

Education and research 0.48

Program goals 13 (56.5%) 6 (66.7%) 7 (50.0%)
Research activities and accomplishments 13 (56.5%) 6 (66.7%) 7 (50.0%)

Educational resources available to residents 18 (78.3%) 8 (88.9%) 10 (71.4%)
Conference schedule 13 (56.5%) 7 (77.8%) 6 (42.9%)

Elective opportunities 9 (39.1%) 4 (44.4%) 5 (35.7%)

Clinical work 0.27

Work hours 4 (17.4%) 3 (33.3%) 1 (7.1%)
Rotation schedule 9 (39.1%) 4 (44.4%) 5 (35.7%)
Expected case load 4 (17.4%) 3 (33.3%) 1 (7.1%)
On-call expectation 4 (17.4%) 3 (33.3%) 1 (7.1%)

Incentive 0.70

Salary 1 (4.3%) 0 (0) 1 (7.1%)
Ancillary benefit 4 (17.4%) 2 (22.2%) 2 (14.3%)

Frequently asked questions and answers 0.42

Frequently asked questions and answers 2 (8.7%) 2 (22.2%) 0 (0)Healthcare 2021, 9, x  7 of 9 
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4. Discussion
4.1. Analysis of Website Contents

Previous related studies, most of which were from the United States of America (USA)
and Canada, have been conducted to evaluate the websites of residency and fellowship
specializations [14–20]. To our best knowledge, this study was the first to evaluate the
content of dermatology residency program websites in Taiwan. Our study found highly
variable content and quality among these websites. Most programs need improvements in
the functioning of their webpages.

Among the criteria items, the most common information addressed were “features
of the department” and “comprehensive faculty listing.” Through this, people can learn
more about the development of the department and choose which doctor they prefer.
Applicants can also learn of senior role models for their medical careers. Over half of the
websites included “list of current residents/fellows,” but only 21.7% mentioned “alumni
information and outcomes.” This information could show close relationships between the
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department and its staff, but it was not valued by most programs. The items of “program
goals,” “research activities and accomplishments” and “educational resources available
to residents” were included in more than half of websites. Information on the research
achievements and education resources allow applicants to compare different activities and
resources. Patients and the general public can also improve their medical knowledge.

Among the least common and poorly represented information were program-related
specifics, such as “recruitment criteria,” “message from the chairman/program director,”
“salary,” “interview process,” “board pass rates,” “social activities,” and “information on
the surrounding area.” In most websites, announcements on the “recruitment criteria” and
“interview process” appeared only during the period of application; at other times, we
could not find the relevant information. Simple statements on recruitment would encourage
more excellent applicants to apply and provide them with an understanding of the process.
Notably, “message from the chairman/program director” was often neglected among the
websites evaluated in this study but had been more frequent in foreign websites [13,18].

Salary is an item that most people and organizations do not disclose to the public in
Taiwan. Most applicants might presume that the directors would think that these issues
are not directly related with clinical training: “if you ask about these, it means you are only
interested in the money and benefits, and do not have a passion for the medical training.”
This observation had been reported in the USA and Taiwan [16].

Information about clinical work for residents was less clear on the internet. Infor-
mation on “work hours,” “expected caseload,” and “on-call expectation” was provided
in fewer than 10% of websites. Recently, the case loading and work hours of residency
have been hot topics due to cases of death from overwork. Since residency doctors were
included in the regulations of the 2019 Taiwanese Labor Standards Act, programs have
been required to follow the Guideline of Residents Labor Rights Protection and Working
Hours. Disclosure of this information is important for applicants [24].

4.2. Comparison with Research from the USA

Prior research includes one 2016 study about dermatology residency program websites
in the USA [15]. We compared this with our study to understand the differences and found
the following similarities and differences. Similarities with the USA study: program contact
information, 83.5%; program description, 95.7%; research opportunities, 86.1%; current
resident listing and 64.3%; current faculty listing, 89.6%. Our results were also all >50%.
Other percentages >50% in the USA study were rotations and electives, 87.8%; applicant
information, 88.7%; interview process, 64.3% (all >50%). In our study, these items were
<40%. Most dermatology residency websites in the USA and Taiwan included content that
described programs and listed faculty, residents and research accomplishments. However,
Taiwanese websites rarely had information about recruitment, interviews and rotation. The
disparity suggested much room for improvement in the website content in Taiwan.

4.3. Limitations

There were several limitations in our study. First, the criteria were according to foreign
studies and may not be applicable to programs in Taiwan. In addition, the reliability
and validity need to be verified further in the future. Second, our results represented a
single snapshot in time. Owing to differences in navigability among the websites based on
individual subjectivity, some information may have been overlooked during data collection.
However, the likelihood that the differences in collection would change the nature of the
presented data was low, even is this study was primarily descriptive in nature. Finally, our
study focused only on the content of the websites and did not assess website design and
quality. Each website has a unique design; therefore, quality can be difficult to compare.
This aspect may be further analyzed in future.
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5. Conclusions

Most of the dermatology websites from Taiwan did not contain sufficient information,
especially recruitment, board pass rate, alumni, social activities, surrounding area, clinical work,
salary, ancillary benefits and frequently asked questions and answers were especially neglected.
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Abstract: With the COVID-19 crisis and rapid increase in cases, the need for interprofessional educa-
tion (IPE) and collaborative practice is more important than ever. Instructors and health professionals
are exploring innovative methods to deliver IPE programs in online education This paper presents a
mixed methods study where an interprofessional education program was delivered/taught using
online instruction. Using a survey/questionnaire adapted from the Readiness for Interprofessional
Learning Scale (RIPLS) and qualitative discussions, students’ readiness towards online IPE program
and the importance of such preparation was examined. Out of two hundred fifteen students who
completed the IPE program, one hundred eighty five students from clinical and non-clinical health
disciplines responded to the questionnaire (86.04% response rate). Additional qualitative content
analysis was conducted on a total of seven hundred and thirty six online discussions. Data analysis
across all the four subscales of RIPLS suggests that students felt positively about teamwork and
collaboration, and valued opportunities for shared learning with other healthcare students. Quali-
tative data analysis demonstrated that IPE increases awareness of team members’ roles, enhances
communication and collaboration and can lead to better care for COVID-19 patients.

Keywords: interprofessional education (IPE); COVID-19; pandemic; nursing; healthcare; health care;
online education; communication; collaboration; mixed methods study

1. Introduction

Interprofessional Education (IPE) is defined as “occasions when two or more pro-
fessions learn with, from and about each other to improve collaboration and the quality
of care” [1]. Errors in processes, failure to work as part of a team and lack of a coordi-
nated effort result in medical complications or even patient deaths in healthcare settings.
These events not only lead to patient safety issues, but also result in increased costs to the
healthcare system [2]. Understanding team members’ roles in patient care processes and
a team-based approach that involves collaboration among the different units and depart-
ments of an organization can be used to make the system safer for consumers of healthcare
services [3]. Interprofessional education and the ability to work in collaboration with other
health professionals can lead to reductions in difficulties faced by health organizations
in different countries [4]. Teamwork, collaboration, and involvement of employees from
different disciplines (who may have been operating in silos) promotes interaction among
colleagues, which, in turn, could lead to a fresh look at existing issues/problems and
identification of potential solutions to those problems [3,5].

With the global health crisis and rapid increase in COVID cases, there is an increased
need for interprofessional education and collaborative programs. As interprofessional
practice continues to evolve, instructors and health professionals are exploring innova-
tive methods to deliver IPE programs in online medium of practice. While using online
platform/medium for interprofessional learning is a laudable goal for academic institu-
tions [6], there is extremely limited evidence on online IPE programs where clinical and
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non-clinical health students learn together in a team-based setting. This preparation will
help students in undergraduate programs who wish to serve in clinical and/or non-clinical
environments in healthcare settings. While clinical disciplines include nursing, athletic
training, and other field of study, non-clinical disciplines include (but are not limited
to) programs such as health administration, gerontology, social work, and public health.
Inclusion of IPE programs during the first year of education will allow students to learn
from each other and appreciate what team members can accomplish as a team in a complex
healthcare environment.

Background

As problems posed by the COVID-19 pandemic continue to grow, it is imperative that
clinical providers work in close coordination with professionals from different disciplines,
departments and sectors of healthcare. Evidence suggests that patients and families
experience fragmented care, especially when health professionals are unable to work as one
team within healthcare settings. The consequences of failing to work effectively in a team-
based setting results in increased costs, inefficiency, lower quality of care and decreased
patient satisfaction. Further, failure to work as part of a team and lack of a coordinated
effort may result in medical complications or even patient deaths in healthcare settings [7].
Wakely et al. (2013) conducted a study where students from several health disciplines
participated in a program that incorporated interprofessional learning modules [8]. It
was found that learning about various health disciplines led to improvement in student
attitudes (indicated by scores on readiness for interprofessional learning scale). Sani
et al. (2011) assessed changes in students’ attitudes after they completed interprofessional
learning module. This study reported noteworthy improvements in scores on collaboration
and team work [9].

A case study conducted by Evans et al. (2012) examined the effect of inclusion of
interprofessional learning modules on students who were studying dentistry and dental
technology at the Griffith University. Closer analysis of results suggested that inclusion of
interprofessional practices led to positive professional identity and better communication
between students [10]. In a quantitative study (Evans et al., 2013), perceptions regarding
roles, responsibilities, communication, and team work were compared across two student
groups enrolled in dental technology programs. While one group was exposed to a
program with content in interprofessional education, other group was a part of traditional
program. Results indicated that exposure to interprofessional learning led to changes in
attitudes and resulted in improved collaboration among students [11]. Research suggests
that interprofessional education and knowledge-sharing among the different disciplines
can lead to highly-coordinated, effective patient care in health care settings [12]. This,
in turn, can lead to better patient outcomes, increased satisfaction for the provider, and
better usage of existing resources. While there are several studies that show importance of
interprofessional education programs, it is important to note that health care disciplines
still operate in silos and there is a very little opportunity for students in different disciplines
to learn together [13].

Research on IPE has focused on clinical programs and traditional on-campus/university
based programs. Given that the COVID-19 crisis will continue, academic institutions need
to explore new methods to offer IPE and prepare a next generation of leaders who are not
afraid to utilize methods that could transform healthcare delivery. There is a scarcity of
literature that examines how interprofessional education can be delivered using online
medium of instruction [6]. With growth in online education, especially in the field of
healthcare, it is important to explore opportunities where professionals from different
disciplines can learn together. Using a mixed methods approach, this study aimed to
examine students’ readiness and attitudes towards online interprofessional education and
importance of such preparation during COVID-19, a public health crisis that has resulted
in more than 70 million cases and approximately 1.6 million deaths worldwide.
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2. Materials and Methods
2.1. Participants and Study Design

A total of 215 students, enrolled in an undergraduate healthcare program focused
on interprofessional education and learning, were invited to participate in the study. It is
important to focus on undergraduate healthcare students because education/training of
the majority of these students takes place in silos with a very little chance to collaborate
with professionals from different disciplines. An email describing the purpose of the study
was sent to all the students. In order to assess impact of IPE training, a pre and post-test
methodology was used. All the students were required to complete a survey/questionnaire
adapted from Readiness for Interprofessional Learning Scale (RIPLS) prior to beginning
of the IPE curriculum and once they finished the IPE curriculum. Qualitative content
analysis was completed to analyze students’ responses recorded during IPE program. This
provided direct insights into students’ thoughts about collaboration and team-work as they
worked in interprofessional teams. The study commenced once approval to conduct the
study was obtained from the Institutional Review Board at the university.

2.2. Description of IPE Program

The entire IPE educational program was divided into five online modules. These
modules were based on the core competencies outlined by Interprofessional Collaborative
Practice [14]. The first module focused on introduction of participants and discussion of
key concepts in the field of IPE. Student introductions were recorded and used later to
form interprofessional teams needed to work on case studies.

In the second module, quality and safety concepts were discussed such as problems
related to COVID-19 pandemic, medical complications, and shortage of medical staff.
Instructor engaged students in conversations/topics focused on the importance of IPE and
need for interprofessional team work required to treat serious COVID patients who suffer
from complex medical conditions or conditions that require health care professionals from
different disciples to work together.

The third module focused on roles and responsibilities of team members in clinical
and administrative processes in healthcare settings. More specifically, content included
readings and videos on trainings of providers, importance of engaging family and care
givers in the plan of care, and scope of knowledge and abilities of team members as they
work on providing safe, high quality and efficient care to patients.

The fourth module focused on the importance of communication between providers
during the patient care processes especially in COVID-19 cases. The learning material al-
lowed students to think critically about problems due to faulty communication, fragmented
systems of care and adverse events that may lead to patient/resident deaths in facilities.
Further, content on utilization of standardized format for communication, importance of
respectful communication to patient, providers and families and several communication
strategies were included.

The readings and material in the fifth module focused on the importance of team work
between providers as they provide care to critical patients in healthcare facilities. Content
related to the process of team development, ethical guidelines, shared decision making,
problem solving and leadership practices was covered.

2.3. Interprofessional Case Studies and Assignments

The entire program included four quizzes, three discussion questions, and two case
studies. While quizzes focused on basic understanding of the content, discussion questions
and case studies required students to demonstrate in-depth understanding of the material.
Case study and discussions focused on scenarios where providers from different disciplines
worked as a team when severe cases of COVID-19 were admitted to healthcare facility,
roles of providers, team-work, and collaboration. Students completed these cases and
discussions via zoom meetings. Students also submitted written response to discussion
question via online learning management system. Practitioners from different health
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disciplines, both clinical and non-clinical, were invited, electronically, to meet with students
and present their point of view while dealing with COVID-19 cases.

2.4. Quantitative Study Instrument

The Readiness for Interprofessional Learning Scale (RIPLS) was used to collect data
for this study. The RIPLS has gained wide acceptance amongst researchers who focus
on interprofessional education and learning in healthcare. This scale consists of 19 items,
divided into four different subscales. These subscales are as follows: (a) team work and
collaboration (items 1–9), (b) negative professional identity (10–12), (c) positive professional
identity (13–16), and (d) roles and responsibilities [15–17]. Researchers have demonstrated
statistical validity of the research instrument [18]. Demographic items were added to the
scale to collect information about the students.

2.5. Quantitative Data Analysis

The data analysis program, IBM SPSS 23.0 was utilized for storing data and analysis.
Descriptive statistics were used to examine demographic information. For all the RIPLS
subscale, items were summed and scores were calculated. T-tests (independent) were
conducted to compare pre-test and post test scores.

3. Results
3.1. Results of Survey

A total of 185 students responded to the RIPLS (86.04% response rate). Approximately
73% of the participants were females. The median age of the participants was 21 years
(IQR = 15) and ranged from 23 to 67 years. The median amount of time spent in their
academic program was 10 months and ranged between 1 and 28 months. The participants
were mainly white and non-Hispanic or Latino. The majority of the participants worked
in healthcare organizations and were from health administration and nursing program
(see Table 1).

Table 1. Characteristic of Sample (N = 185).

Subscale Scores Mdn. IQR f (n) %

Age (Years) 21 15
Time in education program (Months) 10 12
Sex

Male 50 27
Female 135 73

Race
White/Caucasian 142 76
Black/African American 26 14
Asian 6 3
Native Hawaiian or Pacific Islander 0 0
American Indian or Native America 3 1.6
Other 8 4.3

Ethnicity
Hispanic or Latino 16 8.64
Non-Hispanic or Latino 169 91.35

Education Program
Health Services Administration (HSAD) 108 58
Nursing 20 10.8
Social Work 17 9.1
Health & Medical Sciences 12 6.48
Psychology 14 7.56
Athletic Training 5 2.7
Gerontology 9 4.8

Work place
Health care 125 67.56
Education 18 9.7
Other 42 22.7
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3.2. Comparison of RIPLS Scores

Results of the RIPLS scores demonstrated that there was no significant difference
between disciplines/fields of study. More specifically, scores on pre-test (Mean = 69.25 ±
10.06) were not very different from scores on post-test (Mean = 72.12 ± 9.01) across different
disciplines’. The RIPLS pre-test score ranged between 67.42 ± 9.32 and 71.54 ± 7.28 with
psychology scoring the lowest among the disciplines and athletic training scoring the
highest. RIPLS pre-test score for Health Administration was lower than athletic training
and health and medical science students. The pre-test score of social work students was
lower than health administration students.

The RIPLS post test scores ranged between 68.42 ± 9.34 and 71.94 ± 8.62. There were
improvements in groups of students who were from health administration, psychology,
and nursing programs. Further, students in gerontology, health and medical sciences and
social work demonstrated increase in their post-test scores (see Table 2).

Table 2. Comparison of Scores.

Education Program Pre-Test Scores
(Mean ± SD)

Post-Test Scores
(Mean ± SD) p Value

Health Administration 69.25 ± 8.42 70.24 ± 9.64 0.73
Nursing 67.42 ± 9.32 70.68 ± 9.21 0.68

Social Work
Health and Medical Sciences

68.21 ± 8.63
70.21 ± 8.34

68.42 ± 9.34
70.12 ± 8.68

0.83
0.50

Psychology 66.54 ± 9.45 69.32 ± 9.67 0.64
Athletic Training

Gerontology
71.54 ±7.28
69.41 ± 9.48

71.94 ± 8.62
70.42 ± 8.54

0.76
0.89

3.3. Online Discussions and Qualitative Data Analysis

Online open-ended discussion questions were included as one of the data sources for
the study. These open-ended questions allowed students to express their own thoughts.
Response time and the amount of text was not restricted and these questions enabled
students to explain themselves freely [19] and describe how they felt about teamwork,
communication, and shared learning especially during the public health crisis. This can
be extremely hard to achieve when questionnaires or surveys are used. Researchers made
every effort to reduce bias and did not influence participants’ responses. The students
were asked to describe (1) how interprofessional education and team work can be used to
enhance patient safety and care for patients suffering with COVID-19, (2) their perceptions
regarding how members of interprofessional teams strive to work on clinically complex
cases and (3) the importance of awareness of team members’ roles and communication
between members while caring for COVID-19 cases.

An inductive approach using content analysis was utilized to conduct the analysis
of participants’ discussion posts. A total of seven hundred and thirty six posts were ana-
lyzed. Content analysis allows researchers to examine participants’ responses by carefully
coding and finding themes in the collected data. It is noteworthy that content analysis
has been widely utilized on written texts irrespective of the data collection approach. The
principal investigator of the study hired two research assistants to perform data anal-
ysis of the study. Both the assistants were trained in research methods and had prior
experience in working on qualitative research projects. Upon completion of open coding,
researchers independently created codes, subcategories, generic categories, and main cate-
gories. Once individual data analysis was completed, the team met to discuss data analysis
and reach to final consensus on categories and results [19,20]. The summary of findings are
reported here.

3.4. Result of Qualitative Content Analysis

The final analysis resulted in generation of 38 codes, 15 sub categories, six generic
categories and three main categories. The main categories were (1) IPE increases awareness
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of team members’ roles and enhances collaboration (2) Increased communication and
cohesion among members of teams is critical during the pandemic (3) IPE can lead to better
care for COVID-19 patients (See Table 3)

Table 3. Categories.

Category 1 Category 2 Category 3

Awareness of roles and collaboration Communication and cohesion Better care for patients

3.4.1. IPE Increases Awareness of Team Members’ Roles and Enhances Collaboration

Interprofessional education and experience as part of a diverse healthcare team allows
team members to learn about roles and responsibilities of different practitioners. This
allows team members to break past professional barriers and build more collaborative
infrastructure.

One of the students noted:

“Increased communication and training on how to collaborate with other departments/specialties,
outside facilities, and better communication between provider and patients would be the
most significant methods and approaches to increased patient safety and satisfaction.”

Using complex COVID cases as example, another student noted, “IPE leads to better
communication between different departments in a facility, its affiliated clinics, and be-
tween providers and patients. It also makes it easier to forward information to outside
facilities or other hospital companies (with appropriate patient authorization). This allows
for more of a “whole person” treatment plan vs. segmented treatment plans from each
department. Everyone can see what has been done, is currently being done, and what
hasn’t been tried yet.”

Furthermore, another participant indicated:

“One unique feature of the interprofessional education is that the professionals working
together are expected to not only be an expert in their own field, but to understand
the basics of the disciplines they work with. By understanding the basics of disciplines
beyond their own, they can better understand a patient’s condition, and this contributes
information to paint a better picture of how to help a patient, leading to better results and
better quality.”

Participants indicated that knowing both one’s role and place amidst the team is
an important attribute, as well. By understanding their responsibilities to the team, a
professional can fulfill their role effectively and take responsibility for their actions. The
shared identity of a team is another key component for success. Being able to trust and
work with one another is essential for providing patient care in an efficient manner.

Another student clearly stated “the balance between the two is perhaps the most
important; knowing when one’s role overlaps another, and what matters they should or
should not get involved with. Further, making sure the information they are relaying to
the team is relevant and will assist other professionals in their jobs.”

Adding to this claim, a student who works as nurse mentioned “in midst of pandemic,
I have seen that team members are so rushed and may not demonstrate knowledge of
how team works as a cohesive unit. Although each discipline is knowledgeable about
their individual role, they are not knowledgeable of other roles and there is a lack of
coordination and collaboration. This gap could lead to a delay in the length of stay, errors
in communication, and even in safety for the patient.”

As students completed the IPE program, they clearly indicated that when there is an
interprofessional team approach, each discipline works in parallel to the other and crosses
over with collaboration and coordination to meet the needs of the patient. This might look
like bedside huddles, situational awareness of the whole person and environment, and a
well-coordinated series of tasks that feel very safe and flowing to the patient. The patient
and caregivers will feel confident in the care of the team and this will increase satisfaction.
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3.4.2. Increased Communication and Cohesion among Members of Teams Is Critical
during the Pandemic

Students described that IPE leads to an increase in communication and cohesion
among team members. This results in improved care for patients and families dealing with
COVID-19 crisis.

For example, a student who worked as a nursing home administrator indicated that
“communication between healthcare teams is super important when it comes to safety and
collaboration. In health care the goal is to care for patients which includes keeping them
safe. With interprofessional education/practice we can increase the safety of the patients
by all of the nurses, doctors, surgeons, etc. involved with them updating each other on the
patient. Some patients have a long journey of medical problems when they are admitted to
the facility and having all the care providers working together will ensure them that they
know what they are doing.”

Another student reemphasized how a patient suffering with a COVID -19 problem
will need to interact with doctors, nurses, long term care workers, pharmacists, physical
therapists, and a whole host of other team members throughout the process. The student
further added “if this team of care providers have effective communication and collaboration
between them the patient will receive better, more effective quality care. Training health care
professionals with different backgrounds and areas of focus to work together and collaborate is where
interprofessional learning and education can play a major role. Interprofessional education is when
students from different care professions learn from and with each other to improve patient care.”

Students used various examples to explain their points. One example that is worth
noting is the infection control nurse’s role which includes the responsibility for poli-
cies/procedures that keep staff, visitors, and patients safe. This student added “one staff
member cannot do it all. These committees arise to complete a task or tasks that one individual could
not do on their own. An example of working together is implementation of a policy for patient safety
during the current pandemic. Upon arrival to the clinic, masks are passed out to patients who are
symptomatic, and they are brought back to be treated quickly to help stop the spread of the virus.
Team members have to develop a process through collaboration. They then have to implement it
to other staff members through education. Not one person alone can develop a policy that doesn’t
affect others around them; interprofessional communication/teamwork is necessary in any healthcare
setting.”

3.4.3. IPE Can Lead to Better Care for COVID-19 Patients

Students recognized the effect of the COVID-19 crisis on healthcare system including
personal lives of patients, care providers, and professionals who work in public health
and data collection. Students called for collaboration and better training to improve the
response to emergency situations such as the current pandemic. To avoid adverse events
which could lead to deaths, students felt the need for IPE programs where professionals
from multiple disciplines can collaborate and work as a part of team.

For instance, a public health nurse indicated:

“Interprofessional education can help in dealing with challenges related to the pandemic
especially when researchers and data analysts work with providers of clinical services.
This would allow us to better plan, prioritize who needs urgent care, coordinate care,
identify and deal with gaps and avoid duplication of services. We can use data to identify
population with chronic diseases and others who are more vulnerable to the problem”

Students mentioned how IPE can help in building trust and establishing clear lines
of communication between members of the patient care team and families. Supporting
this claim, a student in Social Work mentioned “IPE can help in providing foundation for
our response. Important relationships between acute care providers, public health professionals,
data collection people, and skilled nursing facilities needs to be built. We should make efforts to
understand the needs of the community and then focus our attention on the section of community
that needs urgent attention.”
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Students expressed themselves freely and used personal examples to demonstrate that
they have seen applications of IPE when their relatives were admitted to the hospital. For
example, one of the students indicated that “interprofessional team not only provided assistance
to the patient but they worked collaboratively together to come up with a care plan which best fit
our needs. They would meet regularly to compare notes and come up with a schedule of care that
would benefit the patient. They were so clear about what they were doing and acted quickly when
our patient was admitted.”

Corroborating previous statements and participants response, another student who
works in a frontline position at an acute care hospital mentioned that “you’d much rather
have a team of professionals working together than to just have one doctor try to do all the work
and fail. A patient is more likely to feel assured when they see a group of health care professionals
collaborating to find a solution. That patient will be satisfied and content with the care they are
receiving due to the collaboration.”

4. Discussion

Interprofessional collaboration and communication in healthcare has been shown
to improve patient outcomes [21]. It is expected that including experience and practice
in interprofessional practice during the professionals’ education leads to more success-
ful interprofessional collaboration in practice. This interprofessional education lays the
groundwork for effective practice.

Research has shown that the setting for learning is critical [21]. Ideally, these educa-
tional experiences happen in a face to face, live simulation experience with a mixture of
professional practice students, guided by expert educators/practitioners. Research has
shown that students’ learning improves as carefully developed interdisciplinary simula-
tions mimic reality closely [22]. However, in the current state of COVID-19 restrictions, live
experiences in simulation or a clinical setting may not be easy to perform. At the same time,
interprofessional collaboration has never been more important. An alternative educational
format becomes necessary to accomplish the outcome of practice professionals entering the
clinical arena with interprofessional communication and collaboration skills.

Online education provides access to programs for many working professionals, es-
pecially those distant from the educational setting or unable to attend ‘class’ due to work
schedules or other constraints. Indeed, much of higher and professional education has
moved to online settings, even prior to the advent of COVID. With the arrival of the
pandemic, a great majority of coursework and clinical experiences pivoted rapidly into an
online delivery methodology. Usage of e-learning tools has not been consistent across differ-
ent health profession programs and countries [23]. Recent studies suggested that inclusion
of mobile applications and virtual hospitals were well received by students [23–25]. It has
also been suggested that if used correctly, e-learning can enhance teaching and learning
methods in clinical programs [23]. The questions then become whether IPE can be done in
an online setting, and whether it is effective in practitioner development.

This study provides important insight into the opportunities that online asynchronous
education offers for healthcare students’ understanding of their interprofessional roles.
Both quantitative and qualitative methodologies were utilized. Use of a mixed-methods
approach may address the ‘what’ and ‘how’ of an IPE intervention and its outcomes [21].

This online IPE program focused on four areas: key concepts in the field of IPE,
quality and safety, roles and responsibilities of the various providers, and the importance
of communication and teamwork. Several different health-related majors were represented
by the enrolled students, which is consistent with professional practice. A variety of
educational tools including quizzes, discussion questions, and case studies, are reflected in
this mixed methods study.

The quantitative Readiness for Interprofessional Learning Scale (RIPLS) found that stu-
dents clearly reflected the positive outcomes of IPE, even in the online setting. Qualitatively,
students responded to discussion questions and described that:

(1) IPE increases awareness of team members’ roles and enhances collaboration
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(2) Increased communication and cohesion among members of teams is critical during
the pandemic and

(3) IPE can lead to better care for COVID-19 patients.

These RIPLS quantitative results and qualitative student perspectives provide opti-
mism that IPE can be learned effectively in an online environment, which will be critical
moving forward as healthcare aims to improve care through interprofessional collabo-
ration, even in an online, asynchronous environment. This study is unique in that the
students were entirely online during a pandemic and represented a variety of healthcare
roles. More work needs to be done to expand the understanding of the most effective
online teaching/learning tools. Follow up with program graduates will be significant as
they move into their professional positions.

5. Limitations

Because many students were working in healthcare and other institutions, they did
not check their university email regularly. As a result, faculty members struggled to reach
out to students and communicate in a timely fashion. This program was offered at a single
academic institution located in the Midwest US. While findings and methodology can
be utilized at other institutions, these findings may not be generalizable across the US or
the globe. COVID-19 pandemic academic management posed additional problems for
the implementation of the program. It was hard to invite healthcare practitioners to the
class as they were extremely busy in dealing with COVID cases in their roles. As online
education in healthcare disciplines continue to grow, more research is needed that can
explore students attitudes towards online IPE program across several university campuses.

6. Conclusions

The aim of this mixed method study was to examine attitudes and readiness towards
interprofessional education and significance of this preparation during the pandemic.
Findings suggest that students from both clinical and non-clinical programs valued op-
portunities for learning together and felt that IPE enhances awareness of team members’
roles and responsibilities and improves collaboration. Participants further suggested that
IPE increases communication and cohesion, and results in better care of patients’ which is
extremely important while working with COVID patients. Further studies across medical
centers and academic settings are needed to explore attitudes of students towards IPE
programs. Inclusion of different education settings and additional clinical and non-clinical
programs not currently represented in the study sample will allow better understanding of
IPE especially while working with patients during public health crisis.
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Abstract: The purpose of this study was to explore hospital management graduates’ experience in
pathology courses. Data were gathered through four focus group interviews by 16 hospital man-
agement graduates who attended pathology courses. Data were collected from June to August,
2020. Conventional content analysis was used for data analysis. Six categories were extracted that
described hospital management graduates’ experience in pathology courses, as follows: “Suggestions
for the curriculum,” “Students’ preference for pathology professor,” “Demands for various teaching
methods,” “Broad and difficult class content,” “Recognition of pathology courses during college
years,” and “The importance of studying the pathology course realized after graduation.” The find-
ings suggest that it is important to identify hospital management graduates’ perspectives to improve
pathology curriculum in the educational process. Additionally, it is necessary to continuously connect
educational and practical environments for the effective management of pathology courses.

Keywords: hospital management; pathology; qualitative study

1. Introduction

The department of hospital management encourages and trains professionals in the
field of health administration by teaching theories and practices that are essential for the
effective management of different health care organizations, with an emphasis on basic
medical education [1]. Students majoring in hospital management build their careers
in the health and medical industry, and most of the graduates are employed in medical
institutions. Different departments associated with health administration, such as the
department of public health, department of health care management, department of health
administration, department of health policy, and department of hospital management,
follow a similar curriculum. In South Korea, since the 1980s, health administration de-
partments have distributed their curriculum over four-year bachelor courses at colleges,
demonstrating how four-year-course college departments are gradually subdividing and
specializing in accordance with the current trends and the social demand [2].

Currently, with the advancement of information technology, life science, and genetics,
the medical industry is rapidly changing [3]. Thus, practitioners in the field of health
administration are expected to show multiple competencies such as basic medical knowl-
edge, knowledge about the systems used in the medical field, operation, and management
skills [1]. The primary duties assigned to health administration majors in medical in-
stitutions include medical records and insurance reviews alongside computerized data
management, hospital administration, planning and public relations, human resources,
supplies, and the general administration of the hospital. As such, it is necessary to cul-
tivate professionalism that can be used in overall work related to hospital management.
Previous study findings revealed that the level of satisfaction among college students
majoring in health administration had a positive correlation with career preparation and
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decisions [2,4,5], and the level of satisfaction with the curriculum of their major had a
significant effect on becoming qualified and employed in the respective fields [6]. Therefore,
colleges with four-year-courses offering majors in hospital management include classes on
basic medical fields such as anatomy, pathology, and physiology in their curriculum; this
aids in strengthening the competencies of students majoring in hospital management [7,8].
Additionally, the department of health administration belongs to the colleges of health
or medical science, with the department of hospital management. Furthermore, it was
found that basic medical education, including pathology, was chiefly taught by professors
majoring in basic medicine or nursing [1,4]. Previous studies on basic medicine have largely
focused on students majoring in nursing or medical engineering [9]; however, there have
been very few studies on the effectiveness of basic medicine as a subject for departments
related to health administration. This gap may have occurred due to the lack of importance
given to basic medicine compared to other subjects. However, this subject is central be-
cause students from the department of hospital management are often employed in fields
relevant to medicine; therefore, they need to have knowledge about diseases to enable
seamless communication with other medical workers and to understand patients. In addi-
tion, hospital management graduates can be put into overall hospital management-related
tasks. Since medical knowledge is required to support the work of healthcare workers, the
awareness of the importance of pathology is increasing in clinical practice [1,3]. However,
the hospital management department belongs to the college of health sciences or medical
sciences, which focus on hospital management, health insurance claims, administration,
and statistics rather than professional knowledge in medicine. To that end, both profes-
sors and students have difficulties in teaching and studying pre-clinical medical classes
such as pathology and anatomy [6]. The results of overall course evaluations, which are
customarily done at the university level, have only shown a formal quantitative score and
have limitations in understanding students’ needs. Thus, more in-depth exploration was
required. Moreover, it is important to understand the students’ educational needs and
implement effective instructional strategies to promote competencies among learners [6,9].
Therefore, with the rapid development in the multidisciplinary field of medicine, it is
essential to examine the pathology course curriculum from the perspective of students
majoring in hospital management.

The ADDIE (Analysis, Design, Development, Implementation, and Evaluation) model,
which structures the teaching–learning planning in different stages (analysis, design, de-
velopment, implementation, and evaluation) [10], enables educators to create programs
using a systematic approach designed to meet learner’s needs. Thus, this study aimed
to thoroughly understand the experience of students attending pathology courses who
are majoring in hospital management; this study conducted focus group interviews and
analyzed the results to serve as basic data for the effective management of pathology
courses by reflecting on the perspectives of the graduates.

2. Materials and Methods
2.1. Study Design

This phenomenological qualitative study aimed to obtain insights into the essence of
hospital management graduates’ experiences by vividly describing the experiences of a
pathology course in at Konyang University.

2.2. Participants

Participants were recruited in this study by posting a recruitment notice on an online
portal with an active audience of hospital administration graduates. Graduates who agreed
to participate in the research further introduced the researchers to their colleagues. The
inclusion criteria for the participants of this study were: (1) those who had majored in
hospital administration, (2) those who had attended pathology courses when enrolled
in hospital administration, (3) those who had graduated in the last five years, and (4)
those who were employed in fields relevant to their major. A total of 16 individuals met
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all the inclusion criteria and provided informed consent to participate in the study. It
is recommended to conduct three or more focus groups with four to six participants in
each to extract and obtain reliable data [11,12]. Therefore, participants were divided into
four groups as per their workplace (medical records office group, hospital administration
group, hospital office group of the same university hospital, and insurance company
group) to ensure the homogeneity of participants and free flowing discussions in each
group (Table 1).

Table 1. General characteristics of study participants (N = 16).

Participant Age (Years) Sex Degree Working Experience

L

1 25 F Bachelor 3 years

2 25 F Master 3 years

3 26 M Bachelor 2 years

4 26 F Bachelor 4 years

P

1 27 F Bachelor 4 years

2 26 M Bachelor 1 years

3 26 F Bachelor 2 years

4 27 F Bachelor 1 years

K

1 26 F Master 3 years

2 24 F Bachelor 1 years

3 24 F Bachelor 1 years

4 23 F Bachelor 1 years

H

1 23 F Bachelor 1 years

2 23 F Bachelor 1 years

3 27 M Bachelor 2 years

4 24 F Bachelor 1 years
L: medical records office team; P: Insurance company team; K: hospital administration team; H: hospital of-
fice team.

2.3. Interviews

The questions were formed in accordance with the format recommendations of
Krueger and Casey; our interview questionnaire comprised an opening question, intro-
ductory questions, transitional questions, main questions, and a closing question in an
open-ended question format [11,12]. The questions were reviewed by a qualitative research
expert before the final completion to ensure that their content did not deviate from the
research investigation. The overall purpose of the interview was to obtain an answer to
“How was your experience of taking pathology courses while in school?” Other questions
are shown in Table 2.

2.4. Data Collection

Qualitative research uses the principle of “appropriacy” for sampling; therefore, it is
important to select participants who can provide the most relevant information about the
research topic and objective [13]. Focus group interviews, in particular, enable a broader
understanding of the research topic since intensive conversations among participants with
common characteristics generate detailed research material [11,12]. Thus, four interviewees
were assigned to each group to facilitate effective conversation management and enable
participants to freely express their feelings.
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Table 2. Questions for this study.

Opening
Question

Please Share Your Experience of the Pathology Courses You Attended
While You Were in College.

Introductory
questions

Please share the satisfying experiences you had during the course.

Please share the unsatisfying experiences you had during the course.

Transitional
questions

Please share about any difficulties you had during the course.

Do you think taking pathology classes helped you with your current job?

Please share your overall experience at your professor’s lectures.

Please share your overall experience at your pathology courses curriculum

Closing question Please share anything you may want to mention.

Focus groups were led by skilled moderators experienced in qualitative research
and familiar with the scope of this research. The first author attended most of the focus
groups. If this was not possible for logistic reasons, another co-author familiar with the
interview protocol took over. The data collection period was from 25 July to 15 August
2020, and the interviews were conducted in a quiet and comfortable location as per the
participants’ convenience and availability. There were two times of interview at each
group, approximately 1 h and 1 h and 20 min long for each session, and participants were
notified of the topic and questions of the study prior to the interview. Data collection
was finished after second interview when no new information was generated from the
interviews; therefore, data from 4 previously selected groups with 16 participants were
finally included.

2.5. Data Analysis

The data transcribed by two assistant researchers were analyzed based on the con-
sensual qualitative research (CQR) developed by Hill et al. [14]. The analysis followed
an in-depth process. First, the researchers repeatedly listened to the recorded interviews,
accurately transcribed the interviews, and then reviewed the participant protocols several
times to identify and understand the underlying emotions throughout the interviews. Sec-
ond, the researchers recorded the initial feelings experienced by the participants, the first
thoughts that occurred to them, and the initial analysis of the data, and then they generated
codes for their statements. Third, the researchers conducted a detailed discussion to record
sub-themes for core factors of the responses; additionally, the extracted sub-themes were
combined to form clusters of themes with similar contents, and these theme clusters were
grouped into domains. Throughout the entire data analysis process, the researchers met
several times and continuously contacted each other to compare, discuss, and agree on
the data analyzed by each of them. In addition, to evaluate the appropriateness of the
extracted codes, sub-themes, and theme clusters, the process was repeated to reconfirm
and revise the original statements. Researchers proceeded with the analysis immediately
after the data were collected, and repeatedly interviewed the participants until there was
no new content in the following interviews. Once the statements, concepts, and themes
started to appear repeatedly in the data analysis, the process was deemed to have reached
theoretical saturation. The first and co-authors separately coded and analyzed the data,
and the corresponding author supervised this process.

Data were sent to the participants via e-mail after analysis and reporting to identify
their accuracy with the participants’ experiences and to improve the credibility of the study;
furthermore, participant feedback was obtained for this purpose. In order to maintain
neutrality, the researchers conducted an extensive literature review on the research subject,
and all judgments were reserved throughout the process to avoid researchers’ prejudice or
bias as much as possible.
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2.6. Pre-Understanding

The researchers of this study were professors who have experience in teaching pathol-
ogy courses, in addition to clinical and hospital administration experience at university
hospitals. They have continuously participated in seminars to conduct qualitative studies,
explored and discussed qualitative research methods, and developed their capabilities for
qualitative research. Moreover, a mentor professor provided general guidance on quali-
tative research performance over the course of this study. In addition, the corresponding
author of this study studied qualitative research in graduate school, conducted qualitative
research for the last five years, and published it in academic journals.

2.7. Ethical Considerations

This study was approved by the Institutional Review Board of Konyang University,
which the authors were affiliated prior to data collection (IRB No 2020-096-01). Participants
were informed about withdrawing their participation at any time during the study with no
disadvantages, and their consent was obtained to record the interview. The audio files and
transcripts of the recordings were coded to prevent the identification of the participants’
identities, and separate unique numbers were assigned. Documents were stored in a
document storage box with a lock, and they were discarded using a shredder after the
completion of the study.

3. Results

A total of 232 meaningful statements were extracted from the original data provided
by the 16 participants. We extracted two broad content areas: (1) regarding course man-
agement and (2) regarding the learners. These areas were further classified into six theme
clusters and 12 themes (Table 3).

Table 3. Area, theme clusters, and themes of hospital management graduates’ pathology course experiences.

Area Theme Clusters Themes

Course
management

Suggestions for the curriculum
The need to assign relevant courses

The necessity to understand the educational level and needs
of students

Desire to learn before or after the clinical practice

Students’ preference for pathology professor Professor with extensive hospital clinical experience
Professor who interacts with students and teaches in a way that

students can easily learn

Demands for various teaching methods Memorable case-based, role-play classes
Boring lecture-style classes

Broad and difficult class content
Excessive amount of learning content

Difficulties in concentrating on basic medical content

The learners

Recognition of pathology courses during
college years

Lack of motivation to learn
The memorization subject participants wanted to give up

The importance of studying the pathology
course realized after graduation

Coming to know that pathology is an important course that is
helpful in clinical practice

Helpful in obtaining a major-related qualification

3.1. Area: Course Management

The course management area included four theme clusters: “Suggestions for the cur-
riculum,” “Students’ preference for pathology professor,” “Demands for various teaching
methods,” and “Broad and difficult content.” Participants provided their opinions based
on their personal experience of the pathology course.

317



Healthcare 2021, 9, 347

3.1.1. Theme Cluster: Suggestions for the Curriculum

This theme cluster was composed of three themes: “the need to assign relevant
courses,” “the necessity to understand the educational level and needs of students,” and
“the desire to learn before or after the hospital placement.” The participants shared their
subjective experiences and existing difficulties with the curriculum.

Theme: The Need to Assign Relevant Courses

Participants frequently experienced the need to study the relevant material prior to
attending these classes due to the use of technical terminology and unfamiliar diseases in
the pathology course. It was also considered necessary to learn by sequentially assigning
the pathology course and subjects relevant to pathology courses to help with education in
pathology, which was considered difficult to learn.

“I think it would be better to study (pathology) together with a field or part such as
pharmacology or anatomical physiology, and . . . such subjects will be more beneficial, so
I think it will be more beneficial if pathology was studied together during the semester
that pharmacology or anatomical physiology is studied.” (H3)

Theme: The Necessity to Understand the Educational Level and Needs of Students

Pathology is an unfamiliar area of study for these students and provides basic medical
knowledge. Therefore, participants hoped to learn smoothly without difficulties by being
taught at an eye-level; they wanted the professors to consider the students’ educational level
while teaching. In addition, participants suggested that understanding the educational
needs of the students will help in establishing an in-depth course for students who wish
to learn in-depth contents in accordance with the diverse interests and concerns of the
pathology course.

“Because the professor teaches from a completely different background of knowledge from
us, when we are trying to accept the content, um . . . I thought it would have been good if
the professor could explain it more easily and extensively.” (P4)

“For students who want to learn pathology even during their undergraduate years
because they find it fun, this would be an opportunity for them to choose... so, if there
is an opportunity to receive the education then I think the students who want to study
further could do so and use it in their future somehow.” (L1)

Theme: Desire to Learn before or after the Clinical Practice

The participants’ opinions about the study period of the pathology course varied. Sev-
eral participants had hoped to learn pathology during the second or third year in order to
ensure practical application during their clinical practice in hospitals. Participants generally
agreed that pathology courses had a positive influence on clinical practice at hospitals.

“I think the semester students can usually focus is around the second year. I don’t think
there will be a lot to do for employment or to attain other qualifications, so I think it
would be good to learn intensively before the clinical practice.” (H3)

“Now that I have completed the clinical practice, I think learning in the first semester of
the third year and then immediately following it with clinical practice would be a good
idea.” (P1)

3.1.2. Theme Cluster: The Pathology Professor the Students Want

This theme cluster consisted of two themes: “the professor with extensive hospital
clinical experience” and “the professor who interacts with students and teaches in a way
that students can easily learn.” Participants presented their opinions about the characteris-
tics they desired in their professors based on their experiences and impressions formed
during classes.
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Theme: Professor with Extensive Hospital Clinical Experience

In accordance with the unfamiliarity and difficulty of the pathology course, students
desired a professor who could help them easily understand the topic. Professors, who
taught using their real-life clinical experiences and case studies, engaged the students’
interest in a fun and memorable way during the pathology course.

“The vivid experiences of the clinical field encountered through the professors enriched
the pathology course memories.” (K4)

“We are now graduating and moving forward because the professor gave lectures to us
while working in the hospital field and . . . professors are normally employed in hospitals
or insurance companies, which enables us to hear a lot about the direct experiences that
they had while working, so . . . that helped a lot.” (P4)

Theme: Professor Who Interacts with Students and Teaches in a Way That Students Can
Easily Learn

Since pathology was a difficult subject, learners reflected their positive experience
with professors based on the highest learning effect. Participants positively evaluated those
professors who usually attempted to interact with students, and their efforts subsequently
led to high learning outcomes.

“The professor asked the students if anyone had ever suffered a disease, and how and
where they were sick. The professor asked a lot of questions like this, so I think that helped
a lot learn intensively before the pathology was conducted pleasant classes, which . . .
was a good method.” (H1)

3.1.3. Theme Cluster: Demands for Various Teaching Methods

This theme cluster consisted of two themes: “memorable case-based role-play classes”
and “boring lecture-style classes.” The participants desired learner-centered teaching
methods based on their previous learning experience.

Theme: Memorable Case-Based Role-Play Classes

In terms of learning methods, participants wanted learner-centered class plans con-
ducted through various mediums that were easy to approach and participate in.

“It is good when they give case scenarios and give some time to think about the examina-
tions or diagnosis . . . ”. (L2)

“It wasn’t just lectures, but we were grouped together we were given a disease each
and did something like a role play. So, I think it was good that I was able to learn and
understand more specifically about the disease while directly participating in the role
play, in addition to the theoretical part of the disease . . . ”. (P1)

“We did something like a role-play in the last class of pathology. Each group was assigned
the name of a disease and played the roles of a doctor, a patient, and a nurse for such
situation. It was followed by an evaluation, and I wondered why we were doing such a
thing back then. Looking back now, I think that was what helped me.” (L4)

Theme: Boring Lecture-Style Classes

In general, there were many negative evaluations for lecture-style classes
(professor-centered).

“When I listened to the lecture, had to wrote it down without thinking, so I became much
less attentive and . . . just listening to lectures was not suitable for me”. (L2)

“I wasn’t able to concentrate due to um . . . incomprehensive terminology and boring
lecture . . . ”. (K2)
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3.1.4. Theme Cluster: Broad and Difficult Class Content

This theme cluster consisted of two themes: “excessive amount of learning content”
and “difficulties in concentrating on basic medical content.” The participants had various
content requirements based on their current employment, and they wanted practical
contents that could be applied to their job duties.

Theme: Excessive amount of Learning Content

Participants’ primary memory of the pathology classes was the difficulty faced due
to the unfamiliarity and large proportion of the curriculum. The excessiveness of the
content was especially higher for liberal arts students who were completely unaware of
basic medicine.

“There were too many disease to learn and memorize.” (H1)

“It was difficult because the amount of study was too much compared to other sub-
jects.” (K4)

Theme: Difficulties in Concentrating on Basic Medical Content

Participants complained about difficulties in concentrating during the classes due
to the use of unfamiliar and technical pathological terminology of pathology, which is
starkly different from those used in other hospital administration courses, and the rapid
progression into specialized medical content.

“Due to the nature of the pathology, there is a lot of medical knowledge and a lot of
information to be delivered . . . Personally, it was difficult to understand because there
was a lot of information being given at once.” (P4)

“Incomprehensible terminology gave me hard time . . . ”. (P1)

3.2. Area: The Learners

This area consisted of two theme clusters: “recognition of pathology courses during
college years” and “the importance of pathology courses participants learned after grad-
uation.” Study participants suggested ideas to help the future students gain a positive
experience, based on their personal experiences. This was classified as the learners’ area.

3.2.1. Theme Cluster: Recognition of Pathology Courses during College Years

This theme cluster consisted of two themes: “lack of motivation to learn” and “subjects
requiring memorization that participants wanted to give up.” Participants emphasized the
necessity and importance of learning pathology and the role of learners who are the focal
point of education in accordance with their real-life experiences.

Theme: Lack of Motivation to Learn

The participants believed that there was a lack of awareness about the effect of pathol-
ogy courses on their future practice.

“Since we do not do practical work but rather do administrative work, I think I attended
the pathology classes with an underlying opinion that pathology is not important.” (K4)

Theme: The Memorization Subjects That Participants Wanted to Give Up

Participants revealed that a lack of motivation for learning pathology, the excessive
amount of studying, and the realization that pathology requires memorization negatively
affected the learning outcomes.

“Students give up because there is so much to learn . . . hard to understand and probably
because they do not want to memorize.” (L3)

“All I can recall is the memorization techniques.” (P2)
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3.2.2. Theme Cluster: The Importance of Studying the Pathology Course Realized after
Graduation

This theme cluster consisted of two themes: “coming to know that pathology is an
important course that is helpful in clinical practice” and “helpful in obtaining a major-
related qualification.”

Theme: Coming to Know That Pathology Is an Important Course That Is Helpful in
Clinical Practice

The participants emphasized the importance and usefulness of the pathology course
based on their positive experiences during their employment practice; although they did
not recognize this importance while attending the classes.

“It helped me greatly to understand which areas are diseases with high severity and to
understand whether patients have high severity when reading the list.” (H3)

“I think once you go to work after understanding the subject called pathology, you can
communicate more comfortably with people in the medical department, nurses, or even
with the patients you directly encounter.” (K4)

“It is content you need to know after you get a job and results will change according to
how you study so I hope students study hard and learn a lot.” (L2)

Theme: Helpful in Obtaining a Major-Related Qualification

The participants in this study vividly remembered their experiences while preparing
for employment after graduation. Participants conveyed the pre-requisite role of the
pathology course in obtaining further certification related to their major, such as that of a
health information manager. Additionally, they acknowledged that studying the course
provided practical guidance for obtaining the certification.

“There are a lot of places that require a certificate than you would expect...They prefer peo-
ple with a certificate...and it’s a very good certificate to have...I think studying pathology
will be absolutely indispensable to get a certificate such as health information manager
certificate in the future.” (K1)

“I think it was helpful when I was taking the medical recorder’s license exam. It really
helped my studies when I looked through the materials I had studied before.” (L3)

4. Discussion

This paper presents a qualitative study that aimed to understand the underlying
experience of studying in a pathology course among hospital management graduates,
and six theme clusters were subsequently extracted. An unexpected question from the
participants during the interview was when they asked for an explanation of what a
pathology course entails. This was surprising because all the participants had opted into
this course and had only graduated within the last five years. Therefore, this indicates
the relatively low importance attached to basic courses in hospital management majors,
as administration and management courses are considered more essential. However, a
general understanding of disease is becoming necessary with the increased engagement in
medicine-related duties. Fortunately, the participants began to comprehensively reminisce
about the overall experience of the course management and learning throughout the rest of
the interview.

Pathology involves the in-depth study of disease mechanisms; H3 of the hospital
office team expressed the desire to sequentially study relevant courses such as medical
terminology, anatomy, physiology, and clinical practice. H3 also suggested the need
for conducted pathology courses, before or after hospital placements, at the medical
institutions in consideration with the educational level and needs of the students. Previous
studies with students of health and medical department-related subjects have revealed
that satisfaction with the major subject was high if high satisfaction was experienced
with the curriculum and field placement [4–6,15]. This demonstrates that a systematically
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designed curriculum has a significant influence on overall course satisfaction. Similarly,
other participants of the current study also wanted the pathology course to be taught before
or after hospital placements. Therefore, it is necessary to conduct detailed discussions
about the completion period of the course while designing the curriculum in order to
increase student satisfaction with basic courses among hospital management graduates.
These changes in curriculum design will aid the clinical placement of students, which can
be an important turning point for those studying subjects relevant to health and medical
departments; moreover, it will help in satisfying their intellectual curiosity related to their
major and in fostering their potential [15]. Furthermore, due to the adaptive and dynamic
nature of the curriculum, the pathology content may be added or reduced according to the
educational needs of learners [4–6,15]; therefore, it is necessary to assess student satisfaction
with the pathology course for those who are currently enrolled.

The second theme cluster in course management was concerned with student prefer-
ences for the professor of the course. Students preferred pathology professors who had
clinical experience in hospitals and taught students in an interactive way that facilitated
easy learning. Since professors enjoy a high degree of autonomy in class planning and
evaluation, their competency acts as a crucial factor in determining the quality of their
classes [16]. Students preferred professors with practical clinical experience who facilitate
easy learning for students using real-life clinical cases during the pathology lectures. The
results of a previous study reported that highly prioritized competencies in college profes-
sors are “systematic compositions” and “the explanation capacity” [17]. The current study
findings were consistent with the results of this previous study. Thus, professors must seek
techniques to systematically organize the contents of the pathology curriculum to easily
explain the contents for students studying hospital administration while emphasizing
important core contents.

Participants also expressed difficulty to motivate themselves to learn pathology dur-
ing their college years, as the subject dealt with the mechanism of diseases. Therefore,
professors with specialized knowledge and experience should use clinical case studies to
make pathology classes less technical and more practical.

These requests were categorized into the third theme cluster of course management
concerning the demands for various teaching methods, which included classes using
audio–visual materials and case-based, role-playing techniques as the preferred lesson
methods in order to tackle the difficulties expressed by the participants to engage in learn-
ing with lecture-based lessons due to boredom. The characteristics of excellent instructors
are well-organized class content, clear delivery, and harmonious interactions with stu-
dents [18]. Rote learning with professor-centered education to deliver extensive amounts of
knowledge was the method preferred in the past when knowledge itself was the resource.
However, modern day students require learner-centered classes (e.g., problem-based and
team-based learning) to acquire and apply knowledge by participating in various learning
activities based on student–professor interactions [9]. Due to the gap in previous research
on the management of basic courses such as pathology for hospital management students,
this study reviewed the available literature on the educational needs of nursing students,
which is another health-related department. The reviewed literature revealed that nursing
students also preferred performance-oriented education that enabled learning through
direct participation and experiential learning, which was similar to those studying hos-
pital administration [19]. Role-playing education, which participants positively recalled,
involves the process of autonomously constructing specific scenarios, planning roles, and
promoting the understanding of diseases; it can be an effective learning method that
improves problem-solving and self-directed learning skills A previous study identified
“media and technology utilization ” as a component of an appealing class [20]; therefore,
professors must seek methods to appropriately use relevant audio–visual materials to pro-
mote the interests and understanding in learners regarding unfamiliar disease mechanisms
and terminology.
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In the fourth theme cluster about the broad and difficult class content, the participants’
complaints regarding the excessive amount of learning material and the basic medical
contents that were difficult to concentrate on were recorded. Participants expressed the
following concerns: (1) difficulty due to technical terminologies, (2) unfamiliarity with
the content, (3) limitations due to the excessive amount of study material, (4) treating the
course as a memorization subject, and (5) giving up learning altogether.

This is connected with the recognition of pathology courses during college years,
which was the first theme cluster in the learner’s area. Participants suggested that they were
indifferent to the pathology course during their school years due to a lack of motivation to
learn and because it was a subject that they wanted to give up studying due to the extensive
amount of memorization involved. However, participants independently confirmed the
importance of basic knowledge about diseases during their employment after graduation;
they eventually realized the importance of the pathology course. Such factors are important
for motivating students studying hospital management to learn pathology. As the learning
and academic achievement increases, the purpose of taking a class becomes clearer for a
learner [21]. These experiences of graduates can have a positive effect on inducing learning
motivation for students who are currently enrolled.

A lack of effort or awareness in a learner who is the focus of education can prevent
correct learning and lead to the abandonment of an course altogether [21]. In other words, a
learner’s proactive learning attitude is a determining factor in achieving learning outcomes.

Participants suggested that their experience of taking a pathology course as a student
was crucial for reviewing and determining medical records at work in the medical institu-
tions and insurance companies where they currently work. However, they expressed regret
over not recognizing this importance during college. These findings demonstrate highly
meaningful statements for professors teaching pathology in the field of education. Since
the career paths of students studying hospital management are associated with medical
institutions, it is imperative to improve their ability to seamlessly communicate with other
health care workers and to understand their patients. Therefore, specific goals need to be
determined for students studying hospital management to achieve the learning outcomes
of the pathology course. Furthermore, there is also an urgency to seek solutions that
consider the educational needs and the academic achievement of students while planning
pathology classes to implement education at the eye-level for students who are studying
hospital management.

5. Conclusions

This study divided the experience of the pathology course among graduates of hospi-
tal management into the areas of: (1) course management and (2) learners. The graduates
commonly and consensually expressed a lack of motivation to study pathology and difficul-
ties in concentrating on the course content due to the excessive amount of study material.
However, graduates appeared to have recognized the importance of the pathology course
after graduation during their employment in fields relevant to their major.

There are limitations in generalizing these results because this study conducted focus
group interviews with the graduates of hospital management from the same local university.
However, this study is significant because it has provided a deeper understanding of the
experience of studying the pathology course in hospital management students amidst an
insufficiency of relevant literature.

Based on the results of this study, the following recommendations are proposed: (1) the
current management of basic courses, including pathology, in the department of hospital
management must be evaluated and recognized; (2) pathology course curriculum should
facilitate practical learning for effective the study management of pathological courses,
which could be facilitated through collaborations with the employment centers where
students can work after their graduation; and (3) learning contents should be constructed
based on major diseases to enhance learning motivation. The findings of this study will be
helpful for developing pathology course for hospital management students.
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Abstract: The purpose of this study is to evaluate the utility of QR (quick response) codes in
explaining the proper method for orthotic use after orthopedic surgery. A questionnaire survey was
adopted to evaluate patient satisfaction with education and training in orthotic applications after
orthopedic surgery. The study periods were 1 April to 30 April 2017, and 1 October to 31 October 2017.
The oral training involving the conventional orthoses was conducted in April, and the videos with the
orthosis on the QR code were captured in October. The QR code containing the data was distributed
and the education was conducted. A total of 68 patients (QR-code group: 33) participated in the
questionnaire survey. After the QR code application, the number of retraining cases increased from
62.9 to 93.9% (p-value < 0.01). The mean scores of the four items measuring the comprehension
increased from 10.97 to 14.39. The satisfaction level rose from 7.14 to 9.30, and the performance
increased from 7.14 to 9.52 (p-value < 0.01). The QR code is expected to be a valuable method
for explaining the orthotic application after orthopedic surgery, and especially when repeated
explanations are needed for elderly patients.

Keywords: QR code; orthosis; orthopedic surgery; patient education

1. Introduction

Interest in the improvement of the quality of medical care and patient safety is grow-
ing. The obligation to explain all the procedures performed by the medical staff is greatly
emphasized. The provision of accurate information to the patients enables understand-
ing of the medical services, providing them with opportunities to actively participate
in the treatment [1]. However, with the increasing number of elderly patients in recent
years, patient’s lack of understanding is expected, thereby increasing the necessity for
repeated education, which is a burden not only for the patient but also for the healthcare
personnel [2].

In orthopedic departments, nonsurgical treatments, intra-articular injections, splint
fixation, and physical therapy are also used in addition to surgical treatment. The effort and
patience required are especially high for patients wearing braces [3]. The medical personnel
are required to provide the corresponding explanation to the patients and their caregivers.

With the recent advances in information technology (IT), it has become easier to
access various audiovisual materials such as photographs and videos. In particular, this
accessibility is facilitated by the smartphone popularization. The usefulness of online video
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tutorials is reported in medical fields, especially in the field of training of medical staff or
students and in video descriptions for patients [4,5].

It has been reported that approximately 14% of the medical information provided
orally is remembered correctly by the patients [6]. To address this challenge, it has been
reported that the usage of pictography during medical explanations increased patient
memory by 80% [7,8]. Sandberg et al. [9] reported that even if the information was not
remembered at first, the patient recall ability increased to 67% when a clue was provided.
Therefore, it is important to provide visual data and repeated interventions to ensure
communication of medical information is memorized by the patient.

The QR (Quick Response) code is a matrix barcode (or two-dimensional barcode)
that represents information in a black-and-white plaid pattern; these barcodes comprise
vertical and horizontal information and contain up to 7089 numeric characters, or 4296 al-
phanumeric characters, or 2953 bytes (binary data). They can be used to encode specific
URLs linking to sounds, pictures, and video information. Recently, the number of scanner
applications capable of recognizing QR codes in smartphones has increased, and it is easier
to obtain the desired information by simply recognizing the QR code with a smartphone
rather than browsing the information online using a web-browser URL. Accordingly, this
code technology is increasingly popular. A recent study reported the effectiveness of QR
codes on a mobile phone in improving patient surveys [10].

Recently, the usage of QR codes in elderly patients with heart disease has led to
increased medication compliance [11]. Likewise, they have the advantage of increasing
medical accessibility to older age or chronic disease patients who require repetitive and
continuous education.

This study evaluates the usefulness and patient satisfaction with orthopedic orthoses
for which the QR code is used.

2. Materials and Methods

All research was performed in accordance with the relevant guidelines and regulations.
The study periods were 1–30 April 2017 and 1–31 October 2017. The oral training involving
conventional braces was conducted in April, and the videos with the braces on the QR
code were captured in April. Therefore, we investigated two groups: the QR group as a
case group and the oral training group as a control. The QR code containing the data was
distributed before the education was provided. The QR code was distributed in the form
of a business-card-size print and sticker, which was attached to the brace (Figure 1), while
the length of each video varied from 1 to 2 min.
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To evaluate the satisfaction with the training in wearing the orthosis and the degree of
satisfaction associated with the orthosis after the orthopedic surgery (orthoses included
shoulder-abductor brace, thoracolumbosacral orthosis (TLSO), hip-abductor brace, corset,
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Philadelphia cervical collar brace (P-brace)), a questionnaire was administered to patients
who needed to wear it in October. The questionnaire included simple demographic
data such as the patient’s gender and age, and the frequency and timing of training in
orthosis wearing, along with the training contents. In order to evaluate comprehension,
the questionnaire included the following items: understanding the position of the orthosis,
the duration of post-discharge orthosis wearing, the precautions for orthosis wearing, and
the timing of the wearing and removal of the orthosis. To evaluate patient satisfaction, the
patient was asked to provide subjective scores on a scale of 1 to 10. Finally, a performance
score ranging from 1 to 10 was measured by the medical staff to determine if the patient was
wearing the orthosis correctly, including the wear position, fixation strength and wearing
order (Figure 2). A descriptive analysis of all the variables was performed, including
the mean and the standard deviation or frequency. The data normality was tested using
the Kolmogorov–Smirnov test. The Student’s t-test was utilized to compare continuous
variables, and the chi-square test was used to compare the categorical variables between
the two groups.
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3. Results

A total of 68 patients participated in the questionnaire survey. The mean age was
61.0 years (range: 10–88 years). The TLSO constitutes 33.8%, followed by the shoulder-
abductor orthosis (32.4%), corset brace (14.7%), hip-abductor orthosis (13.2%), and P-brace
(5.9%) (Table 1).
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Table 1. Patient demographics.

Group
Total (%) p ValueOral Training

Group
QR Code

Applied Group

Age Mean ± SD 58.60 ± 16.20 63.55 ± 15.93 61.0 ± 16.14
0.209 *

Range (Min–Max) 10–88 15–85 10–88

Sex
Male 20 19 39 (57.4)

0.971 †
Female 15 14 29 (42.6)

Orthosis

Shoulder abduction brace 15 7 22 (32.4)

0.354 †

TLSO 11 12 23 (33.8)

Hip abduction brace 4 5 9 (13.2)

Corset 4 6 10 (14.7)

P-brace 1 3 4 (5.9)
p values calculated by * t-test or † Chi-square test. SD = standard deviation; Min = minimum; Max = maximum;
TLSO = thoracolumbosacral orthosis.

At least two-thirds of the training time in both groups was spent wearing the orthosis.
The orally trained group and the group supplied with QR code were exposed to repeated
training three times in 11% and 29% of the cases, respectively. Meanwhile, with the
application of the QR code, the frequency of retraining (accessibility) increased from 62.9 to
93.9% (p-value < 0.01) (Figure 3).
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Figure 3. The difference in frequency of retraining (accessibility) between the oral training group and
QR code applied group.

The mean scores of the four items that measured the comprehension increased from
10.97 to 14.39 (p-value < 0.01), and the satisfaction level increased from 7.14 to 9.30. The
performance increased from 7.14 to 9.52 (p-value < 0.01) (Figure 4).
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4. Discussion

In this first reported study using a QR code to explain orthosis wearing to patients
after orthopedic surgery, the patients who used the QR code showed sound outcomes in
terms of both the wearing competency and understanding of the orthosis compared with
patients who received only an oral explanation.

Yuzer et al. [12] reported that patients with stroke most often declined to wear an
orthosis because they felt it was unnecessary and inconvenient. It is important for the
patient to wear a brace continuously and correctly. Improper wearing of the orthosis results
in discomfort, which may reduce patient compliance. There are many types of orthosis that
are worn differently for varying durations. Furthermore, it is necessary for the patient to
be repeatedly educated about the orthosis.

It is difficult for the patient to fit into some of the orthotic types without the help of
a caregiver; therefore, the caregiver needs to have precise information. It is also difficult,
however, for all caregivers to accompany the medical staff at the time of explanation,
suggesting the need for a handy educational tool. Consequently, it is expected that the
caregiver education will increase the compliance of patients.

As the smartphone technology becomes widespread, the QR code will be used in
various industries. Because the memorizing of the URL is unnecessary and the smartphone
is portable, the QR code can be used to access information conveniently and repeatedly.
Accordingly, the use of the QR code for accurate drug administration in the elderly popula-
tion has been reported [13]. In the orthopedic field, it has been used in cast management
and sound clinical outcomes have been reported [14].

As the Internet has become widespread, various types of information can be accessed
quickly and easily, but it is also difficult to identify accurate information. In the case of a
nonmedical person, it is difficult to understand the correct terminology, which complicates
the search and often introduces inaccuracies in medical knowledge conveyed to the patient.
The usage of the QR code prevents the dissemination of false orthosis information to the
patients, because it provides audiovisual information in an easy way via a smart phone.
This study shows that the QR code can be used more effectively by repeated patient
education and accessibility than conventional oral training in an outpatient clinic. It is
expected the patient compliance will be improved by minimizing the inconvenience due
to wearing of the correct orthosis and enhancing the understanding of the importance of
wearing the orthosis.
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Spaulding et al. described three major variables in orthotis and prosthesis care; (1) the
state of functioning, disability, and health (International Classification of Functioning,
Disability and Health); (2) orthotic and prosthetic technical properties, procedures, and
appropriateness; and (3) professional service as part of orthotic and prosthetic interven-
tions [15]. The usage of a QR code may enhance the provision of professional service
throughout the orthotic care of patients.

Although this study is the first study demonstrating the usefulness of the QR code for
orthosis application after orthopedic surgery, limitations have been identified. First, the
number of the observed patients is small and the follow-up period is short. However, it is
significant that the QR code, which has the advantages of repeatability and convenience,
was newly used in the orthotic field. Further, the QR code is widely available in various
medical fields beyond orthopedics. Second, our study compared QR codes with oral
explanations about the overall understanding of orthosis after orthopedic surgery. Because
this is the first attempt at orthopedic surgery, we have investigated a number of orthoses,
suggesting possible heterogeneity. In future studies, each orthosis application and training
will be investigated comprehensively. Third, our study did not compare online educational
tutorials containing educational videos with our QR code containing an educational video.
This is considered a study limitation, and it will be necessary to compare the two videos
in the future. However, the advantages of our study are two-fold. First, the educational
and training videos included in this study are tailored to the patient and individual
circumstances. Therefore, patients can obtain a better understanding of brace application.
Second, it is easier for elderly patients to access information using the QR code than to
search the Internet for every educational video. Lastly, although we did not compare QR
code education with a conventional paper education brochure, because of its repeatability
and better visualization, QR code education can be a better option for patients.

5. Conclusions

The QR code is a valuable method for training patients and caregivers regarding brace
applications after orthopedic surgery. It has gained popularity among other medical fields.
Even though it has the limitation that there are few studies showing superiority compared
to conventional education modalities, the authors believe that the QR code will be used in
several medical fields in the future because of its repeatability and accessibility.
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Abstract: Online medical team is an emerging online medical model in which patients can choose a
doctor to register and consult. A doctor’s reputation cannot be ignored. It is worth studying how
that online reputation affects the focal doctor’s appointment numbers on the online medical team.
Based on the online reputation mechanism and social interdependence theory, this study empirically
studied the impact of the focal doctor’s own reputation and other teammates’ reputation on his/her
appointment numbers. Our data include 31,143 doctors from 6103 online expert teams of Guahao.com.
The results indicate that for a leader doctor, his/her appointment numbers are not related to his/her own
reputation, and there was an inverted U-shaped relationship with the ordinary doctors’ reputations
on the team. For an ordinary doctor, his/her appointment numbers were positively correlated with
his/her own reputation and positively correlated with his/her leader’s reputation and there was an
inverted U-shaped relationship with the other ordinary doctors’ reputations. The research showed
that there is a positive spillover effect on the team leader’s reputation. There are two relationships
between team doctors: competition and cooperation. This study provides guidance for the leader to
select team members and the ordinary doctor to select a team.

Keywords: online medical team; online reputation; appointment numbers; leader; teammates;
inverted U-shaped relationship; competition; cooperation; social interdependence theory

1. Introduction

The coordination and delivery of safe, high-quality care require reliable teamwork
and collaboration across organizational, disciplinary, technical, and cultural boundaries [1,2].
Offline medical teams are very common in Western countries. Effective team cooperation provides
safe and effective care for all levels of the medical system [3,4]. In most developed countries, team
medicine has become a standard of diagnosis and treatment. Both the leading family doctors and
the famous Mayo Clinic work in doctor-collaboration teams [5]. The importance of teamwork is also
evident in the response to COVID-19 [6]. Team medicine is helpful for both patients and doctors.
For patients, team medical cooperative treatment can effectively improve the diagnosis and treatment
ability and efficiency of complex diseases, provide comprehensive nursing and rehabilitation design
for patients, and make each patient’s treatment more personalized [7,8]. For the team’s medical staff,
it is necessary to change their focus from the concept of emergency to long-term disease prevention
and health care. They can learn new technologies and make new breakthroughs in the diagnosis
and treatment of each patient and require the medical staff to focus on their professional fields [9,10].
On the team, young doctors can also obtain better training and experience. With the development
of the “Internet + healthcare”, online medical teams have begun to appear on online medical service
platforms in China. China’s haodf.com and guahao.com have set up expert teams. The expert teams
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are led by brand doctors, joined by ordinary doctors and young doctors, and collaboration teams are
established to jointly diagnose and treat patients. The emergence of online medical teams can alleviate
the problem that senior experts have no time for branding, and young doctors and grassroots doctors
have time but no brand, so that doctors can better allocate time, share experience, and share brands.
This will make the distribution of valuable medical resources more reasonable. Online medical teams
are a new type of virtual team, so it is necessary to study and analyze them.

As the basis for online transactions, the online reputation mechanism provides an important
basis for consumers’ purchase decisions [11,12]. Online reputation is a kind of public praise formed
by the evaluation feedback of purchased goods or services after consumers consume online [13,14].
In the past, many scholars have studied online reputation based on online markets such as eBay,
Taobao, Yelp, Uber, and Airbnb [15–17]. Medical and health services are a typical trust product [18].
Because of information asymmetry, it is difficult for patients to judge the medical service level of
doctors. At this time, doctors know their own medical level, but patients do not know the real medical
level of doctors before they receive the doctor’s services. So, the patient can only judge the doctor’s
medical level through the information on the doctor’s website. At this time, a doctor’s online reputation
is particularly important. As a signal of a doctor’s medical service level, the doctor’s online reputation
provides a decision-making basis for patients to register online [19–21]. Many studies have confirmed
the influence of brand on the sales volume of goods or the purchase intention of consumers [22]. In a
medical team, the team leader is usually a doctor with high status, whose reputation is equivalent to
the brand of the team. Therefore, the reputation of the leader of the team conveys the image of the
team to the patients, provides an important basis for the patients to infer the medical level of the team,
and reduces the perceived risk and information cost of the patients.

Interdependence and social classification are the foundation of team formation [23].
Koffka demonstrated that the team is a dynamic whole, with different forms and degrees of dependence
among members [24]. Lewin proposed that the essence of a team is the interdependence among members
of the team. The state change in any member or subteam in a team will affect the state of other members
or subteams [25]. According to McGrath, a team is a social collection of existing mutual understanding
and potential interactions between members [26]. When the results of individuals are influenced by
their own and others’ behaviors, social interdependence is produced [27]. Morton Deutsch put forward
the theory of social interdependence in 1949.There are two types of social interdependence: positive
(when the individual’s behavior promotes the realization of common goals) and negative (when the
individual’s behavior hinders the realization of another’s goals) [28]. When there is a positive-positive
relationship between the goals and means of different individuals, there is a cooperative relationship
between them, such as the relationship between football team players [29]. Under the condition of
task interdependence and resource interdependence, students more easily achieve better results than
students who study alone [30]. When there is a negative dependence on the target means of different
individuals, there is a competitive relationship between them, such as boxing. When a person needs the
resources of other team members but has no common goal (that is, he or she does not share resources
with others, but only obtains resources from others), the result will affect another’s productivity [28].
Colasante et al. found that intrateam competition can significantly reduce free-riding behavior [31].

In the field of health care, few people study the relationship between doctors working in the
same organization. If an organization has a good reputation, all its members are considered to
have a good reputation [32]. Wu et al. found that there are both cooperative relationships and
competitive relationships between doctors and colleagues [33]. From the perspective of "cooperation",
the reputations of a doctor and all his or her colleagues form the reputation of his or her team. When the
reputation of the team is high, the team can attract more patients. At this time, the reputations of
the doctor’s colleagues has a positive impact on him or her. From the perspective of "competition",
when patients register online, they will select the doctor of the expert team according to the doctor’s
online reputation and other signals. At this time, if the doctor’s colleagues have a high online reputation,
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the doctor’s colleagues are more likely to be selected. At this point, a colleague’s online reputation has
a negative impact on the doctor.

Therefore, it is meaningful to study the impact of teammates’ online reputations in the online
medical team on the focal doctor’s appointment numbers.

Since there are two types of doctors in an online medical team, this study divided the doctors in
an online medical team into two types, leader doctor and ordinary doctor, and conducted the study
separately. The team is led by the leader doctor, and other doctors can join. The leader doctor is often a
more senior doctor. Ordinary doctors are the team members other than the leader doctor. Most of them
are young doctors and doctors with less seniority. This study mainly solves the following problems:

When the leader acts as the focal doctor:
Research question1: How does the focal doctor’s reputation affect his/her own appointment

numbers in the online medical team?
Research question12: How does the reputation of ordinary doctors of the online medical team

affect the focal doctor’s appointment numbers?
When the ordinary doctor acts as the focal doctor:
Research question11: How does the focal doctor’s reputation affect his/her own appointment

numbers in the online medical team?
Research question12: How does his/her leader’ reputation affect the focal doctor’s

appointment numbers?
Research question13: How does the reputation of other ordinary doctors of the online medical

team affect the focal doctor’s appointment numbers?
In this study, we tested the research hypotheses using the data collected from Guahao.com.

Guahao.com is one of the main online medical service platforms in China focusing on registration
services. Guahao.com created a team medical model. A team consists of a well-known team leader
doctor and several ordinary doctors. Patients can first select an expert team and then select a doctor
from the expert team to register, consult, or purchase other services.

In August 2019, we collected data from 31,143 doctors from 6103 online expert teams of
Guahao.com. Each dataset included the doctor’s appointment numbers, title, department, hospital and
city, review numbers, likes, scores, and team size. Then, we used an econometric method to verify our
research hypothesis.

2. Materials and Methods

2.1. Research Model and Hypotheses Development

The purpose of this study was to investigate the impact of the focal doctor’s own reputation and
his/her teammates’ reputations of an online medical team on the focal doctor’s appointment numbers.
In our research context, there were two types of doctors in an online medical team, leader and ordinary
doctors. Therefore, we separated the leader and ordinary doctors to establish different research models.

2.1.1. Hypotheses of Leaders

The leader’s conceptual model is shown in Figure 1.
Reputation is formed by patients’ feedback on a doctor’s service quality, so it is a kind of

information including doctor service quality. Online health platforms are set with scoring, likes,
comments, and other functions so that patients who have received online medical services can give
feedback on the services they have received. This kind of feedback may include a doctor’s medical level
and service attitude. Online medical services are a kind of trust product. Patients have no accurate
judgment on the service quality of doctors in advance. Users’ online feedback can alleviate information
asymmetry and increase patients’ trust in doctors. Patients’ satisfaction with mobile Internet services
and willingness to continue using mobile Internet services have a significant positive impact on word
of mouth [20]. A good reputation is usually obtained by a high level of diagnosis and treatment and a
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positive service attitude [34]. Therefore, a doctor’s reputation is usually positively related to his or her
service quality (diagnosis and treatment level and service attitude). So, having a high reputation can
increase the chance of being selected by patients.

Figure 1. Conceptual model of leader.

Hypothesis 1. There is a positive correlation between the focal doctor’s reputation and appointment numbers.

In a team, leaders and other team members have similar goals and means. They all compete for a
patient’s choice by displaying online information in the online medical service platform. Therefore,
there is a dependency between the leader and the rest of the team. This dependence may be positive or
negative. For the leader, the impact of the reputation of ordinary doctors in his or her team on his
or her number of appointments may be positive or negative. On the one hand, ordinary doctors on
the team belong to the same team as the leader. Their reputation together forms the reputation of
the whole team. Improving the reputation of the team can also increase the chance that the leader is
selected. At this time, he or she and ordinary doctors on the team form a cooperative relationship.
On the other hand, when the reputations of ordinary doctors on the team are high enough, it shows
that, in addition to the leader, there are many ordinary doctors with high service quality on the team
for patients to choose from. At this point, there is a competitive relationship between the leader and
the rest of the team. At this time, improving the reputation of ordinary doctors is detrimental to the
number of appointments of the leader. Therefore, this paper believes that there is a theoretical basis for
an inverted U-shaped relationship between ordinary doctors and leaders. Over time, we assume that
the number of appointments for leaders will decrease as the reputation of ordinary doctors on the
team increases to a certain value. Therefore, we assumed the following:

Hypothesis 2. There is a nonlinear relationship (inverted U-shaped relationship) between the ordinary doctors’
reputations on the team and the focal doctor’s appointment numbers.

2.1.2. Hypotheses of Ordinary Doctors

The ordinary doctor’s conceptual model is shown in Figure 2.
The patient’s feedback to the service of the ordinary doctor includes the service quality,

service attitude, and other information in the online medical process of the ordinary doctor. During the
appointment process, the patient can increase the understanding and trust of the ordinary doctor
through his or her reputation. Therefore, we proposed the following assumptions:

Hypothesis 3. There is a positive correlation between the focal doctor’s reputation and appointment numbers.

In our research, most of the leaders are well-known experts from high-level hospitals that have
formed a brand effect. Leader reputation has a positive effect on team performance [35]. That is to say,
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the reputation of the team leader has a positive spillover effect on the number of appointments of the
ordinary doctor. When patients make a choice among these doctors, the reputation of the leader can be
transferred to the quality assessment of ordinary doctors. The reputation of the leader is equivalent to
the brand of the team, which can attract patients to choose the team and then increase the chance of the
ordinary doctor of the team to be selected. To this end, we proposed the following assumptions:

Hypothesis 4. The reputation of the team’s leader has a positive impact on the focal doctor’s appointment numbers.

In a medical team, doctors have similar goals and means, so they are dependent on each other.
Therefore, the reputation of other ordinary doctors on the team will have a spillover effect on their own
performance, which may be positive or negative. On the one hand, because they belong to the same
team, their reputations add up to form the reputation of the whole team. At this time, the team doctors
form a cooperative relationship. On the other hand, when the reputation of other ordinary doctors on
the team is high enough, there is a competitive relationship between focal doctor and other ordinary
doctors on the team. This paper argues that there is a theoretical basis for the inverted U-shaped
relationship between other ordinary doctors on the team and the appointment quantity of the focal
doctor. Therefore, we assumed the following:

Hypothesis 5: There is a nonlinear relationship (inverted U-shaped relationship) between other ordinary
doctors’ reputations on the team and the focal doctor’s appointment numbers.

Figure 2. Conceptual model of ordinary doctor.

2.2. Research Methodology

2.2.1. Variables’ Design

When the leader is the focal doctor, the dependent variable is his/her cumulative appointment
numbers (APPT) and the independent variable is his/her own reputation (Rep) and ordinary doctors’
average reputations on the team (O_rep). When the ordinary doctor is the focal doctor, the dependent
variable is his/her cumulative appointment numbers (APPT) and the independent variable is his/her
own reputation (Rep), leader’s reputation (Leader_rep), and other ordinary doctors’ average reputations
on the team (Oo_rep).

Reputation was measured by two indicators: doctors’ likes and scores. The patient can like and
rate the doctor on the doctor’s homepage after being served. Since these two variables may have
different ranges, they are standardized and then averaged to create a composite variable.
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Control variables at the individual level include the title, hospital level, city level, department,
and review numbers and at the team level include team size. Tables 1 and 2 are variables’ description
of leaders and ordinary doctors.

Table 1. Variables’ description of leaders.

Variables Variables Symbol Explanation

Dependent variable APPT The cumulative number of patients who have made a
appointment with the focal doctor.

Independent Rep
Reputation of the focal doctor was obtained by

averaging the number of likes and score of the focal
doctor after standardization.

variables O_rep

The average reputation of other doctors in the team
except the focal doctor, that is, the average reputation

of all ordinary doctors. It is calculated as follows.
For each team, we first sum up the reputation of all

members of the team, then subtract the reputation of
the focal doctor, and divide the value obtained by the

number of team members minus 1.

O_rep2 The square of the average reputation of all ordinary
doctors on the team.

Control variables Title 1 to 5, with 1 being the lowest and 5 being the highest.
City 1 to 7, with 1 being the lowest and 7 the highest.

Hosp 1 to 4, with 1 being the lowest and 4 the highest.
Rev The number of reviews received by the focal doctor.

TeamSize The number of people of the team.

Notes: APPT = number of appointments; Rep = online reputation; O_rep = the average reputation of all ordinary
doctors in the team; O_rep2 = The square of the average reputation of all ordinary doctors on the team; City = city
level; Hosp = hospital level; Rev = review number; TeamSize = team size.

Table 2. Variables’ description of ordinary doctors.

Variables Variables Symbol Explanation

Dependent variable APPT The cumulative number of patients who have made
an appointment with the focal doctor.

Rep
Reputation of the focal doctor was obtained by

averaging the number of likes and score of the focal
doctor after standardization.

Independent Leader_rep The reputation of the leader physician on the team.

variables Oo_rep

The average reputation of other doctors in the team
except the focal doctor and the leader doctor, that is,

the average reputation of other ordinary doctors
except the focal doctor. For each team, we first sum
up the reputation of all members of the team, then
subtract the reputation of the focal doctor and the

reputation of the leader doctor, and divide the value
obtained by the number of people in the team minus

the value after 2.

Oo_rep2 The square of the average reputation of other
ordinary doctors on the team.

Control variables Title 1 to 5, with 1 being the lowest and 5 being the highest.
City 1 to 7, with 1 being the lowest and 7 the highest.

Hosp 1 to 4, with 1 being the lowest and 4 the highest.
Rev The number of reviews received by the focal doctor.

TeamSize The number of people of the team.

Notes: APPT = number of appointments; Rep = online reputation; Oo_rep = the average reputation of other
ordinary doctors in the team; Oo_rep2 = The square of the average reputation of other ordinary doctors on the team;
City = city level; Hosp = hospital level; Rev = review number; TeamSize = team size.
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2.2.2. Empirical Model and Test Method

For the leader:

APPT = β0+ β1Title + β2 HospitalLevel + β3CityLevel + β4ReviewNumber + β5TeamSize
+ β6Reputation + β7O_rep + β8Reputation ∗ O_rep + Department dummies + ε,

(1)

For the ordinary doctor:

APPT = β0 + β1Title + β2 HospitalLevel + β3CityLevel + β4 ReviewNumber + β5 TeamSize
+ β6 Reputation + β7 Leader_Rep + β8 Oo_rep + β9 Reputation ∗ Leader_rep + β10 Reputation

* Oo_rep + β11 Leader_Rep ∗ Oo_rep + Departmentdummies + ε,
(2)

In most empirical identification of U-shaped relationships, researchers will include a nonlinear
(usually quadratic) term in a standard linear regression model [36–38]. If this term is significant, and the
estimated extreme point is within the data range, it is considered that there is a U-shaped relationship.
Therefore, we add the quadratic term to the empirical model to perform a standard regression analysis
to test whether the quadratic term is significant to test whether the extreme points are within the
data range.

However, Lind and Mehlum demonstrated that this standard is too weak [39]. When the true
relationship is convex and monotonous, the model estimate will erroneously produce an extreme
point and a U-shaped relationship. Lind and Mehlum used the general framework developed by
Sasabuschi to test whether there is a U-shaped and inverted U-shaped relationship between two
variables, and used this test principle to write the utest test command [39]. Utest provides an “exact
test” for the existence of a U-shaped (or inverted U-shaped) relationship in an interval. Therefore,
we continued to use the utest command to perform an inverted U test of our empirical model.

3. Results

3.1. Results for Leaders

3.1.1. Descriptive Statistic and Correlation for Leaders

The descriptive statistics and correlations for the key variables used in leader’s research model
are presented in Tables 3 and 4.

Table 3. Description statistics of leaders.

Variable Obs Mean Std. Dev. Min Max

APPT 6103 543.64 2538.225 0.00 63,812
Rep 6103 0.196 1.072 −0.353 25.498

O_rep 6103 −0.094 0.831 −0.489 20.558
O_rep2 6103 0.699 6.849 0.00 422.621

Rev 6103 54.337 267.715 0.00 11,328
TeamSize 6103 5.107 3.025 1 88

Title 6103 4.774 0.433 1 5
Hosp 6103 2.978 0.164 1 3
City 6103 5.397 1.244 1 7

Note: APPT = number of appointments; Rep = online reputation; O_rep = the average reputation of all ordinary
doctors in the team; O_rep2 = The square of the average reputation of all ordinary doctors on the team; City = city
level; Hosp = hospital level; Rev = review number; TeamSize = team size, Obs = observation, Std. Dev. = Standard
Deviation, Min = minimum, Max= maximum.

3.1.2. Regression Results of Leader’s Research Model

Linear regression and hierarchical multiple regressions were used to estimate empirical results,
while statistical significance was established at a p-value less than 0.05. All data were analyzed
using STATA.
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Table 4. Matrix of correlations of leaders.

Variables (1) (2) (3) (4) (5) (6) (7) (8) (9)

(1) APPT 1.000
(2) Rep 0.515 1.000
(3) O_rep 0.377 0.374 1.000
(4) O_rep2 0.114 0.073 0.672 1.000
(5) Rev 0.810 0.543 0.346 0.120 1.000
(6) TeamSize 0.082 0.159 0.047 −0.014 0.103 1.000
(7) Title 0.048 0.073 0.052 0.010 0.025 0.112 1.000
(8) Hosp 0.022 0.023 0.028 0.009 0.015 0.002 0.053 1.000
(9) City 0.197 0.270 0.227 0.026 0.177 0.022 0.026 −0.038 1.000

Note: APPT = number of appointments; Rep = online reputation; O_rep = the average reputation of all ordinary
doctors in the team; O_rep2 = The square of the average reputation of all ordinary doctors on the team; City = city
level; Hosp = hospital level; Rev = review number; TeamSize = team size.

The regression results for the team leader are shown in Table 5. At this time, ordinary doctors
on the team refer to doctors other than the leader on the team. From Model 2, it is noted that Rep
(β = 0.0495, p > 0.1) has no effect on APPT. This may be because most leaders have busy offline tasks
and limited online appointment opportunities. Therefore, their appointment numbers will not increase
with his/her reputation’s improvement. H1 is not supported (H1: There is a positive correlation between
the focal doctor’s reputation and appointment numbers.).

Table 5. Results of regression analyses of leaders.

(1) (2)

model1 model2

Title 0.233 *** 0.218 ***
(0.0591) (0.0589)

City 0.328 *** 0.306 ***
(0.0199) (0.0198)

Hosp 0.212 0.178
(0.146) (0.142)

lnRev 0.992 *** 0.898 ***
(0.0178) (0.0304)

lnTeamSize 0.167 ** 0.164 **
(0.0804) (0.0802)

Rep 0.0455
(0.0527)

O_rep 0.472 ***
(0.0689)

O_rep2 −0.0364 ***
(0.0115)

_cons −3.326 *** −2.825 ***
(0.529) (0.521)

N 6103 6103
R2 0.552 0.559

Note: The numbers in the tables are mostly beta-values. The numbers in brackets are the standard errors. Department
virtual variables are included in the model but are not shown in the table.; ** p < 0.01, *** p < 0.001; APPT = number
of appointments; Rep = online reputation; O_rep = the average reputation of all ordinary doctors in the team;
O_rep2 = The square of the average reputation of all ordinary doctors on the team; City = city level; Hosp = hospital
level; Rev = review number; TeamSize = team size.

The coefficient of O_rep ‘s quadratic term (β = −0.0363 ***, p < 0.01) is negative and significant.
This implies that the relationship between O_rep and APPT is nonlinear. Ordinary doctors’ reputations
have an inverted U relationship with the focal doctor’s appointment numbers on the team, indicating
that H2 is confirmed and in line with the social Interdependence theory (H2: There is a nonlinear
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relationship (inverted U-shaped relationship) between the ordinary doctors’ reputations on the team and the focal
doctor’s appointment numbers.).

We used the utest command to test the inverted U-shaped curves in the empirical models.
For the leader’s model, we tested the inverted U-shaped relationship between O_rep and APPT,

and we saw that the extreme point was 6.477 and the range of O_rep was [−0.489, 20.557]. It can
be seen that the extreme point is within the data range. p >|t| = 0.00802, the result is significant at a
statistical level of 5%, which proves that there is an inverted U-shaped relationship between O_rep and
APPT. The utest results for leader doctors are shown in Table 6.

Table 6. U–test results of leader.

Dependent Variable: APPT

Test: H1: Inverse U Shape vs. H0: Monotone or U Shape

Specification: f(x) = xˆ2
Extreme Point: 6.477339

Lower bound Upper bound

Interval −0.4888113 20.55774

Slope 0.507623 −1.026038

t-value 6.543666 −2.408667

p > |t| 3.25 × 10-11 0.0080203

Overall test of presence of a Inverse U shape:
t-value = 2.4

p > |t| = 0.00802

95% Fieller interval for extreme point: [4.5529598;
13.757446]

3.2. Results for Ordinary Doctors

3.2.1. Descriptive Statistic and Correlation for Ordinary Doctors

The descriptive statistics and correlations for the key variables used in ordinary doctors’ research
model are presented in Tables 7 and 8.

Table 7. Description statistics of ordinary doctors.

Variable Obs Mean Std. Dev. Min Max

APPT 25,040 254.081 1,846.458 0 70,117
Rep 25,040 −0.048 0.713 −0.353 26.053

Leader rep 25,040 0.016 0.827 −0.479 13.106
Oo rep 25,040 0.027 0.815 −0.329 34.38

Oo rep2 25,040 0.666 12.253 0 1182.011
Rev 25,040 30.975 220.643 0 12,499

TeamSize 25,040 7.326 7.553 2 88
Title 25,040 3.678 0.915 1 5
Hosp 25,040 2.958 0.241 1 3
City 25,040 5.381 1.277 1 7

Notes: APPT = number of appointments; Rep = online reputation; Oo_rep = the average reputation of other
ordinary doctors in the team; Oo_rep2 = The square of the average reputation of other ordinary doctors on the
team; City = city level; Hosp = hospital level; Rev = review number; TeamSize = team size, Obs = observation,
Std. Dev. = Standard Deviation, Min = minimum, Max= maximum.
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Table 8. Matrix of correlations of ordinary doctors.

Variables (1) (2) (3) (4) (5) (6) (7) (8) (9) (10)

(1) APPT 1.000
(2) Rep 0.497 1.000
(3) Leader_rep 0.252 0.360 1.000
(4) Oo_rep 0.301 0.358 0.318 1.000
(5) Oo_rep2 0.058 0.040 0.026 0.658 1.000
(6) Rev 0.716 0.530 0.217 0.244 0.048 1.000
(7) TeamSize 0.015 0.031 0.296 0.004 −0.015 0.018 1.000
(8) Title 0.110 0.184 −0.001 0.061 0.002 0.057 −0.062 1.000
(9) Hosp 0.023 0.038 −0.115 0.002 0.003 0.004 −0.243 0.090 1.000
(10) City 0.138 0.247 0.237 0.197 0.010 0.113 −0.088 0.070 −0.023 1.000

Notes: APPT = number of appointments; Rep = online reputation; Oo_rep = the average reputation of other
ordinary doctors in the team; Oo_rep2 = The square of the average reputation of other ordinary doctors on the team;
City = city level; Hosp = hospital level; Rev = review number; TeamSize = team size.

3.2.2. Regression Results of Ordinary Doctors’ Research Model

The regression results for ordinary doctors are shown in Table 9. From Model 4, it is noted
that Rep (β = 0.329, p < 0.01) and Leader_rep (β = 0.318, p < 0.01) have a positive effect on APPT.
Therefore, H3 and H4 are supported (H3: There is a positive correlation between the focal doctor’s reputation
and appointment numbers. H4: The reputation of the team’s leader has a positive impact on the focal doctor’s
appointment numbers.).

Table 9. Results of regression analyses of ordinary doctors.

(3) (4)

Model3 Model4

Title 0.493 *** 0.512 ***
(0.0118) (0.0114)

City 0.234 *** 0.175 ***
(0.00751) (0.00727)

Hosp 0.216 *** 0.319 ***
(0.0327) (0.0325)

lnRev 0.810 *** 0.548 ***
(0.0120) (0.0324)

lnTeamSize 0.113 *** −0.0153
(0.0229) (0.0230)

Rep 0.334 ***
(0.0836)

Leader_rep 0.316 ***
(0.0243)

Oo_rep 0.481 ***
(0.0364)

Oo_rep2 −0.0194 ***
(0.00396)

_cons −3.560 *** −3.116 ***
(0.142) (0.138)

N 25,040 25,002
R2 0.492 0.525

Note: The numbers in the tables are mostly beta values. The numbers in brackets are the standard errors. Department
virtual variables are included in the model but are not shown in the table; *** p < 0.001.
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Further, we note that the coefficient of Oo_rep’s quadratic term (β = −0.0198, p < 0.01) is negative
and significant. It means that the relationship between Oo_rep and APPT is nonlinear. Oo_rep has
an inverted-U relationship with focal doctor’s appointment numbers on the team, indicating that H5
is confirmed and in line with the social Interdependence theory (H5: There is a nonlinear relationship
(inverted U-shaped relationship) between other ordinary doctors’ reputations on the team and the focal doctor’s
appointment numbers.).

We used the utest command to test the inverted U-shaped curves in the empirical models.
For the ordinary doctor’s model, we tested the inverted U-shaped relationship between Oo_rep

and APPT, and we can see that the extreme point is 12.381 and the range of Oo_rep is [–11.467, 34.380].
It can be seen that the extreme point is within the data range. p >|t| = 0.000262, the result is significant at
a statistical level of 5%, which proves that there is an inverted U-shaped relationship between Oo_rep
and APPT. The utest results for leader doctors are shown in Table 10.

Table 10. Utest results of ordinary doctors.

Dependent Variable: APPT

Test: H1: Inverse U shape vs. H0: Monotone or U Shape

Specification: f(x) = x ˆ 2
Extreme Point: 12.38148

Lower bound Upper bound

Interval −11.46711 34.38039

Slope 0.92726 −0.8553423

t-value 7.7152 −3.468163

p > |t| 6.25 × 10−15 0.0002625

Overall test of presence of a Inverse U shape:
t-value = 3.47
p > |t| = 0.000262

95% Fieller interval for extreme point: [9.6079864; 18.563818]

4. Discussion

In this paper, the doctors in an online medical team were divided into the leaders and ordinary
doctors. When the leader was the focal doctor, we studied the influence of the reputation of the focus
doctor and the reputation of ordinary doctors on the team on the number of appointments of the focal
doctor. The main findings were as follows.

The focal doctor’s reputation has no impact on his or her own appointment numbers, which means
that his or her appointment numbers will not change due to his or her reputation. The leader doctor
who takes the lead in setting up the online medical team is ordinarily a senior expert with rich
experience in diagnosis and treatment and high social status. When a patient makes an appointment,
the reputation of the leader doctor is not the main consideration of the patient. Another possible
explanation is that the leader doctor is usually a senior expert, with busy offline tasks and limited
appointment opportunities on the Internet. Due to the ceiling effect, the number of online appointments
of the leader doctor will not increase with the improvement of senior reputation.

The relationship between the reputation of ordinary doctors on the team and the focal doctor’s
appointment numbers is nonlinear, showing an inverted U-shaped relationship. This means that when
the reputations of ordinary doctors on the team are at a low level, the reputations of ordinary doctors on
the team have a positive spillover effect on the number of appointments of the focal doctor. At this time,
these doctors cannot compete with the focal doctor. The higher the reputation of ordinary doctors on
the team, the higher the focal doctor’s appointment numbers, and the cooperative relationship between
them; when the reputations of ordinary doctors on the team are high, the reputations of ordinary
doctors on the team have a negative spillover effect on the focal doctor’s appointment numbers. A high
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reputation represents a high quality of service. At this time, the service quality of ordinary doctors is
also very high. They form a competitive relationship with the focal doctor.

When the ordinary doctor was the focal doctor, we studied the influence of his/her reputations,
his/her leader’s reputation, and other ordinary doctors’ reputations on his/her number of appointments.
The main findings are as follows.

The focal doctor’s reputation has a positive impact on his/her own appointment numbers.
This means that the number of appointments for ordinary doctors increases with their reputation.
For ordinary doctors, online reputation reflects their service quality. The higher the online reputation
is, the higher the service quality is and the chance of being selected by patients increases. As a result,
the number of appointments for ordinary doctors will increase with their reputations.

The reputation of the leader doctor has a positive impact on the focal doctor’s appointment
numbers. This means that in an online health care team, the higher the reputation of the leader doctor,
the higher the focal doctor’s appointment numbers. As the brand of the team, the leader doctor has a
greater visibility impact. The higher his or her reputation is, the more opportunities his/her team’s
doctors have to be selected.

There is a nonlinear relationship (inverted U-shaped relationship) between the reputation of
other ordinary doctors on the team and the number of appointments of the focal doctor on the
team. This means that when the reputations of other ordinary doctors on the team are at a low level,
the reputations of other ordinary doctors on the team have a positive spillover effect on the number of
appointments of the focal doctor. At this time, other ordinary doctors on the team are not enough to
pose a competitive threat to the focal doctor; when the reputations of other ordinary doctors on the
team are high, the reputations of other ordinary doctors on the team have a negative spillover effect
on the number of appointments of the focal doctor. At this time, other ordinary doctors on the team
compete with the focal doctor.

5. Conclusions

5.1. Key Findings

There were several major findings in this study. For a leader doctor, his/her appointment numbers
are not related to his/her own reputation, and there was an inverted U-shaped relationship with the
ordinary doctors’ reputations on the team. For an ordinary doctor, his/her appointment numbers
were positively correlated with his/her own reputation and positively correlated with his/her leader’s
reputation and there was an inverted U-shaped relationship with the other ordinary doctors’ reputations.
The research shows that there is a positive spillover effect on the team leaders’ reputation. There are
two relationships between team doctors: competition and cooperation. This study provides guidance
for the leader to select team members and the ordinary doctor to select a team.

5.2. Implications for Research

Online medical team is a new model of online health care. It is important to help hierarchical
treatment, balance medical resources, and improve medical efficiency. Existing research has focused
on the overall performance of the team [1,27]. However, there are few studies on team member
relationships in this field. This study examined the impact of teammates’ online reputations on
physicians’ online appointment numbers. It is important not only for doctors but also for platform
providers of electronic consultation websites to understand the factors that affect doctors’ online
reputations because it is a goal of platform providers to stimulate doctors to continue to participate
and provide services.

Second, our research adds new insights to existing reputation theories. Previous research on online
market reputation has focused on the analysis of individuals. Our research reveals the importance
of member interaction. Our results provide evidence that teammates’ online reputations affect the
focal doctor’s appointment numbers. This result suggests that when we study individuals in a team,
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we should bring the individual into the organizational environment and consider the influence of other
team members.

This study expands and enriches the scope and meaning of the application of social
interdependence theory. Social interdependence theory is mainly applied in the fields of psychology,
education, and physical education. This study extends the social interdependence theory to the
online health. This study explored the influence of the teammates’ reputations on the focal doctor’s
appointment numbers. We found that there are two types of dependence between the leader doctor
and the general doctor and between the general doctor and the general doctor, namely competition
and cooperation.

5.3. Practical Significance

For the leader doctor, the results show that the leader doctor’s own reputation has no effect on the
number of appointments. This suggests that the leader doctor does not need to spend too much effort
on reputation building. An increase in the reputation of an ordinary doctor whose reputation is in the
lower range has a positive spillover effect on the leader doctor’s appointment numbers. An increase in
the reputation of an ordinary doctor whose reputation is in the higher range has a negative spillover
effect on the leader doctor’s appointment numbers. Therefore, the leader doctor may select the ordinary
doctor with a medium reputation as his/her member.

For ordinary doctors, both their own reputations and the leader doctors’ reputation have a positive
impact on their appointment numbers. Therefore, ordinary doctors can concentrate on improving
their service quality to help improve their reputation. They can also choose to join a team of the leader
with a high reputation. There is a nonlinear relationship (inverted U-shaped relationship) between
the reputation of other ordinary doctors on the team and the focal doctor’s appointment numbers.
It shows that when the reputations of other ordinary doctors on the team are at a low level, there is a
cooperative relationship between them. When the reputations of other ordinary doctors on the team
are at a high level, there is a competitive relationship. Therefore, a team with low reputations among
other ordinary doctors on the team should be selected to join.

For designers and providers of online health platforms, this research helps them retain doctors
and promote the prosperity of the platform. The results can help designers and providers of online
health platforms understand how to improve the performance of doctors, especially how to help
specific groups of doctors improve their performance. For example, a recommendation mechanism can
be set up to recommend young doctors and general doctors with low reputations to the leader doctor
as team members. It can also recommend online medical teams for young doctors and general doctors
based on the reputation of the leader doctor and the overall reputations of the team’s ordinary doctors.

6. Limitations and Future Work

(1) A multilevel approach was not possible due to a lack of data on the team level. Since the website
currently does not have team-level data, we were unable to design team-level variables. We believe
that the data will be enriched with the improvement of website. Once the team-level data are available,
we will consider further adding the team-level variables to our study for multilevel analysis.

(2) This study examined the effect of teammates’ reputations on the focal doctor’s appointment
numbers. Since other attributes of teammates may also have an effect on the focal doctor’s appointment
numbers, such as teammates’ effort and status. In a future study, we intend to examine the effect of
other attributes of teammates, such as teammates’ effort and status, on the focal doctor’s appointment
numbers. This will further enrich the social interdependence theory.

(3) This study examined only Guahao.com’s team of experts. Future research could be extended
to medical teams or organizations on other online platforms. For example, China’s haodf.com has
established a similar online medical team. To test whether our findings are still valid in other
circumstances, we considered collecting data from other online health care platforms for future studies.

(4) Due to data limitations, cross-sectional data were used in this study. It is possible that some of
the independent variables relevant to our work may have been missed. The panel data can effectively
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reduce or eliminate the impact of this problem. Therefore, the panel data will be considered for
further research.
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Abstract: Clinical competencies consisting of skills, knowledge, and communication techniques
should be acquired by all medical graduates to optimize healthcare quality. However, transitioning
from observation to hands-on learning in clinical competencies poses a challenge to medical students.
The aim of this study is to evaluate the impact of a novel interactive multimedia eBook curriculum in
clinical competency training. Ninety-six medical students were recruited. Students in the control
group (n = 46) were taught clinical competencies via conventional teaching, while students in the
experimental group (n = 50) were taught with conventional teaching plus interactive multimedia
eBooks. The outcomes of clinical competencies were evaluated using Objective Structured Clinical
Examination (OSCE) scores, and feedback on their interactive eBook experiences was obtained. In the
experimental group, the average National OSCE scores were not only higher than the control group
(214.8 vs. 206.5, p < 0.001), but also showed a quicker improvement when comparing between three
consecutive mock OSCEs (p < 0.001). In response to open-ended questions, participants emphasized
the importance of eBooks in improving their abilities and self-confidence when dealing with ‘difficult’
patients. Implementing interactive multimedia eBooks could prompt a more rapid improvement
in clinical skill performance to provide safer healthcare, indicating the potential of our innovative
module in enhancing clinical competencies.

Keywords: eBooks; medical education; clinical competencies; interactive; e-learning

1. Introduction

The two essential bonds in health care and medical education—doctor–patient and teacher–learner
relationships—have been at the core of medicine for decades. As patients rightfully trust the systems
to adequately train doctors that are caring for them, the focus on establishing patient safety in medical
education can provide confirmation of that trust, and therefore is of interest among medical educators.
Furthermore, e-learning has become increasingly utilized in medical education globally, and educators
must embrace the need for strategic improvement if knowledge for healthcare safety is to find its way
to their students [1]. As many rapid advances in online medical educational systems have been made,
there are several e-learning resources to provide different strategies for medical students to enhance
their knowledge and performance [2–4]. Therefore, the question of its effectiveness and its integration
into the medical education curriculum is a matter of importance [5–7].
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Emphasis on patient safety and high-value care necessitates the acquisition of clinical skills,
knowledge and attitudes as competencies in medical practice. During the final years of study, medical
students are required to do rotations at hospitals and clinics, and play an active role in patient care.
The concept of competencies is important as it implies a developmental transition from a medical
student to, ultimately, a skilled and expert practitioner. To evaluate the complex notion of clinical
competence, the Objective Structured Clinical Examination (OSCE) has developed into a mainstream
assessment method in the education and licensing of physicians. OSCE testing has quickly become
the standard process of certification, and is a part of the Medical Licensing Examination for medical
graduates in various regions, including the U.S., Canada, the United Kingdom, and Taiwan. In 2011,
the Taiwan Medical College Accreditation Council established 81 clinical competencies that should
be acquired upon graduating. The clinical competencies included fields in physical examination
skills, image interpretations, laboratory diagnosis techniques, procedure skills, treatment techniques
and other activities [8,9]. Although the learning objectives are clearly defined, there is still a lack of
well-organized curriculums to teach the clinical competencies, which in turn could result in inadequate
clinical skills and poor doctor–patient relationships. A study has reported that 55.9% of students
were confident that they had acquired the clinical skills required to become a resident, and 70.7%
were satisfied with the quality of their medical education [10]. As such, in order to acquire sufficient
knowledge and clinical skills, medical students have to spend more time self-studying clinical skills.
Medical schools may also hold small sets of OSCE testing to help students in clinical competency
training and to also pass the required assessment. However, the labor- and resource-intensive nature of
OSCE testing makes it difficult for most medical schools to consistently invest this amount of time and
money [11]. For example, Quebec Medical College reported spending USD 1080 for each student in a
comprehensive OSCE [12]. Therefore, not only is it important to integrate clinical competencies into a
new curriculum to help students, but also to provide students with suitable self-studying learning
resources to optimize healthcare quality and patient safety.

Thanks to the advances in network technology, medical students are able to enhance their
knowledge on patient care by e-learning nowadays. Ekenze et al. reported that most medical students
are familiar with Internet tools and use them for learning, and they believe that the tools may be
useful in integrating e-learning modality in the traditional mode of surgical education [13]. In fact,
administrators and learners both find that e-learning enhances the teaching and learning experience [2].
E-learning is more efficient in allowing learners to gain knowledge and skills faster than traditional
instructor-led methods [2,14]. In turn, this efficiency may be converted into improved motivation
for learning. Evidence further suggests that e-learners have demonstrated increased retention rates
and better utilization of content, resulting in better learning outcomes [14]. Furthermore, e-learners
can select from a large variety of multimedia designs, including interactivity, feedback, and practice
exercises to accommodate their different learning styles. This advantage in e-learning improves content
accessibility, provides a personalized learning experience, further ensuring students are equipped with
the knowledge, skills and attitudes necessary to function safely [15,16].

Despite the many benefits of e-learning, one problem is often faced: e-learning generally provides
passive ways of learning, which lacks interactive instructional strategies and one-on-one guidance [3,17].
It is acknowledged that interactive learning offers a stronger learning reinforcement and helps to
maintain the learner’s interest [2]. For medical students to develop clinical competencies, they should
learn by relating acquired knowledge to clinical experiences, and further applying these skills in
daily practice [2,18]. Therefore, classes in empathy, medical knowledge, patient care, clinical skills,
and communication are integrated into the curriculum in medical schools, and the use of simulated
models or standardized patients places theory in a clinical scenario [19]. However, at present, there are
no practical interactive, self-studying tools for strengthening clinical competencies.

In this study, an eBook editing software (SimMAGIC eBook, Hamastar technology company,
Taiwan) with simple and highly customizable interface was employed to create 81 interactive multimedia
eBooks for training and learning clinical competencies. This eBook software has a wide array of
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editing functions and enables editors to produce a simulative eBook by integrating various forms of
multimedia into each eBook. Students are required to take simulated tests by interacting with the
content in eBooks, and initial feedback could be given immediately to enhance the learning experience.
A learning-management system was also designed to track the students’ outcome assessments [20].
The aim of this study is to investigate the effect of interactive eBooks on the enhancement of clinical
competencies, and their impact on the students’ OSCE performance. The second objective of this study
is to provide a further understanding of how the interactive eBooks are perceived by medical students
in practical healthcare settings.

2. Materials and Methods

2.1. Study Design and Participants

The participants enrolled in this study were medical students who were in their final year of
medical school and doing clinical rotations in Kaohsiung Chang Gung Memorial Hospital, Taiwan.
The control group consisted of 46 students who were taught clinical skills via conventional teaching,
which consisted of teaching through direct patient care by a group of clinical teachers and senior
physicians. The experimental group consisted of 50 students, which were taught by conventional
teaching plus interactive multimedia eBooks. The learning outcomes of clinical competencies were
evaluated using mock OSCEs and OSCE scores in the Taiwan’s National Medical Licensing Examination
(National OSCE) to measure the clinical skill performance. Three mock OSCEs were held by Kaohsiung
Chang Gung Memorial Hospital in August, November, and February. In the end, their final performance
of clinical competencies was evaluated by the National OSCE. For an in-depth understanding of
student experience with the eBooks, students in the experimental group were asked to perform a pre-
and post-test included in each eBook session and anonymously answer a Likert-scale questionnaire.
The experimental timeline is illustrated in Figure 1.
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In this study, we used SimMAGIC eBook software to create 81 interactive multimedia eBooks for
learning clinical skills. SimMAGIC eBook editing software was introduced in a previous study [20],
allowing editors to use various interactive functions such as drag and drop, filling in the blanks,
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matching and sorting exercises, pop-ups, animations, and clips of audio and videos to create eBooks
(Figure 2). The saved eBook can be edited or updated anytime, and anyone can use the eBook software.
In this program, at first, we collected the PowerPoint slides of clinical competencies from clinical
teachers. The contents were classified into different fields including physical examination (31 topics),
visual image interpretation (6 topics), laboratory examination (8 topics), procedure skills (16 topics),
therapeutic skills (14 topics) and others (6 topics). The contents were reviewed by other clinical teachers,
who made sure the contents followed and covered the learning objectives.
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Next, we integrated multimedia resources such as PowerPoint text, images, video, and audio into
each interactive multimedia eBook, and emphasis was given to transitioning passive and instructor-led
lectures into simulative and interactive educational materials (Figure 3). Afterwards, we uploaded
the newly created eBooks to a Bookshelf Management Cloud Platform, which was compatible with
eBook file formats. The eBooks can be downloaded to PC, tablets and mobile phones anytime
and anywhere, permitting increased accessibility. A learning-management system is available on
the platform, allowing medical educators to track the learners’ accession of each module and their
achievement of competencies. The Bookshelf Management Cloud Platform enables offline reading,
and the offline user history is recorded and uploaded to the platform upon connection to the Internet.

In both groups, learning outcomes of clinical competencies were accessed by holding 3 mock
OSCEs to measure the learners’ clinical skill performance; the first mock OSCE was conducted on
participants prior to commencement of the study, the second was arranged during the study period,
and the third mock OSCE was held before the approaching National OSCE. National OSCE scores
were also taken into account in both the control and experimental groups. In the experimental group,
besides participants being asked to complete a pre-test and a post-test which were included in each
eBook learning session, the students also took a feedback questionnaire on eBook satisfaction and its
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impact in healthcare practice near the end of the study period. Each student was given a different
username and password for the eBook module in order to track their learning process individually.Healthcare 2020, 8, x 5 of 12 
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and interactive scenarios with instructive feedback.

2.2. Data Collection

We modified the Kirkpatrick model to evaluate the outcome of our interactive multimedia eBooks
using two major approaches: learning outcomes and self-reported measures in confidence and dealing
with problems of patients [21]. Learning outcomes were assessed by average scores of pre-test and
post-test and cognitive learning gain. The short tests consisted of 5 multiple-choice questions prepared
by the educator, and they were given to the students before and after participating in our eBook
module. We used the pre/post-test to determine cognitive gain during eBook learning. According
to Hake’s criteria for effectiveness of educational intervention, absolute learning gain (%post-test
score −%pre-test score) and class-average normalized gain (%post-test score −%pre-test score) / (100
− %pre-test score) were also calculated. A class-average normalized gain of 30 % was considered
significant [22].
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A 19-item questionnaire was designed to investigate the students’ reactions to eBooks. The first
part of the questionnaire consisted of 8 items regarding the quality of teaching material and their
attitudes towards how helpful the eBooks were when they were performing clinical competencies
in practical settings. The second part involved 5 items, which assessed the participants’ perception
in raising confidence during clinical practice and in developing good doctor–patient relationships.
The last part of the questionnaire contained 6 items regarding the eBook platform user interface and
the manner of eBook interactive content delivery. Participants rated their responses on a five-point
Likert scale, with 5 being strongly agree and 1 being strongly disagree. Additional qualitative data
were collected from written responses from open-ended questions on the impact of eBooks on their
practice at the end of the self-assessment questionnaire.

2.3. Data Analysis

We compared the pre/post-test data and National OSCE scores using Student t-test. The ANOVA
test was used to determine significant differences in mock OSCE scores, and Fisher’s least significant
difference (LSD) was used for post hoc comparisons. A p value of < 0.05 was considered statistically
significant. All statistical analyses were conducted using SPSS version 20 (SPSS Inc., Chicago, IL, USA).

3. Results

Ninety-six medical students performing clinical rotations took part in this study. Twenty-three
percent of the participants were female and 77% were male. Through the three mock OSCEs held in
the study period, both groups showed significant improvement (control group, p = 0.006; experimental
group, p < 0.001) (Table 1). The average scores of the 46 participants in the control group showed
a significant difference when comparing the third mock OSCE to the first one (p < 0.001) (Figure 4).
In the experimental group, a significant improvement was found between the second and first mock
OSCE (p < 0.001), and the third and the first mock OSCE scores (p < 0.001) (Figure 4). Last but not
least, all of the participants in our study passed the National OSCE; the average OSCE scores in the
experimental group were higher than the scores in the control group (214.8 in the experimental group
vs. 206.5 in the control group, p < 0.001) (Figure 5). In addition, in the experimental group, there was
a significant difference in improvement when comparing between the pre-test and post-test scores
(74.8 ± 9.87 for pre-test vs. 86.6 ± 11.49 for post-test, p < 0.001) (Figure 6). The absolute learning gain
was 11.8, whereas the class-average normalized gain was 46.8%.

Table 1. Mock Objective Structured Clinical Examination (OSCE) mean scores of the control group and
the experimental group.

Mean Scores p Value

Control group 0.006
First 68.26 ± 6.06

Second 69.74 ± 4.57
Third 71.78 ± 4.79

Experimental group <0.001
First 68.30 ± 6.40

Second 74.14 ± 5.47
Third 74.60 ± 6.99
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In the experimental group, all of the 50 participants returned the feedback questionnaire (response
rate 100%). The average rating for the majority of the questions ranged between 4.0 and 4.5 (Tables 2–4),
suggesting that a majority of participants perceived interactive multimedia eBooks as being useful
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in enhancing clinical competencies. Table 2 shows the students’ response regarding the quality of
teaching material and their attitudes towards how clinically relevant the eBooks were. Table 3 presents
participants’ responses in confidence boosting during clinical practice and in helping to develop good
doctor–patient relationships after using eBooks. Table 4 shows the students’ responses regarding the
eBook platform user interface.

Table 2. Students’ responses on the quality of teaching materials and how helpful the eBooks were
when they were performing clinical competencies in practical settings. (n = 50).

No. Questionnaire Average Rating

1 Interactive materials improve my learning efficiency 4.22/agree
2 Interactive materials can improve the retention of knowledge 4.23/agree
3 Interactive materials increase my focus in learning 4.03/agree
4 Interactive materials enhance learning motivations 4.12/agree
5 Teaching materials improve my ability in solving problems 4.09/agree
6 The teaching material helps to improve my clinical skills 4.22/agree

7 The teaching material improves my ability in making
appropriate treatment decisions based upon patients’ needs 4.22/agree

8 eBooks increase my interest in dealing with clinical competency
aspects of patient care 4.20/agree

Overall average 4.17/agree

A five-point Likert scale was used, where rating 1: Strongly Disagree, 2: Disagree, 3: Neutral, 4: Agree,
5: Strongly Agree.

Table 3. Students’ responses in raising confidence during clinical practice and in developing good
doctor-patient relationships. (n = 50).

No. Questionnaire Average Rating

1 The teaching materials raise my confidence in handling difficult
patient encounters 4.32/agree

2 Self-studying eBooks could enhance my skills to promote better
doctor-patient relationships 4.32/agree

3 The teaching contents make it easier to understand and interpret
information patients are giving me 4.31/agree

4 eBooks can allow me to obtain information from patients in a
systematic way 4.32/agree

5 eBooks allow me to perform my clinical competency skills with
ease, making me more aware of how patients react to me 4.29/agree

Overall average 4.31/agree

A five-point Likert scale was used, where 1: Strongly Disagree, 2: Disagree, 3: Neutral, 4: Agree, 5: Strongly Agree.

Table 4. Students’ responses regarding the eBook platform user interface. (n = 50).

No. Questionnaire Average Rating

1 Easy-to-use eBook platform user interface 4.11/agree
2 eBook platform features a variety of useful functions 4.18/agree
3 The platform enhances my learning experience 4.03/agree
4 The eBook reading interface is easy to understand 4.08/agree
5 The functions in reading interface facilitate learning 3.95/neutral
6 Using eBook platform can increase my interest in learning 4.15/agree

Overall average 4.08/agree

A five-point Likert scale was used, where rating 1: Strongly Disagree, 2: Disagree, 3: Neutral, 4: Agree,
5: Strongly Agree.

In response to the open-ended questions, participants pointed out the benefits of eBook learning in
improving their confidence in practicing clinical competencies, especially in ‘difficult’ patients, having
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more empathy by performing clinical competency skills with ease, and allowing them to be able to
read subtle cues from patients, and have different solutions to different scenarios to build a stronger
doctor–patient relationship (Table 5). Most of the negative aspects of the students’ responses were
related to the functional design of the platform. Several participants also commented on the limitation
of downloading only one eBook at a time, the lack of systematic organization with which eBooks are
arranged and ordered, and the need for customized labels for marking eBooks as read or unread.

Table 5. Students’ open-ended responses from eBook learning.

Category Responses

Confidence in handling
difficult clinical settings

� Helped me deal with difficult patients (e.g., difficult nasogastric tube
insertion procedures)

� Have a better understanding of what to expect of difficult patients
� In a difficult patient setting, I could easily remember the alternative

techniques and tips that were taught adequately in eBooks

More empathy towards
the patient

� To be able to perform clinical competency skills with more ease allows me
to pick up on subtle cues from patients and recognize patients in distress

� It helped me put myself in the patients’ shoes and become
more considerate.

� Be more empathic and see them from the patient’s point of view
� Understand the patient’s concerns

Improvement in the
doctor-patient relationship

� Have different solutions when dealing with different difficulties, which is
a foundation for a stronger patient-doctor relationship

� Helped me control my emotions and uncertainty during practice due to
sufficient training of competencies from eBooks

The eBooks used in our study were accessible on mobile devices. In terms of how the participants
accessed the eBooks, 46% of the participants reported that they used mobile devices as a primary
device for accessing the eBooks, while 54% used a desktop computer or a laptop. Of the students who
obtained eBooks from mobile devices, about 61% used tablets, 26% used smartphones with an Android
system, and 13% with an iPhone.

4. Discussion

Efforts to discern patient safety and quality of care constantly push medical education into new
territory [1]. As new e-learning environments are introduced into the field of medical education, there is
an increasing need for establishing evaluations for these innovative e-learning systems. In concordance
with other previous studies [3,23–25], the present study shows that students have positive perceptions
upon integrating a new e-learning module to supplement traditional training materials. Our findings
indicate that interactive multimedia eBook training offers a promising approach to enhance students’
knowledge and skills on improving clinical competencies to promote safety and reliability in healthcare.

Strategic improvement in health and healthcare starts with focusing on improving medical
education. In the continuum of medical education, the beginner learns by applying a defined set of
rules to new unforeseen situations, and as learners acquire experience, they become more intuitive as
rule-bound behaviors begin to emerge [1]. During this process of training future licensed physicians,
effective and safe clinical systems are required [26]. We believe that interactive multimedia eBooks
represent a novel and unique contribution in the field of e-learning in training clinical competencies.
In the past, clinical competencies were taught by observations and through traditional lectures in
clinical clerkship [9]. Upon clinical rotations, transitioning from clerkship observation to hands-on
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learning through patient care entailed challenges for medical students nearing entry to practice [10,27].
The participants in the experimental group acknowledged that interactive multimedia eBooks allowed
them to be more confident and efficient in performing clinical competencies, and helped them to
establish a good doctor–patient relationship during clinical practice.

The present study indicates a successful implementation of using e-learning to support clinical
competency training in medical students. To our knowledge, this is the first eBook learning module in
which students can acquire clinical competency skills. Our data show that integrating eBooks into
clinical training could result in a more rapid significant increase in clinical skill performance upon
comparing the results between the three mock OSCEs within both groups. Furthermore, our study
suggests that there is a significant difference in the learning outcomes of the pre-test and post-test
in the experimental group. Most training resources supporting clinical education consist of video
demonstrations of clinical skills and/or mock OSCE exams [7,28]. Although the mock OSCEs show
positive effects, the cost of holding formative mock OSCEs on a regular basis is high as practical
considerations include training of examinees and standardized patients, test development costs, and the
maintenance of facilities to administer the test [9,29].

Evidence has shown that when compared with traditional instructor-led teaching methods,
e-learning can result in significant reduced costs, sometimes as much as 50% [29]. The current medical
education curriculum and tuition includes clinical rotations and face-to-face teaching, especially in the
final years of medical school. Defining the cost of face-to-face teaching is complex [8,9]. Our eBook
module is a technology to deliver another training technique, making assessing clinical experiences
simpler and more efficient, rather than replacing clinical training. Furthermore, medical educators
can update the latest knowledge and skills, and add new topics any time after the original module is
established. The costs of eBooks may be difficult to estimate as it may benefit several years of medical
students and in different institutions. We believe our eBook module offers benefits for learners and
educators, delivering cost-effective, repeatable, and standardized clinical training. Future research is
recommended to inform whether eBooks can serve as an adequate supplement for other OSCE training
modules on the basis of cost-effectiveness.

Our findings indicate that the mobile learning environment plays a crucial role by offering
flexibility. As medical students spend a significant amount of time outside clinical training programs
or classrooms, providing increased accessibility anytime and anywhere can allow them to benefit from
a seamless learning environment [7,30]. Furthermore, educators can update the eBook in a timely
manner to ensure delivery of the latest evidence-based medical knowledge [2]. Our eBook module can
allow the creation of certain simulation curricula to meet specific needs, as teaching with real patients
are limited to the disease they present with [31]. To further enhance the students’ learning experience,
blended learning program developments are needed on how to integrate interactive multimedia eBook
resources into their teaching.

Previously, despite the many benefits of e-learning in medical education, the major barrier is a
lack of interaction [7]. The keys to overcoming this challenge in our eBook module were identifying
what sort of problems the students would face beforehand, providing timely and specific feedback,
and setting up an online communication channel for students and educators. Besides integrating
interactive multimedia designs in our eBooks, we also recruited experienced clinical educators to point
out the problems that medical students often encounter or should improve on when practicing the
clinical competencies in clinical scenarios. Emphasis was then given on mapping out the suitable
interactive multimedia design and the responses of the automated feedback function of that particular
topic. Students can use the online communication tool in the eBook platform to post questions that were
still unanswered after completing the eBook to educators, enabling students to receive personalized
feedback for self-improvement. After answering the students’ questions, educators can not only have
a better grasp of the students’ training process, but also make improvements on future versions of
the eBooks. Simulation with interactive virtual reality (VR) has also emerged as a new method in
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which we can deliver medical education. However, there are difficulties with introducing any new
technology, as it requires faculty space and support [31].

An additional strength of our Bookshelf platform is that it has automated tracking functions.
The tracking function can record the learners’ activities and assessment outcomes during both
offline and online conditions, and report them back to educators. Although several administrative
functions have been facilitated, the learners have suggested some modifications in the user interface.
Some participants commented on the limitation of downloading only one eBook at a time, the lack of
systematic organization with which eBooks are arranged and ordered, and the need for labels marking
eBooks as read or unread. These findings indicate that the user interface should be more user-friendly
and updated constantly to benefit the students’ learning experience.

We acknowledge some limitations in our study. First, we only conducted and evaluated the use
of interactive multimedia eBooks at a single institution. Thus, our sample size was relatively small.
Second, the effectiveness of interactive multimedia eBooks on OSCE scores remains modest. Although
our data showed significant improvement after eBook intervention, other medical learning resources
may also be involved in OSCE scores. Therefore, in future studies, the eBook learning setting could be
extended to several years of medical students or to other medical curriculums or institutions to obtain
generalizable results.

5. Conclusions

Application of our interactive multimedia eBook was associated with a more rapid improvement
in clinical skill performance and enhanced the students’ abilities and self-confidence when dealing with
difficult patient encounter settings. To our knowledge, this is the first eBook in the form of interactive
and multimedia design that has been established for clinical competencies. Further learning program
development should be established to effectively integrate the eBooks into other areas in the medical
curriculum to provide safer and better healthcare.
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Abstract: Medical institutions provide guidance on caring skills for home caregivers. Oral teaching is
combined with graphical tools in a method that has been proved to be an effective way of quickly
mastering home caring skills and promotes effective learning for home caregivers. The graphic design
and operation contents of this method are constantly revised through interviews and observations,
and by carrying out home care application graphics it forms a spiral structure of Plan–Do–Study–Act
(PDSA) participatory action research (PAR). In the three cycles of the operation of PDSA PAR,
the designers accurately create graphics of the caring details based on the nurses’ demonstrations
and develop health education tools that are suitable to provide continuous assistance and services in
real-life situations. PAR combined with PDSA, in each of the three cycles of the operation—design
personnel, medical personnel and home caregiver personnel, respectively—as the lead roles, guide the
planning decisions for PAR. This study is a reference for the improvement and development of
medical graphics for health education tools to improve accuracy.

Keywords: participatory action research; nasogastric tube; home care; medical graphics; PDSA;
health education tools development

1. Introduction

Providing quality improvement training in nursing skills to home caregivers is essential for
caring for patients at home, especially for those patients who require nasogastric intubation and
catheterisation. Elderly or chronically ill patients are usually cared for by non-nursing professionals at
home [1]. Most of the home caregivers in Taiwan are from Indonesia, Vietnam and The Philippines;
how to effectively teach foreign home caregivers to take care of patients has become very important.
Home caregivers have specific needs and challenges in the nursing environment, and their roles need to
be recognised by the medical care system [2]. Home caregivers need to understand the symptoms and
conditions of patients, soothe the patient’s emotions, be able to promptly and accurately report to the
nurse in charge, have basic nursing knowledge and skills, and be able to communicate effectively [3–5].
In our research study, the nurses went to the patient’s home on average once a month; they replaced
the patient’s nasogastric tube and guided the home caregivers in operating the tube in the home
environment. A nasogastric tube is a type of medical instrument that intrudes into the body of the
patient [6]. It is necessary to be able to carry out standard operation procedures of feeding, routine
intubation cleaning, and position inspection as part of daily care.

Long-term nasogastric tube implantation easily causes infection. In addition to the nurses’
monthly professional nursing services, it can strengthen the caring procedures of home caregivers to
receive relevant instruction in infection protection control, to avoid the infection of patients who are in
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the process of care [7]. Home caregivers should have relevant nursing knowledge and common sense
when it comes to care.

The procedures of caring for a patient with a nasogastric tube are relatively complicated; nurses
train home caregivers with the necessary caring skills mainly by demonstration, together with oral
instruction. Due to the language barriers, the novice and foreign home caregivers are unable to
communicate effectively and lack the relevant experience; these factors are likely to lead to problems
occurring in the nursing process. Home caregivers who have direct contact with patients are the
main providers of the patients’ needs. They have a responsibility to develop a shared experience
with the nurses so that they can to better perform patient care services [8]. Home caregivers with
nursing knowledge can provide better care for patients. Nurses need to take into account their
level of understanding when communicating with home caregivers and exchange information with
home caregivers effectively [9]. It is simple and inexpensive to use an image-based training tool to
assist the users’ learning, which can improve their understanding and realise good learning results.
Foreign home caregivers use graphical health education tools in the learning process, which is more
convenient for the nurses’ teaching and the learners’ understanding. According to the research on
the process of medical graphic intervention, the graphical operation steps can significantly improve
memory and comprehension, help to correct faulty operation methods, and also avoid the boredom
of traditional teaching methods [10]. The current clinical development process in graphics mostly
considers the digital form but in the actual application, the final results of its use can be damaged by
the lack of a corresponding evaluation process in the development process [11].

The current situation in home caregivers’ quality improvement training should be regarded as a
concern of public health projects, which need to attach importance to nursing knowledge education and
formulate relevant policies on the operational standards of caring work at home [12]. There needs to be
development of the graphic design of the nasogastric tube home care process, with the participation of
the designers, nurses, and home caregivers. Based on this joint cooperation and learning, the operation
and instruction of nurses played a very important role in this research process. They assisted the
designers in completing the development of designing the graphics and evaluated the home caregivers’
operation. The aims of this research are as follows:

• Using the participatory action research (PAR) method as the research tool, to design the graphics
of procedures and considerations of nasogastric tube caring at home, explore a reasonable method
of cooperation between design researchers and nurses, and develop a health education tool.

• The PAR in three cycles, in combination with the PDSA (Plan, Do, Study, Act) quality management
steps and methods, continue to confirm the research objectives, repeatedly confirming and
providing feedback on the contents of the graphics and texts, inspecting the quality of cooperation,
and ensuring the accuracy and effectiveness of the process graphics drawing in the research process.

• The degree of participation, leadership, and knowledge exchange in each cycle by each of the
participants are in different proportions; each participants’ position is revisited in the different
cycles by the intervention of the researchers and the research tools. The relationships between
nurses and home caregivers are transformed to improve the health education tools in the spirit
of cooperation.

2. Literature Review

2.1. The Present Situation of Nasogastric Tube Home Caring

Although using a nasogastric tube may produce adverse effects, most families still choose to use
one because it is convenient in clinical operation, can provide patients with nutrition, and patients
have a chance of returning to normal eating. For patients with nutritional supplement, nurses prefer a
nasogastric tube compared with other feeding methods; however, the nasogastric tube is not easy to
operate [13]. According to the nursing profession, home caring should be divided into professional
nursing operations and non-professional nursing operations. The use of home care is increasing
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because this method of care can save public resources [14]. The placement of a nasogastric tube requires
specific operation by a professional nurse [15]. The lower the caregiver’s level of knowledge of the
nasogastric tube care process, the higher the learning demand, and the corresponding evaluation
should be included in the nasogastric tube operation process [16]. Nurses should assist home caregivers
during home visits and, in general, provide intubation care manuals to improve the quality of care [17].
In addition to the guidance in intubation caring skills, nursing guidance is also required in good
communication skills with which to communicate with the patients and to provide good care in terms
of emotional comfort [18].

2.2. Participatory Action Research

Action research can transform knowledge into practice and then promote the formation of
knowledge through practice, which is a process of continuous verification. Action research proposes
changes based on the traditional collaborative approach and reflects on the whole research process,
and importance is attached to the emotional feelings of all parties in the research process [19].
Action research is a process that combines theory and action to form a cycle of participation in practice.
It is a process of co-creation, usually solving existing problems and then solving new ones. Different
patterns and methods are adopted according to different professional studies [20]. Some action research
does not presuppose the behaviour of the research object based on the theoretical framework but
analyses and understands the research object by observation. Nursing is a patient-centred operation.
In the context of nursing, action research can promote the coordination of the relationship between
different participants [21]. Practical action research has a research cycle. To prove the validity of the
theory, the practice process needs to have complete strategies and steps [22]. PAR is widely used in the
field of sociological research, emphasising processes that are co-created by professional researchers
and participants, including research agendas, methods, processes, and outcomes [23]. In the field
of medical care, there are studies that intervene in nursing operations through PAR. Before that,
nurses usually used personal experience to judge and were thought to have had communication with
patients about medical behaviour. However, action studies in Intensive Care Units (ICU) have shown
that encouraging nurses to be patient-centred from the perspective of patients’ problems—paying
close attention to patients’ willingness to communicate—interferes with the communication behaviour
of nurses, encouraging them to re-examine their relationship with the patient [24]. PAR often uses
‘plan–action–reflection’ in the process of nursing education; the adaptability and positive thinking ability
of nursing students in clinical practice are thus improved [25]. The development of cross-disciplinary
cooperation in the medical profession can develop common situational cognition. The action research
method is the basis for this transformation, which integrates and transforms the knowledge of different
specialties, changing the final practice through cooperation, communication, responsibility sharing,
process improvement, and other methods [26]. PAR can promote the coordination of the interests of all
the participants in the action research, give voice to patients, and take into account the equality of the
interests of all parties in the research process [27].

This methodology has been applied to the knowledge to adapt the use of the PAR method
to multidisciplinary cooperation, to enhance the understanding of the interdisciplinary knowledge
domain, to create a knowledge spiral, and to put forward a proposal arising from the practice and put it
into action such that the experts can arrive at a diagnosis [28]. However, this kind of knowledge spiral
lacks the reflection process and may encourage participants to absorb knowledge in a passive state. PAR
has many advantages but it can be problematic. The degree of participation of the participants varies,
and the representativeness of the participants may not be widely extended to other group behaviours.
This research method is considered to be unable to improve the power relationships among participants,
and it is difficult to evaluate the effect of PAR on participation. Research claims are usually bold and
important but avoid the negative effects and influences of excessive participation [29]. To generalise
the results of the study to the benefit of other groups, communication and interaction with participants
needs to be enhanced. To avoid the problem of excessive participation in PAR, selected participants
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have clearly defined roles to conform to the research aim and form a group of different participants,
fully giving play to the role of individuals and group participants. The participants can comment at the
same time, participate in the group of other individuals, give responses and supplements, and enhance
participants’ confidence and motivation [30].

2.3. PDSA

PDSA’s approach is relatively easy to understand and its effects may be underestimated. PDSA
operations with action cycles can give teams involved in an action a clearer direction [31]. PDSA can be
used in a small range of operations to achieve good operational results. Service project improvement
needs to be completed in different cycles [32]. PDSA should improve the problem step-by-step according
to the cycles and be supported by sufficient data. Its own structure can promote the confidence of the
team to deal with the problem, and the team will formulate a corresponding theory and obtain the
result through appropriate observation and action [33]. Whether in the field of healthcare or other fields,
the management framework using PDSA is to make planned changes and not deviate from the target
in the improvement [34]. In the field of health profession education, it is believed that the application
of the PDSA cycle can also promote quality learning, continuously construct the learners’ knowledge
systems, and promote the generation of new knowledge [35]. The PDSA method is also used in the
field of healthcare, and the method can be adopted for structured problem solving, promoting quality
improvement [36]. According to the research-driven results, the research should make presuppositions
or assumptions; and in the process of action research introspection, the train of thought should be
continuously adjusted, improving study behaviour and ultimately affecting the results of the study;
these results include cost, quality of nursing, and satisfaction, and there is continuous improvement
in the quality of the research [37]. Moen & Norman (2009) introduced the development course
of PDCA and PDSA during the development of PDSA, and various modified versions have been
produced. The Shewhart cycle, considered to be the original version in 1939, established the three
steps of specification, production and inspection. In 1951 Deming proposed an improvement cycle
of four parts, namely design, product, sales, and redesign, after the Japanese Ishikawa PDCA cycle
of problem solving corresponding to the four parts as follows: PLAN, corresponding to design: DO,
corresponding to produce; CHECK, corresponding to sales; and ACTION, corresponding to redesign.
This method emphasises that standards should be established and constantly revised before PDCA is
implemented, and it is also commonly used in education and training. Deming believed that CHECK
means preventing doing things and should emphasise the process of introspection and correction and
generate the PDSA structure in later developments [38].

Although PDSA is considered to promote standardised operations and progressive learning in the
field of nursing, PDSA does not solve all the complex problems. The application of PDSA in the nursing
field is considered to be simple in operation and to lack scientific rigor. The application overemphasises
individual ability while ignoring systematic problems. In practice, there may be problems such as
adverse execution, so a clear and reasonable process is needed to implement PDSA [39]. To avoid
invalid results in the PDSA operation process, researchers need to confirm the operability of the research
problem. Full exchange of views and confirmation should be conducted among the participants to
ensure the accuracy of the practical results. If the practice results are not effective, the introspection
process needs to be carried out until the results are recognised by the professionals.

2.4. Application of Health Education Tool Graphic in the Caring Process

The improvement of medical and disease communication through nonverbal communication in
the field of medical care has gained increasing amounts of attention. Graphical tools are mostly used
in areas with different ages, low levels of health literacy, or insufficient cognitive ability so as to reduce
the risks caused by cognitive or educational gaps. The graphics are applied to health communication.
Spoken words or graphics can enhance the accuracy of the text, and the corresponding teaching
methods can result in people focusing on the health materials. Graphics are especially useful for people
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with a low level of literacy. When graphics are applied in the field of health care, there should be
corresponding evaluation [40]. Good health education and guidance can help to improve the problems
in healthcare. Oral instruction can help to connect the graphics and words and can improve the care
skills and confidence of caregivers, improve patients psychologically, and improve the communication
between doctors and patients [41].

During the home care use of nasogastric tubes for the elderly, the main problems are that nurses
and caregivers rarely use appropriate health education tools; there is no standardised process for
the design of health education tools; health education leaflets lack design and publicity, and health
education tools lack evaluation. This study aims to solve the problem of providing health education
tools with accompanying graphics to provide guidance on the correct steps for caregivers in the
operation of nasogastric tubes. The cost of learning nasogastric tube care using dummy people is
high; therefore, it is necessary to develop cheaper simple health education tools in clinical nursing
practice to enhance the quality of nasogastric tube care and prevent accidents involving physical
or psychological damage to both patients and caregivers [42]. In the process of home care, foreign
caregivers encounter problems such as the language barrier or an inability to remember the operation
steps, and some of them consider that the operation steps are not important. To solve these problems,
nurses use methods such as operation videos and health education leaflets to improve the efficiency of
communication [43]. In addition to these tools, the effectiveness of learning has a relationship with
the frequency of the nurses visiting the home care, the operation specification, and the caregivers’
health literacy. There is a need to establish a complete set of policy measures simultaneously, through
different health education tools and learning methods with regard to intervention in the feeding
process. Those interventions demonstrate greater accuracy in the use of the nasogastric tube in nursing
care [44]. Graphical information can improve the carer’s understanding of patients’ medication and
medical information. It is recommended that graphic designers should be included in the medical
field; however, the use of graphics should be adapted and verified by users of different cultures [45].

In this study, nasogastric tube operation was taught to home caregivers at home by example.
Combining the actual work needs of nurses, professional designers, and graphic designers provided
research cooperation and actively assisted in the graphic recording, providing a relatively standardised
development process. Home caregivers need to be able to operate independently for the majority of
the time without the guidance of nurses; appropriate health education tools can help home caregivers
to recall the operation process in the home caring environment to correctly perform the operation.

3. Material and Methods

3.1. Research Steps and Framework

The nurses that teach nasogastric tube home care need to spend time and energy communicating
with the patient’s family and home caregivers at home. When designers and researchers join in the
process, they need to constantly re-examine the problems, controllable conditions, and the cycles that
can be improved in the whole operation process from the viewpoint of a challenger. In the framework
of action research involving people from different professional backgrounds, PDSA carries out different
operational steps at each cycle according to the research time. The circular nature of the action research
promotes the development of the research and deepens the cooperation of the researchers in different
fields (Figure 1). With regard to the development of graphics of nasogastric tube care in PAR, recording
the research process has important significance and is an important function. The execution of the
first cycle of the steps can be exploratory; researchers approach the problem from the angle of the
design to explore the possibility of its operation. The second cycle of the steps is to focus on improving
the existing health education tools, on the basis of incorporating the nurses’ professional knowledge
into the design of the intervention. The third cycle of the steps is mainly based on the second cycle
in the development of tools, combining this with the user suggestions and evaluations. Each cycle
stakeholder’s degree of participation is different; the roles and the operations are different. The overall
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research framework was established from the early stages of the study to develop health education tools
under the condition of existing medical care with the goal of using visual graphics to communicate with
the auxiliary medical care, and to provide health education tools that can be used in clinical teaching.
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Figure 1. Participatory action research (PAR) steps and framework diagram.

In the first cycle, the researchers used the interview method, and different professionals expressed
different views on the study process. The interview content was used to interpret the medical staff’s
attitude in the process. Problems of nasogastric tube operation in home care were discovered,
and relevant suggestions were provided by hospital managers, nurse supervisors, and nurses.
The researchers planned and implemented the study based on the main points and suggestions
raised in the interviews.

In the second cycle, the basis of cooperation was discovered in the interviews based on the first
cycle, combining the participant observation and interview and making a plan for designing the
graphics of the nasogastric tube home care operation. The nurses conducted the nasogastric tube home
care process. The researchers recorded the nasogastric tube home care process in the form of video
audio and organised the image and text records. The professional designer made graphic designs in
accordance with the recorded content. The illustrations were accompanied by bilingual text captions
in Chinese/English and in Chinese/Indonesian. After completing the care process manual, the nurses
reviewed the operation process, graphic content, text description, and other content, and repeatedly
corrected them to improve the accuracy.

In the third cycle, nurses used the graphics developed in the second cycle to teach home caregivers.
The researchers used field interviews, non-participatory observation, and final operation score statistics.
After the consent of the nurses and the patient’s family had been obtained, the patients were selected
randomly and recruited for the clinical operation test. This study passed the National Cheng Kung
University Human Research Ethics Review Committee Version (106-149). Informed consent and
signatures were obtained from the subjects, and the nurses evaluated the home caregivers’ operation
process. According to the results presented in the first and second cycles, the nurses used an A4-size
nasogastric tube graphic manual to instruct the home caregivers on the operation. Based on the feedback
on the description content of the graphics, the foreign home caregivers corrected the Indonesian
translation. Evaluation forms were designed according to direct observation of the procedural skills of
Mackenzie Hospital. Nurses assessed the scores of the home caregivers’ operations.
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3.2. Participants

In total, 18 participants (Table 1) were involved in this study, including six participants with a
design background (G1). Researcher R01 proposed the study based on their experience of previous
studies, and the G1 team worked together to complete the study. Among the participants, R06 was a
professional designer with senior experience in information graphics and graphics who could skilfully
use the drawing software and accurately draw the graphics of the operation steps. There were five
participants with a medical background (G2), including a nursing supervisor who conducted ethical
practice and supervision of the research. Two nurses participated in the whole process from the
beginning to the end of the study. There were seven home caregivers who finally used the health
education tools (G3). This study did not have specific requirements with regard to the caring experience
of the home caregivers. To ensure the privacy of the participants, all the participants were given
codes and concealed key words such that the basic information content could not be guessed but the
authenticity of the research was not affected.

In the first cycle of the PAR, the G1 group led the research for the other participants and selected
an appropriate hospital for cooperation. G2 entered the phase of joint research. In the interview
process, the medical personnel were equally involved in the dialogue and determined the nature of
the cooperation. In the second cycle, the G2 group was the main participant. The G1 group recorded
the operation of the G2 group and made graphic drawings. Both groups repeatedly confirmed the
operation content and the graphic content. The G2 group asked the G3 group about its willingness to
participate in the study, and G1 together with G2 invited G3 to participate in the third step. In the third
cycle, the G3 group was the main participant but G1, G2, and G3 were co-participants: G3 in the role of
the learner and operator; G2 in the role of teaching the nasogastric tube steps to the home caregivers,
correcting action, and sorting; and finally, G1 summarised the findings and developed the graphic
printing health education tools to be used in nasogastric tube home caring in the future (Figure 2).
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3.3. Research Tools and Data Processing

Based on the differences in the participants’ professional fields and the division of labour, PAR was
used as a research tool. The participants clearly defined the purpose of their action, and their rights
and interests were guaranteed in the process of participating in the research. The layperson has
obvious limitations in participating in scientific research, and usually the participants’ actions are
guided towards the researcher’s ideal scope. Therefore, in PAR it is necessary to combine the actions of
experts and laypeople [46]. The use of PAR in this study will enable design professionals to understand
the processes and methods of healthcare nurses, as well as enable nurses to better understand the
professional assistance that designers can provide for them. When cooperating with the nursing
community, designers need to confirm what is being designed. For home caregivers who are responsible
for patients, the procedure and details of nasogastric tube operation are very important and may
affect the interests of the patients. Using the PDSA quality management method can confirm each
cycle of the action research: in the first cycle, the feasibility of the research problems are confirmed;
in the second cycle, the health education tools’ content is repeatedly confirmed; and in the third
cycle, home caregivers in operation and feedback provide suggestions repeatedly. Therefore, in the
three cycles of the action research framework, the operation of each cycle should be confirmed by the
participants, and the processes of planning, operation, learning, introduction and implementation
should be clarified by PDSA. The health education tool suitable for nasogastric tube home caring
should be jointly developed for the reference of home caregivers.

3.4. Research Limitations

This research required human research ethics approval from the institute and the hospital.
The research needed completion of the survey to be achieved within a specific time and also required
the cooperation of the hospital nurses and the consent of the patient’s family. The final evaluation
process also required the consent of the home caregiver, and the nurse asked the home caregiver to
give their informed consent with a signature.

After sorting out the number of nurses’ individual cases, the nurses told the researcher which
of their cases could participate in the evaluation of the study, which required the researcher to enter
the patient’s home with the nurses. In addition to giving their consent, non-nursing professionals
must operate according to hospital schedules. Due to the difficulties in obtaining actual test samples,
the researcher originally planned to recruit more than ten groups of participants. After on-the-spot
inquiry, the researcher excluded cases such as the family members of patients who did not agree to
cooperate with the study or did not use a nasogastric tube. A total of seven groups of cases participated
in the survey.

4. Results

4.1. Cycle 1: Make a Plan for the Graphics Development of Home Caregivers

At the beginning of the study, the researcher proposed to solve the problems related to the process
of home care by means of graphics, but the whole problem was not clear. The designers needed to
find partners with a medical background, reach a consensus with the medical professional researchers
(P1), and write the research plan (D1). The teams of both groups were able to accept each other’s
suggestions, initiate applications for in-hospital research applications and human ethics reviews (S1),
and establish an agenda for the implementation of the research plan (A1).

Researcher R01 had a long-term focus on the use of graphic design to solve the problem of
doctor–patient communication, discovering graphical intervention in home care and helping caregivers
in their understanding and memory of the operation process. However, the quality of the graphics used
as health education tools need to be improved and should include graphic accuracy and evaluation to
promote learning, teaching, and memory. In discussions with nurses, the researchers found that when
local home caregivers were being taught, the new foreign home caregivers had trouble communicating
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because of the language barrier, making it difficult to teach them complex home care work. After
the theme of the plan was established, the main researcher, R01, first formed a team in the field
of design, establishing a research team with researchers in the design background (R02, R03, R04,
and R05) and searched for a suitable hospital to prepare their proposals and propose their intention
of cooperation. After the hospital groups agreed to cooperate, five study participants I01, I02, I03,
I04, and I05 participated in the cooperative discussion, forming a research group with a medical
background; among these participants I01 was the main manager of the hospital and I02 was the
nurse supervisor. The common characteristic of the two groups was that each participating group
had a person in charge who was responsible for communication of the research issues, the meeting
time, research plan, and preparation of the research materials. In the first part of the participation
process, the heads of the two groups communicated with each other and with the other participants
and explained the research matters. The hospital had a positive cooperative attitude. The hospital
believed that the foreign caregivers experience communication problems in carrying out home care.
The hospital was willing to provide assistance to those who needed the hospital’s cooperation in this
process. In the course of their communication, the two groups hoped that the research plan could be
put into practice. As a result of past experience, the hospital had doubts about the graphic carrier and
the specific application of the flowchart proposed by the researcher. As for the implementation of the
study, the hospital administrator (I01) believed that:

During the implementation of the design, user convenience should be taken as the centre. For example,
previously during the use of the hospital registration system, the registered machine was purchased
but it could not be further promoted due to the problems in the operation process, resulting in the loss
of the hospital after the purchase of equipment. In the process of cross-discipline cooperation, effective
designs should be made to help solve the needs of patients, doctors, and nurses. Otherwise, if all the
designs cannot be applied, there will be no good cooperation cases or the hospital will suffer losses.

According to the researchers, the form of the health education tools can be adjusted according to the
clinical operation needs of the medical staff. The graphics drawn to represent the home care steps
should have a standard design process, and the graphics should be optimised step by step so that
home caregivers can learn or recall the operation steps according to the graphics. Participant G1
proposed the study using his own speciality as the starting point and decided to develop a graphic
tool for nasogastric tube home care, aimed at helping G2 and G3. G1 invited G2 to join the research
and proposed the scheme of cooperative research (Figure 3). Participant G2 believed that G1 needed to
address the real issues in nursing and comply with the relevant medical ethics. At the early stages
of the study, the decision makers communicated repeatedly with the hospital administrators and
confirmed the problems, proposed a research case whose main objective was the design and application
of the graphics representing the home caring process of the nasogastric tube, and then applied for the
human ethics review. After the research proposal and the application for the human ethics review
were approved, the researchers communicated with the hospital to apply to execute the research case.
The participants with different research backgrounds were required to communicate continuously and
plan the expected research schedule of cycle 2, cycle 3 and the expected output of the research results.

4.2. Cycle 2: Design and Revision of Nasogastric Tube Home Caring Procedure Graphics

Based on the design of the nasogastric tube home caring procedure graphics plan, the nurses
proposed a suggestion for the study (P2). Nasogastric tube care in home nursing is mainly divided into
cleaning and feeding. The nurses believed that in the process of home caring, the caregivers mainly
carry out external operation nasogastric tube inspection of the tube touching the skin, as well as carry
out the specification of feeding. Preparation of the tool, inspection, implementation, and precautions
should all be reflected in the graphics. In the second cycle of the PDSA implementation process,
video records were made mainly for the nasogastric tube caring process, and the nasogastric tube home
care process step graphics were completed (D2). Repeated revisions were made between participants
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G1 and G2 (S2), and nasogastric tube home care procedure graphics were created that were fit for the
nurses’ use (A2).
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Nurses thought that using actual patients for the operation at the early stages may raise ethical
issues because of the recording and production. Therefore, it was decided to implement the step of the
recording procedure using the medical dummy model. The nasogastric tube home care demonstration
operation was taught by two nurses I03 and I04; a design researcher, R02, recorded the video, and four
design researchers, R01, R03, R04, and R05, were participatory observers. The nurses taught the
nursing procedure, the researcher continued with the operation exercise separately, and then the nurses
corrected the action and the specification, revealing the unclear action procedures that needed to be
confirmed with the nurses on the spot. The researchers divided the video recordings into words and
captured images, and the nurses confirmed the accuracy of the content with regard to nursing materials
and procedures. Three researchers, R02, R03 and R04, collected the key images and organised the
operating steps into a table; these steps were mainly divided into the nasogastric tube cleaning steps
and the feeding steps. After the data had been sorted out, the nurses confirmed the content, including
the accuracy of the words and sentences and the image selection. The data were reviewed and classified
according to their attributes. The preliminary graphic design was conducted after researcher R01
reviewed the data after it had been completed. R02, R03, R04 successively tried to use the whole-body
line graphic, the simulated human graphic, different thickness line graphics, and other forms of graphic
design. Too fine a line may result in the user not being able to accurately identify the graphic according
to the design group discussions, and it was thought that the operation graphics should adopt line and
colour in their expression, and the nasogastric tube parts and the body’s performance should match
the symbol. Researcher R06 carried out the complete design and drawing to ensure a uniform graphic
style; researcher R01 led the team to continue when the design of the image content was confirmed.
After the design draft was completed, the G1 team submitted it to the G2 team for review, adjustment,
standardisation of the words, accuracy of the sentences, confirmation of the accuracy of the drawings
depicting the nurses’ actions, and modification of the graphics by carrying out the repeated correction
process of ‘Design–Fix–Redesign–Re-fix’, including confirmation of the details of the graphics (such as
the rotation of the nasogastric tube in graphic should be annotated; the nasogastric tube needed to
show the change of the position of the gummed tape on the first and second day). The nurses thought
that A4 size for the health education tools for home care would be easy to find and read, and so the
designer group used this requirement for the design and the making of the prototype (Figure 4).
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Researcher R01 led the G1 group, the G1 group cooperated with the G2 group, and the above
research process was supervised and implemented by the nursing supervisor I02. To ensure the
smooth progress of the study, the G2 group was responsible for the execution and operation of the
participants during the study, and the G1 group was responsible for the steps such as the recording
and learning of the operation procedure, the drawing of the graphics, the confirmation of the text
details, and the selection of the graphic style and the correction. The main leader in the participant
groups was responsible for monitoring and correcting the rationality of the implementation steps of
the research operation (Figure 5).
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The operation of this cycle focused on the repeated confirmation of the operation steps and the
graphics to ensure the accuracy of the nursing operation content. The design group, G1, was taught by
the medical group, G2, and continuously learned from and communicated with the nurses until the
nurses considered that the graphic content drawn in this cycle could be used. As the dummy model
was used in the demonstration operation, some real operation situations could not be represented,
resulting in the loss of operation steps. The graphic correction was made based on the daily operation
experience of nurses and the daily situation of cases to show the operation position more clearly.

To complete the design, communication with the nurses led to several revisions. The first
amendments were: (1) add a new ‘the nasogastric tube turns in half a circle’ graphic and correct the
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‘need to change the sticking position of the nasogastric tube every day’ graphic, as the designers had
wrongly misunderstood the ‘need to change the sticking position of the nasogastric tube every day’
as the ‘need to change the position of the nasogastric tube every day’. The researchers found that in
the video recording the observers had no record of this part of the subtle operation; therefore, ‘the
nasogastric tube turns in half a circle’ did not appear in the action records relating the images to the text;
(2) redraw the graphic of ‘after the feeding is completed, turn the tube back, then pull out the syringe
to end the feeding’ and add the graphic of ‘cover the tube and clean the empty syringe’. The reason for
the correction was that the reflection of nasogastric tube had been drawn incorrectly. Modifications
were made as to the correct folding direction of the nasogastric tube and the addition of the injection
tube. The nurses also suggested that the procedure of drawing out the tube core and cleaning it should
be described in detail. The second correction was the addition of a graphic of ‘the patient should be in
a half-sitting position during the whole feeding process’. The nurses thought that the home caregivers
were more likely to forget this step from the actual teaching, so the graphic was added to facilitate
their review of home caring (Table 2).

Table 2. Discuss additional procedures and explanations with the nurses.

Time Before Correction After Correction

First
correction
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4.3. Cycle 3: Developing Sample and Evaluation of Graphical Health Education Tools

After the nurses confirmed the operation procedure graphics of the nasogastric tube in home care,
the health educational tool was output by the colour laser printer for the clinical user test, and the
nurses were responsible for the user test and for the evaluation of the health education tool so that the
designer could improve the final design (P3). The nurses used the graphical health education tool
to teach the caregivers, and then the nurses evaluated the caregivers’ operation (D3) and asked the
caregivers to give feedback on the graphics and the text descriptions (S3). Finally, the researcher and
the nurse discussed the content and then corrected it (A3). The process was also repeated and verified
in accordance with the PDSA implementation steps to ensure that the final nasogastric tube home care
operation steps, graphics, text, and translation were correct and effective.

The specific operation process of the third cycle was mainly divided into three steps: (1) the nurses
found caregiver participants suitable for evaluation, and the caregivers needed to agree and sign the
informed consent (Indonesian and Chinese version) to participating in instruction and evaluation
of the operation graphics. The researchers were required to conduct non-participatory observation
in conjunction with the nurses’ visits to the patients; (2) the nurses taught the home caregivers the
nasogastric tube home caring process. The operation steps and precautions were explained and
demonstrated with graphics, and then the home caregivers performed the operation and the nurses
checked the effectiveness after the care procedure had been completed; (3) the nurses evaluated the
home caregivers, completed the final evaluation form, and asked the caregivers to give relevant
suggestions on the health education tools. After the completion of the above three steps, the researchers
of the study convened a meeting to revise the graphics of the final nasogastric tube home care procedure
(Figure 6).
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Figure 6. The nurse provides graphic evaluation for the home caregivers, and after the assessment
there is a meeting to discuss the modification of the graphics.

Two nurses, I03 and I04, participated in the final application evaluation. The communication
process between the G1, G2, and G3 groups was carried out under the supervision of the nurses’
supervisor I02. After cases of family members’ disagreement were excluded before the end of the study,
seven cases (FC01–FC07) were included to form the G3 group for assessment use. Among them, six
foreign home caregivers and one patient’s family member attended the evaluation of this study. R01,
R02, R03, R04, and R05 of the main researcher team G1 observed and recorded using a non-participatory
observation method. G2 needed to repeatedly confirm G1 and G3 and was also responsible for the
communication between groups G1 and G3. However, due to the long evaluation cycle, the researchers
in G1 needed to repeatedly encourage evaluation. Since the graphics were still in the development
stage, the daily workload of the G2 group increased. G2 was willing to continue the study in order
to obtain the research results of the health education tools (Figure 7). The operational performance
evaluation of the home caregivers was divided into caring preparation, nasogastric tube cleaning,
and feeding procedures; nurses also conducted health education tool study effect evaluation. For this
part of the evaluation, the total score was six points, scored from the average calculated in the table for
each item, including 1–2 points as ‘failed to meet the evaluation standard’, 3 as ‘close to the standard’,
4 as ‘reached the standard’, and 5–6 as ‘exceeding the standard’. In the evaluation table, the nurses
and home caregivers were given satisfaction scores for this study, which ranged from 1–10, indicating
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satisfaction from low to high. In addition, observation time and feedback time were also recorded
in the evaluation table to reflect the subjects’ operational execution time and degree of proficiency
(Table 3).Healthcare 2020, 8, 261 16 of 20 
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Table 3. Assessed effectiveness of use by home caregivers.

Participants Effectiveness

Operating
Performance Process Satisfaction

Observation
Time (s)

Feedback
Time(s)Performance

(M)
Learning

(M) Nurses Home
Caregivers

FC01 Yes 4 5 8 8 15 10

FC02 Not given 4 5 8 8 20 15

FC03 Yes 4 5 8 8 10 5

FC04 Yes 3.56 4 8 8 30 15

FC05 Yes 4.67 4 6 7 5 5

FC06 Yes 4 5 8 8 10 5

FC07 Yes 4.11 4.2 8 8 10 10

Assessment found that some caregivers had caring experience, but the operation process did
not follow the normal standards of correct implementation. Since most of the home caregivers were
foreigners, their communication with nurses was not smooth. In conjunction with the graphic manual,
the home caregivers showed that they could understand the operation in the graphics and correct the
translation of the graphics description. The nurses would use the graphics again to engender caring in
the process of the operation and describe the contents and steps of the graphics in detail, so that the
caregivers were clearer about the matters needing attention in the process of caring at home.

4.4. Combined with PDSA’s Introspection on Participatory Action Research

In the existing cross-disciplinary cooperation, the main researcher usually takes the lead and
the role of the other participants is weakened. In the PAR, participants are gradually added to
each cycle of the study, and they can fully express the issues to be studied in each part of the study.
The interactive roles of the participants are changed and the leadership roles are fluid. Considering
the research content, G1 was the leader of the study in the first cycle, G2 was the leader of the study
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in the second cycle, and G3 was the leader of the study in the third cycle. Leadership awareness
and teaching strategies have been proposed through cross-disciplinary cooperation. Although the
researchers believe that doctors and nurses worry about novice operations as obstacles to teamwork,
cross-disciplinary cooperation can strengthen their strengths and make up for their weaknesses [47].
The researchers with a design background initially played the role of organising and planning the
research, and then the role of participatory operation and evaluation in the second and third cycles.
Participants from a medical background initially played a role of passive cooperation, and later had
important roles in strategy formulation and operation. In the second and third cycles, these participants
mainly confirmed the accuracy of the professional operations. Although the home caregivers were not
involved in the formulation of the strategy, in the third cycle the home caregivers could directly report
on the rationality of the formulation of the PAR strategy and the effectiveness of the implementation.

The basic model of the study was the process of using the PDSA during operation after performing
the first cycle, and then forming the second and the third cycle operation plan. In the structure,
from planning to implementation, most of it is at the strategic level, and the decisions made are
generally determined by the possessive resource owner. The difference between participatory research
and traditional research lies in the power of the participants in the research process [48]. In the
first cycle, researchers from a design background put forward the need for cooperation because they
believed that they could help the medical side solve the corresponding problems by means of graphics.
The designers thought that the graphical method was important and could play a leading role in
the research, and they proposed the graphical strategy to solve the problems of the home caregivers.
In the second cycle, when the nurse participants had entered the study, the design professionals and
caregivers reached a consensus that the operation strategy was important. The researchers needed
to obtain the nurses’ professional assistance to complete the relevant design, and so the designers,
in accordance with the nurses, put forward a strategy to solve the problem using video recording as a
method of operation. After completion, the graphic contents needed to be confirmed by the nurses
before entering the next cycle evaluation; therefore, in this part, the nurse study participants held a
dominant position and had an important role. In the third cycle, the researchers and the nurses formed
a joint strategy to evaluate the home caregivers; the home caregivers needed to agree to evaluate its
operation. The home caregivers evaluated the health education tools and provided relevant advice
according to their work experience and their number of years of experience; therefore, verification of
the home caregivers location was important.

Professional respect is very important for the establishment of cross-disciplinary cooperation.
In the spiral structure of PDSA PAR, the three participating groups continuously confirm the professional
knowledge content transmitted to confirm the level of understanding. During the graphic design stage,
it was necessary to cooperate with the medical staff who could assist the designers in revising the
design drawings. The degree of cooperation and joint participation are key factors. Cross-disciplinary
groups must have a deep understanding of each other’s industry values and methods of solving
problems, and learning from each other will become the motivation to eliminate stereotypes and
cooperate with each other [49]. Implementation of PAR, on the one hand, controlled the accuracy of the
graphic design and, on the other hand, the participation of the nurses, home caregivers, and researchers
in the content and revision of the study to improve understanding. The home caregivers said that
although some operations still needed to be memorised, the use of the graphics improved the previous
situation of home caregivers having to repeatedly ask for the nurses’ caring knowledge. The graphical
health education tools can recall the operation process of home caregivers. The spiral structure of PAR
constantly uses PDSA to correct deviations from the research goal, so as to ensure the accuracy of the
research results.

5. Conclusions

This study explores the cooperation between different stakeholders under the framework of PAR
and uses the form of PDSA to conduct research quality management. This research was initiated by
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designers, and the overall research planning was carried out on the design, production, and evaluation
of the graphics. The researchers with a design background promoted the process of research design,
standardised the operation cycles of the graphics development and design, and established the
cross-disciplinary cooperative relationship. The spiral structure of PDSA PAR was used in the study to
solve different research problems according to different research cycles and complete the final research
goal. In the process of intervention in the field of nursing, design researchers are looking for a relatively
universal design method to make graphical drawing more in line with the needs of healthcare users.

In the process of developing medical process graphics, it is necessary to consider the enthusiasm
of the participants to cooperate with participants from different professional fields, plan clear goals in
the research process, and ensure that the participants are also leaders in each cycle, jointly formulating
strategies and sharing the research results. In this study, the accuracy of graphic development of
the health education tools was improved, the process of learning and evaluation of the graphics was
added, and the accuracy of the graphics was constantly modified in operation to ensure the quality
and rationality of the graphic development. The feasibility of using graphics as a communication aid
or health education tool deserves further study. Simultaneously, the scope of the results of this study
needs to be promoted and compared with other forms of nasogastric tube home caring methods or
tools, such as health education leaflets, oral instruction, and video operation. The clinical teaching
effect tests should be statistically compared using quantitative methods. Additionally, this study is an
exploratory operation into cooperation between the design field and the health care field to provide a
reference for the graphical development method of medical care operation processes.
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Abstract: Regarding long-term home care needs, nurses need to communicate effectively and
reasonably when teaching home caregivers. Designers can assist medical staff and develop pictorial
tools to enhance communication. The purpose of this study is to explore a theoretical basis
from the perspective of designers, patients’ home caregivers, and medical staff to construct a
theoretical framework that can jointly develop pictorial health education tools and healthcare system.
The qualitative methods, including in-depth interview and observation, are applied to this study;
ground theory sets out to construct a framework from the verbatim transcript of the interviews.
Based on interview results, six axial codes were extracted: (1) the method of interdisciplinary
cooperation; (2) medical research ethics; (3) communication methods; (4) forms of health education
tools; (5) development of health education tools; (6) home care intubation procedure. Eight groups of
home caregivers offered suggestions from their experiences. The designers need to assist medical staff

to solve real problems, pay attention to professional norms, and forms of cooperation. Health education
tools need to meet the needs of medical staff and home caregivers and designers should pay attention
to the processes of communication. This study can also assist in interdisciplinary cooperation to
explore the theoretical basis of pictorial health education tools for nurses in the context of long-term
care at home.

Keywords: pictorial health education tools; long-term home care; nurses and home caregivers;
communication; case study; a qualitative perspective

1. Introduction

Long-term home care is normally provided by non-professional medical staff. Nurses need
to provide the necessary help to long-term home caregivers and patients, but cooperation and
communication between the two can become a problem. As the elderly now live longer, the demand
for improved services in long-term home care is growing [1] and, as a result, there are increasing
demands on nurses’ resources. With interdisciplinary collaboration needed in home care settings,
designers can intervene to improve the home care system, to offer different solutions according to
different home care needs, and to solve concrete operational problems [2].

To improve the service quality of long-term home care, many researchers introduced health
education tools in the field of health care. This included pictorial tools for interventions, to help those
with low literacy levels enhance their understanding of health knowledge [3] and improve the recall
process of patients after treatment [4]. Furthermore, using images in an environment can reduce
negative emotions [5]. In cooperation with designers, pictorial health education tools can be developed
for long-term home care to facilitate the operation of medical staff and help patients and caregivers
understand professional terminology. As a strategy to cultivate creativity, interdisciplinary cooperation
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is a form of teamwork to develop knowledge that can promote the integration of different fields of
healthcare, and has an important impact on the overall development of learners [6]. There may be
obstacles to interdisciplinary cooperation in a hospital, more so for nurses than for doctors [7].

Ageing is a relatively serious concern in the region where the researchers are located. Many elderly
people need long-term home care and most of their children employ home caregivers. Most caregivers
are foreigners with poor language skills and new caregivers lack relevant experience in long-term home
care. Researchers have long paid attention to the skills of foreign caregivers and found that, as well
as language problems and lack of nursing knowledge, they are afraid or unwilling to communicate
with nurses, so mistakes may be made in the home. Based on preconceived experiences and literature,
the researchers thought that pictorial health education tools could assist nurses or home caregivers.
The purpose of this study is to explore a theoretical framework from the perspective of designers,
home caregivers, and medical staff, and jointly develop pictorial health education tools to enhance
communication and cooperation between medical and non-medical staff in the home care setting.
Therefore, in this study, it is necessary to examine the following aspects in the qualitative research:
(1) what is the perspective of medical staff on the use of pictorial health education tools; (2) what
is the perspective of caregivers when using pictorial health education tools; (3) designers’ focus on
interdisciplinary cooperation in developing pictorial health education tools.

2. Literature Review

2.1. Health Literacy of Long-Term Home Caregivers

Home caregivers need to understand the expertise, procedures, and practices in the field of
nursing. Knowledge of long-term home care is rooted in the health literacy of home caregivers and
the application of knowledge comes from “individuals, organisations, environment and knowledge
itself” [8]. Health literacy enables the public to acquire knowledge, understanding, skills, and confidence
in relevant health information, which is a positive factor in nursing and needs to be considered
throughout the social care system [9]. Health literacy is also defined as the relationship between
patients, caregivers, and health professionals in the health care system. Health literacy involves skills
that can be taught. During recent years, the relationship of nursing transformed from leader-centred to
patient-centred, which changes the structure of the medical system and thus, improves patient safety
and satisfaction [10]. Health literacy should be concerned, not only with operational skills, but also with
changes in health behaviour, involving the development of multiple domains [11]. Health education
tools to improve health literacy are not limited to development and use but should also focus on
generality so that medical staff in the process of improving the health literacy of stakeholders in the
family environment is similar to the development of nursing teaching tools that are suited to the
medical environment [12].

Long-term caregivers only take basic training lessons and lack of medical professional background,
but they play a very important role in home care. Medical terminology often confuses patients and
the use of relevant strategies in nursing can reduce its negative influence on patients during a
conversation. The popularity of medical vocabulary promotes understanding, enables patients to
better socialise in the medical environment, considers the background of the patient’s environment,
explains terminology, and enables doctors to pay attention to the expressions and reflections of patients
when communicating [13]. When patients think the technical terminology used in clinical diagnosis
is difficult to understand, reading and understanding written text is very important. More specific
information and vocabulary are needed to make it easier for patients to understand, and adding
pictures to a verbal description can improve patients’ comprehension. In the medical training process,
the patient’s ability should be taken into account, as sometimes it is better to use pictures to illustrate
the information to make it easier to understand and easy to apply at home without medical staff [14].
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2.2. Pictorial Health Education Tools

Medical health education tools are morphologically diverse. New technology is used to place
graphic content in electronic equipment; digital technology combined with images can improve learning
fluency, reduce the cognitive gap, and improve doctor–patient communication [15]. Compared with
text, the images have an important influence on the effective communication of information, which can
improve concentration, memory, and understanding. Images can also change the public’s attitude to
health education, especially for those with literacy and reading difficulties, and encourage those more
willing to follow the content of image information practices [16]. The use of pictorial health education
tools in medical institutions, nursing institutions, and long-term home care environments can help
caregivers understand the instructions from medical staff, enhance the nursing process, and improve
caregivers’ health literacy and communication skills [3]. Some studies used experimental approaches
to assess the influence of pictograms on people’s understanding of information about health care.
It was proved that when the text was accompanied by a picture, it enhanced people’s recall of the text,
and suggested that graphic designers and stakeholders can participate in the study and that use the
reasonable way to evaluate pictorial use [17]. Pictures are also used in language training, assisting low
or no speakers to acquire language skills. The use of images will help communication, making it easier
to understand and remember [18]. From the perspective of auxiliary functions, for students who lack
knowledge, pictures are the best way to enhance learning [19,20]. A picture can make the information
interesting if features can be memorised, for example, colour, complexity, and meaning [21].

2.3. AAC Is Applied to Doctor-Patient Communication

Augmentative and Alternative Communication (AAC) along with the progress and development
of technology, provide innovative solution for a wide range of users with various language barriers [22].
With technological development, AAC was more widely applied to nonverbal communication,
clinical communication, and language. Pictures are an important part of AAC as it expands its
application further and the conversion from language to an image requires detailed evaluation [23].
AAC’s core vocabulary is suitable for improving children’s oral expression and has been proved
effective [24]. AAC has been used in long-term care institutions to improve the quality of care for the
elderly [25]. It has also been applied in the context of intensive care unit and diversity of auxiliary
communication tools. However, medical staff have little understanding of the communication board
and the communication strategies used by medical staff may affect the communication ability of
patients [26]. According to different needs, AAC uses high-tech, low-tech, and non-tech assistance.
The emotions of stakeholders should be taken into account, which will affect their willingness to
communicate [27] and the use of AAC for emotional communication between patients and caregivers
can improve the patients’ quality of life [28].

2.4. Grounded Theory

Grounded theory is applied by researchers who want to solve a problem in a specific environment;
it provides a theoretical basis before the research is formally started. Researchers identified
pre-understanding information is correct and operable in the process of practice, and in the process
of concrete operation, grounded theory based on the interviews to correct the research content, according to
the methods of observation, proving the problems of the research. Grounded theory is the earliest research
applied in the field of nursing by Glaser and Strauss. They defined grounded theory and believed
that it could be used as the basis for better theoretical construction in social research [29], to develop
theories in data research and show the context of data [30]. The construction of theory needs to constantly
examine the correctness of theory and the perfect nature of data, fully explain the phenomenon, and add
the original theory to the new concept [31]. However, the data collection methods of grounded theory
have been controversial. Researchers found that the data are objective after the data are analysed and
coded by researchers to form a new framework. Glaser and Strauss thought that researchers anticipated
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the objective, made assumptions about scope and conditions, and interpreted and constructed study
phenomenon [32]. The cooperation of people with different research backgrounds makes grounded theory
a scientific qualitative research method. It holds the tradition of symbolic interaction theory and emphasises
daily life experiences and self-cognition of basic parties [33].

3. Materials and Methods

3.1. Study design and Structure

The researchers collected information about home healthcare, tracked the theme of the pictorials
used by healthcare assistants, and conducted interviews and observation surveys to collect the
information from the perspective of designers, patients’ home caregivers, and medical staff to construct
a theoretical framework, and then compared this with existing communication theories and literature.
A construction framework was established that enabled the designer to attempt to develop pictorial
health education tools for long-term home care (Figure 1).

Figure 1. Exploring pictorial health education tools for long-term home care research.

Figure 2. Theoretical framework: Augmentative and Alternative Communication (AAC) diamond model.
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Figure 1. Exploring pictorial health education tools for long-term home care research.

3.2. In-Depth Interview and Observation Method

The researchers initially proposed to develop tools for intubation procedures, but the nurses
recommend another alternative project because these procedures are performed by professional nurses
and not by home caregivers. However, home caregivers could be trained in basic nursing and daily
cleaning; they could also understand the routine intubation procedure, recognise if patients were in
discomfort afterwards, and report this in a timely fashion to the professional nurses.

In the areas surveyed, there was a large proportion of foreign home caregivers. Long-term home
care hospital nurses are responsible for training foreign home caregivers, but when there is poor verbal
communication, it can lead to a decrease in overall communication and influence the learning efficiency
and understanding of nursing operations. The problems faced by the researchers in determining the
research content became clearer after a discussion on what images to use as communication tools in the
process of teaching, how to help home caregivers, especially foreigners, with the intubation of patients,
and the feasibility of developing apps for medical aid.

At the beginning of the study, interviews were conducted with hospital staffs about home
caregivers’ learning experiences and difficulties. These were two times semi-structured focus group
interviews in the hospital. The interviewee had to consent to the recording and the interviews were
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adjusted according to their personal experience. A manuscript was developed to help with the
questioning (Table 1). Respectively, from what the interdisciplinary cooperation norms were [6],
the manner of nurses’ communication [34], problems in home care procedures [35], expectations for
developing health education tools [36], and nursing care for intubated patients [37]. In exploring the
theoretical model, we only interviewed those working in hospitals, and the home caregivers were
observed and recorded to confirm their intention of using pictorial health education tools.

Table 1. The main scope and content of the interview.

Empty Frame Interview Questions

Interdisciplinary cooperative norms [6]
1. Introduce research directions to seek cooperation and ask if the research can be conducted in
the hospital.
2. What rules need to be adhered to?

The manner of nurses’ communication [34]
3. What are the basic conditions of the caregiver?
4. What cautions need to be taken when communicating with patients?
5. What are the basic communication methods between nurses and caregivers?

Problems in home care procedures [35]
6. What problems need to be solved in the process of home care?
7. What should the home caregivers do at home for intubated patients?
8. What methods does the nurse use to teach home caregivers skills?

Expectations for developing health education tools [36] 9. What specification of health education tools are more convenient to use?
10. From the nurse’s perspective, what are the requirements for the design of home care tools?

Nursing care for intubated patients [37] 11. What is the key content of nursing in the home care process?
12. What matters need attention in the home care process?

3.3. Participants

The participants interviewed and observed in this study were divided into three groups, designers,
medical staff, and home caregivers. In previous research, a good relationship of cooperation and
participation with the hospital was established. Hospital managers were willing to assist the participants
in the groups to solve specific problems and tasks. Participants described their ideas and perspectives
during the team meeting. One group included five hospital participants: the hospital director,
nursing supervisor, and nurses. The other group had six design participants in design research
and practice, including a teacher at the school’s research institute and five assistant researchers.
These participants conducted a preliminary group interview to build the theoretical framework and
they also participated in later research practice. Nurses from the cooperation hospital provided eight
groups of cases, all of which were home caregivers of intubation patients. Operational observation and
random interviews were conducted with the home caregivers when the theoretical framework of this
study was established.

3.4. Content Analysis

According to interviews with the medical staff, three researchers with design backgrounds were
employed to code together. The three researchers had experience in design strategy, teaching, and image
design, respectively. From the perspective of the designer, the interview results with the medical staff

were analysed and common words confirmed by trigonometric verification. The purpose was to reach
agreement among the designers with different backgrounds to find out feasible reference suggestions
and form a theoretical framework when using pictorial design to solve specific problems. The interview
text was repeatedly read and confirmed. Combined with the data processing method of grounded
theory, researchers conducted open coding to form a common coding book. Meanwhile, the operation
method and formula of content analysis [38] were used to increase the credibility of the selection of
each sentence during the interviews. This formula was used to check the degree of agreement between
the interview verbatim manuscripts and the reliability of interview manuscripts. The degree of mutual
agreement required the joint participation of the three coders to screen common statements and then,
according to the degree of mutual agreement, encode the reliability of the three coders.

The degree of mutual agreement is as follows:

Degree of mutual agreement =
N ×M

N1 + N2 + · · ·Nn
(1)
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(M is the number of the fully agreed sentences, N1~Nn are the number of participating researchers).
The content analysis reliability calculation is as follows:

Reliability =
n× (Average mutual agreement)

1 + [(n− 1) ×Average mutual agreement]
(2)

3.5. Research Ethics and Limitations

This study passed the National Cheng Kung University Human Research Ethics Review Committee
review. The home caregivers who participated in the research signed the informed consent and agreed
to be observed and interviewed. The research process was conducted with the nurse supervisor in
the hospital.

This study adopts the qualitative research method and has specific research objectives for foreign
caregivers who deal with home care intubation. It is only limited by the theoretical reference for
developing pictorial health education tools. Due to geographical limitations, this study may not apply
to other situations with home care needs as other areas may require more diversified forms of graphical
tools, solicit the advice of medical staff according to different studies, and require users to have more
reasonable and scientific evaluation forms.

4. Results

4.1. Open Coding and Axial Coding

This study conducted two in-depth interviews lasting about 60 min, which were sorted into
verbatim drafts and coded. Based on the empty framework, open coding was conducted by the three
researchers without any discussion with each other. In the first calculation of reliability, the number
of keywords in the verbatim text of the interviews was 20, 26, and 21, respectively; there were too
few common keywords because the reliability value was less than 0.6, so it was rejected. Before the
second reliability analysis, the researchers held a meeting to analyse this and found that, in the
first coding process, the reason is that the coders focused more on the researcher’s problem rather
than the nurse’s recommendations. In the second coding process, the coders were required to find
the nurses’ viewpoints on the operational needs of teaching home caregivers from the perspective,
the designer based on the interview results and to solve the problems of home care with the help of
the design method, before coding again. After discussion, the three coders extracted the number of
keywords, which were 23, 22, and 22, respectively and there were 20 common keywords. This result
is shown in Table 2. The common statement calculation formula of the final triangulation test was
20 × 3 / (23 + 22 + 22) = 0.896 and the reliability value was higher than 0.6.

According to the interview results (Table 3), the interviewees of different professional respondents
are different. Based on previous experience, the hospital management believed that the graphical
representation should be the hospital’s design of the guidance system, rather than clinical operation.
While researchers raised the issue of home care, hospital administrators raised the issue of operational
ethics. Therefore, when designers conduct research cooperation, according to the groups involved in the
research problem, they should pay attention to the physical condition of stakeholders and the degree of
physical contact in the process of research and development and abide by ethical norms. Nurses were
very concerned about the operating details and thought they might occur problems in communication
during the nursing process. The nurse and patient communication tools, for example, used phonetic or
pinyin boards. More patients were spelling slowly, reducing communication efficiency. The researchers
mentioned that in long-term home care, communication with the elderly being intubated, if there is a
graphical representation, it will make it easier for home caregivers to do it.
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Table 2. Interview reliability.

Times Researcher 1 Researcher 2 Researcher 3 Common Sentence Mutual Agreement Reliability

1 20 26 21 2 0.090 0.228
2 23 22 22 20 0.896 0.962

Table 3. Open coding and axial coding.

Axial Coding The Theme Open Coding Role Source

Method of
interdisciplinary
cooperation (AC01)

Researchers and nurses need to work together

Researchers can follow them on the front line,
the research topic may change, the data will be
more refined.

Hospital manager CA01-51

Help the nurse with real difficulties

Learn as much as you can from nurses, observe their
problems and help solve them. The design of the icon
registration section has been developed and
published before.

Hospital manager CA01-58

Speaking right of cooperation
So, let’s start with three-tube care, which is to give
you the video and paperwork. Map out the steps and
bring them up when we visit the home.

Nurse CB02-57

Medical research
ethics (AC02)

Observe research ethics and avoid disputes

When doing research, patients are involved and there
will be patient privacy, so relevant regulations should
be adhered to.

Hospital manager CA01-54

Attitude of the patient and family We need the consent of the patient and the family first. Nurse CB02-18

Communication
methods (AC03)

Communication is important in nursing and
details need to be improved

(Researcher: During direct demonstration, in which
cycle did the problem appear?) The nurse
replied: Communication.

Nurse CB02-51

How nurses teach and communicate with
home caregivers

There is no video, all procedures are on-the-spot
demonstrations. Nurse CB02-49

The nurses explain the background of
home caregivers Indonesia predominates, as does the Philippines. Nurse CB02-26

Existing communication tools are pen and paper Written on paper, Chinese characters. Nurse CB02-83

Nurses rely on personal experience to
communicate and it is difficult for patients to
express their true wishes

Guess with experience and then describe the meaning
roughly to family members. The patient only nods
and shakes their head.

Nurse CB02-85

There is a communication barrier between nurses
and patients and it is very difficult for patients to
express themselves, so nurses need to guess what
patients think during communication.

He (the patient) communicated with me using his
hands and feet because he can only say a few words;
the patient got angry. The patient can make breathing
sounds, but I can probably understand them. In terms
of communication, he only listens to what he wants
to hear.

Nurse CB02-173

Health education
tools form (AC04)

Nurses’ expectations of health education tools
What if it’s A4 size? Wall charts are not convenient
in case there is no place to hang them. Nurse CB02-148

Nurses use health education tools in the form of
traditional printed products, but the size of the
tools need to be easy to use

(We) think you can use A4 size to make a small
manual and then coil it into a book, it’s easy to turn
pages. This will be easier than wall charts.

Nurse CB02-150

Health education
tools development
(AC05)

The development of health educational tools
requires recording of specific processes, but some
steps may not be completed in a
simulated environment

We can start with a medical dummy. But we need to
know the structure of the medical dummy first.
Whether the nasogastric tube can be inserted
is uncertain.

Nurse CB02-37

Uncertainty factors in the way health education
tools are developed and it is important to find an
appropriate way to demonstrate an operation

We could look for a similar standard movie for your
reference, or we could try to send you a video. It is
mainly about the technology of placing tubes and care.

Nurse CB02-42

Intubation home care
operation (AC06)

A step-by-step demonstration of the operating
process is required That step will slowly decompose. Nurse CB02-15

Difficulties in the operation of home caregivers

Most of the body cleaning is fine, only the technical
aspects, such as turning the patient over and getting
them in and out of bed.

Nurse CB02-65

The main problems considered by nurses in
home care is the aseptic operation of intubated
patients

In my opinion, intubation should not be the main
focus of carers, but care should be mainly about
disinfection and how to observe the principle
of sterility.

Nurse CB02-156

Operational considerations and concerns

For example, matters needing attention in terms of the
nasogastric tube as it is so long. We will measure and
cut a suitable length and insert it. Then how to teach
the family members and carers to confirm the tube is
in and how to avoid it slipping.

Nurse CB02-159

Nurses also realised that text might not be
suitable for home care, so education tools were
repeatedly proposed during operation

You can’t read the text directly, but we can use a
medical dummy. Then provide written information
while giving guidance.

Nurse CB02-168

According to the open coding process discovered that hospital managers were concerned about
the interdisciplinary cooperation method and ethical medical research, and thought that the researchers
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should have empathy, follow nurses in clinical operation and adjust the research direction according to
the requirements of the nurses. Furthermore, research information should be as detailed as possible
and research ethics in the process of cooperation was very important, especially in gaining consent
from the family. If the patient or family did not give consent, the research could not go ahead.

Nurses had some doubts about whether design can actually help understanding the caring process
of patients with intubation operation, they asked researchers to develop a sample of graphic tools
based the videos and written materials in patients with intubation operation. This also avoided ethical
issues about intubation and enabled the realisation that the placement of the tube could be difficult
for non-specialists. When the researchers mentioned health education tools for learning, nurses were
more inclined to use traditional textbooks. This may be associated with aseptic manipulation in the
operational process as there may not be anywhere to put up wall charts in the home environment
or use electronic devices, such as a mobile phone, might not be able to solve the problem of hands
operation, other wearable device size is too small, not convenient to prompt operation. Therefore,
finally put forward the health education tools A4 paper printed format.

Nurses believe that long-term home care should not focus on intubation but detailed care in the
home environment. Although nurses consider these actions to be basic, the layman may have difficulty
in the home care process. Studies have shown that nurses believe that more than half of home care
infections are caused during intubation [39] and infection or cleaning in the home environment is
a very important issue. Work for home caregivers, in addition to the problems of intubation care,
involve physical work. When nurses described the communication behaviours of caregivers with years
of nursing experience, they indicated that videos were not used for teaching, but direct demonstration
was given on the spot. In terms of the number of home caregivers at present, foreign caregivers are in
the majority and nurses used paper to communicate with patients.

In the process of interdisciplinary cooperation, detailed communication was required during
the interviews because of the different professional backgrounds involved. Although there are many
communication problems between nurses and patients or caregivers, new health education tools
had not been considered to improve the current situation. Nurses’ communication, especially with
patients who cannot make a sound, is based on guesswork and experienced judgment; communication
with foreign caregivers cannot be conducted verbally. Given these two communication issues,
burses still think they can make a judgement based on previous experience and this may affect
the accuracy of the communication process. From the perspective of developing pictorial health
education tools, the researchers with design backgrounds believed they can effectively assist nurses
in communicating and teaching; thus, improving the quality of home care operations. However,
sometimes these researchers failed to pay attention to detailed operational procedures and ethical issues
in the cooperation process. Despite the good intentions of the researchers, nurses were still reluctant to
cooperate because their daily work is very complicated and they need to communicate with many
people. Information visualisation can promote the basic knowledge of home care for the public and
visual health education tools can improve doctor-patient communication and services if professional
design skills are used. It is difficult for designers without a nursing background to assist nurses because
they are not familiar with the professional operation of nursing. If they do not communicate in-depth
with nurses, the design output may not have a practical application in the field. On the other hand,
designers also need to learn about nurses’ workflow and form clear steps in developing graphics.
During the interviews, the researchers developed six axial coding statements, namely, the method of
interdisciplinary cooperation (AC01), medical research ethics (AC02), communication methods (AC03),
forms of health education tools (AC04), development of health education tools (AC05), and intubation
home care operations (AC06).

4.2. The Quantities Relationship between Facts and Axial Coding in Interdisciplinary Cooperation

According to the operational steps of grounded theory, after axial coding was confirmed,
the researcher selectively coded according to the context of the interviews. The selective encoding
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table represented the relationship between axial and interview facts and how they overlapped because
it was necessary to find factual descriptions of the mutually supporting relationship between different
axials in the context relationship and the specific quantitative relationships used in Table 4.

Table 4. Selective coding table: Quantitative relationship between axial coding and interview facts.
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video. It is mainly about the technology of
placing tubes and care.

Intubation home
care operation
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Difficulties in the operation of home
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Most of the body cleaning is fine, only the
technical aspects, such as turning the patient
over and getting them in and out of bed.

Nurse CB02-65
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According to the operational steps of grounded theory, after axial coding was confirmed, the
researcher selectively coded according to the context of the interviews. The selective encoding table
represented the relationship between axial and interview facts and how they overlapped because it
was necessary to find factual descriptions of the mutually supporting relationship between
different axials in the context relationship and the specific quantitative relationships used in Table
4.

Table 4. Selective coding table: Quantitative relationship between axial coding and interview facts.

Axial
Coding

AC01 AC02 AC03 AC04 AC05 AC06

AC01

AC02
1

1

AC03
1 1

AC04
1

AC05
1

1

AC06
2 1 2 1

Proposition 1. Interaction between the method of interdisciplinary cooperation (AC01) and medical research
ethics (AC02).

 Researchers can follow them on the front line, the research topic may change, the data will be more
refined. (Researcher: We need to come over frequently for our investigation). When doing research,
patients are involved and there will be patient privacy, so relevant regulations should be adhered to
(CA01-54).

Proposition 1. Interaction between the method of interdisciplinary cooperation (AC01) and medical research
ethics (AC02).

• Researchers can follow them on the front line, the research topic may change, the data will be more refined.
(Researcher: We need to come over frequently for our investigation). When doing research, patients are
involved and there will be patient privacy, so relevant regulations should be adhered to (CA01-54).

• (Researcher: Let’s start with the case today). Learn as much as you can from nurses, observe their
problems and help solve them. The design of the icon registration section has been developed and published
before (CA01-58).

Proposition 2. The method of interdisciplinary cooperation (AC01) influences the intubation home care
operation (AC06).

• (The design background researcher explained that the ethical review of the study had been done and
suggested that the study would not involve patients. In the study, the researcher showed uncertainty about
the health education tools in the interdisciplinary cooperation process and asked the nurses to give relevant
advice) If you want to take pictures (as the record), you may have to match our(the nurses) time and then
you can take pictures beside us when we are working. That step will slowly decompose (CB02-15).

• So, let’s start with three-tube care, which is to give you the video and the paperwork. Map out the steps and
bring them up when we visit the home. Most of the body cleaning is fine, only the technical aspects, such as
turning the patient over and getting them in and out of bed (CB02-65).

Proposition 3. Intubation home care operation (AC06) influences medical research ethics (AC02).

• (The nurses suggested that the intubation procedure should be photographed and the researcher confirmed
if the photography and video were available). Yes, but we need the consent of the patient and the family
first (CB02-18).

393



Healthcare 2020, 8, 205

Proposition 4. Communication methods (AC03) and health education tools development (AC05) influence each
other and communication methods (AC03) also influence the method of interdisciplinary cooperation (AC01)
and form of health education tools (AC04).

• (The researchers asked about the origin of the foreign caregivers). Indonesia predominates, as does the
Philippines. (The researcher asked about the language of the health education tool, whether a simulation
demonstration could be conducted). We can start with a medical dummy. But we need to know the
structure of the medical dummy first. Whether the nasogastric tube can be inserted is uncertain (CB02-37).

• We could look for a similar standard movie for your reference or we could try to send you a video. It is
mainly about our technology of placing tubes and care. (Researcher: We are probably going to bother you if
you have to teach them what to prepare beforehand and then you have to do the homework. After all, we are
non-professional majors, but we will watch relevant videos first to understand. If there are any questions,
we will ask you again. Have you used videos to teach foreign caregivers in the past?) There is no video,
just direct on-the-spot demonstrations (CB02-49).

• (Researcher: During direct demonstration, in which cycle did the problem appear?) The nurse replied:
Communication. (According to the interview, the researcher further proposed drawing a step-by-step
diagram after watching the video to see if a wall chart could be adopted. If there was any problem, it could
be adjusted). So, let’s start with three-tube care, which is to give you the video and the paperwork. Map out
the steps and bring them up when we visit the home (CB02-57).

• What if it’s A4 size? Wall charts are not convenient in case there is no place to hang them (CB02-148).

Proposition 5. Intubation home care operation (AC06) and medical research ethics (AC02) influence the
communication method (AC03).

• Most of the body cleaning is fine, only the technical aspects, such as turning the patient over and getting
them in and out of bed. (In terms of studying, researchers suggested there was very little data on the
operation of basic nursing skills and caregivers would not buy such material. However, home caregivers’
skills are important and improper operation may result in injured patients. Practical demonstration may be
easier to understand, the video still has disparity compare with the fact operation, and then the researcher
consulted the nurse commonly the method of communication with the intubation patient at present).
Written on paper, Chinese characters (CB02-83).

• (The researcher asked about preparing the consent form and nurses told them to prepare it by themselves as
they needed to know the language used by foreign home caregivers). Indonesia predominates, as does the
Philippines (CB02-26).

• You can’t read the text directly, but we can use a medical dummy, then provide written information while
giving guidance. (Researcher: Are there any examples of how patients cannot communicate? Nurse:
I have one here at the nursing home. Researcher: What do you use when you need to communicate with
patients?) He (the patient) communicated with me using his hands and feet because he can only say a few
words; the patient got angry. The patient can make breathing sounds, but I can probably understand them.
In terms of communication, he only listens to what he wants to hear (CB02-173).

Proposition 6. The form of health education tools (AC04) influence intubation home care operation (AC06).

• (We) think you can use A4 size to make a small manual and then coil it into a book so it’s easy to turn pages.
This will be easier than wall charts. (The researcher proposed preparing several forms of health education
tools. Only after testing can we know which pictorials can be truly understood. The nurse’s assistance
and modification may be needed in the drawing.) In my opinion, intubation should not be the main focus
of carers, but care should be mainly about disinfection and how to observe the principle of sterility. It is
mainly about the care of the tubes. We (nurses) have to change the tubes (CB02-156).
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4.3. Home Caregivers’ Point of View

Through observing home caregivers, we found that their experience was valued by most
families, but the initial source of nursing knowledge was diversified through either professional or
non-professional channels. Most of the intubation home care was learned only by temporary learning
or contact with users. Some caregivers need on-the-job training in nursing homes or are trained
by nurses; they can also learn from a family member or mutual learning between home caregivers.
Regardless of the stage of training or experience, home caregivers can learn from doctors or nurses,
according to each patients’ needs. A long period spent in home care can build a good relationship
with patients.

Before intubation caring, nurses would ask the caregivers about their patients’ condition.
Some patients used more than one intubation method, but nurses seldom asked their families.
Home caregivers undertake detailed observation of their patients in home care. The process of
removing nasogastric tubes is very painful for the patient. In addition to the nurse’s verbal soothing
process, the caregiver must be beside the patient to comfort them. The patient cannot express his
discomfort verbally, only by expression, shouting and gesturing. Although some patients are old,
they are still fully conscious and they did not want to be seen by others when the tubes were replaced.
Therefore, they were only observed by nurses and main researchers.

In the process of independent home care, home caregivers need to keep close contact with nurses.
On the one hand, intubation needs to be performed by nurses, and on the other hand, home caregivers
need to provide timely feedback about their patient’s condition. It is easy for caregivers to forget the
steps. Sometimes they use mobile chat software to friends or nurses about the caring details.

Home caregiver 2 indicated that the manual was effective and that bilingual text can help them
understanding the care process correctly. Due to language limitations, the researcher provided home
caregiver one case an intubation home care graphical manual for their reference. She pointed out the
illustrated diagram and Indonesian text helped her understand how to care properly. The case of
home caregiver 2 will resign her job soon and replace a new caregiver. During the transition period,
home caregiver 2 will need to teach the new home caregiver using a graphic manual. In case of
home caregiver 3, family members helped with teaching and supervision, indicating that having
this graphic manual was helpful for their caregiver’s learning and recall. Along with the graphics,
corresponding native language assistance was provided. In the case of home caregiver 4, she did
not learn about the procedure for nursing the nasogastric tube; therefore, the nurse had to teach
her from the beginning. Home caregiver 5’s patient was elderly, but was still fully conscious and
could understand the intubation graphics; she found it very helpful. In the case of home caregiver 7,
the caregiver can speak mandarin fluently, and her learning ability quite good; she had taken care
of her particular patient for about six months and could understand the manual. The case of home
caregiver 8 was quite old, and took care of the patient by herself most of the time; she took quite a long
time to learn the material and had a slower recall. Nurses suggested that for new or slow learners,
it was helpful for them to learn how to care for patients using graphic health education tools. First,
they pointed out the steps to be done with a manual and then demonstrated the actual operation. Use a
graphic manual to assist nurses in teaching process communication, and the caregivers can go over
the manual by themselves. The graphic is also helpful to recall the operation process of nursing care.
The caregivers cannot read Chinese, and graphics with Indonesian keywords can be understood well.

4.4. Theoretical Framework for Pictorial Processes in Long-Term Home Care and Communication
Problem-Solving Strategies

The researchers put forward the case for developing a health education tool for intubation
nursing. They had to respect the wishes of hospital nurses, but also make the tool convenient for
home caregivers. After the tool was developed, according to the theoretical framework, it was
promoted to nurses and home caregivers to improve communication in teaching and learning. The tool
was based on the relationship of selective coding with facts and graphic information was added,
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according to an adapted AAC diamond model. The diamond model plays an important role in
the problem-solving process and is also used in the teaching process of tool development in the
health sector [40]. A theoretical framework similar to the diamond model was discovered after the
interviews. Combining or replacing oral expression in communication, it discusses the application
of the assisted oral method to communicate with home caregivers in the field of medical care and
develops a communication tool for health education suitable for application (Figure 2).

Figure 1. Exploring pictorial health education tools for long-term home care research.

Figure 2. Theoretical framework: Augmentative and Alternative Communication (AAC) diamond model.
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Figure 2. Theoretical framework: Augmentative and Alternative Communication (AAC) diamond model.

Communication in the medical environment is a very special social communication and the
relationship between doctor–patient can affect how they interact. Regional studies suggest that
many factors can cause poor communication between nurses and patients, such as language ability,
nurses’ workload, remuneration, and time management, all of which affect the nurses’ communication
behaviours and intentions [41]. Factors such as multiple uses of nursing tools, training, and clinical
experience may influence nurses’ willingness to use them [42]. Instrumental communication translates
into tool-based teaching and learning relationships. In essence, the assistance tool transforms the
communication mode between nurses and caregivers, improves the understanding of the medical
process, and indirectly affects the doctor–patient relationship. However, different patients may
have different standards of satisfaction, not only the satisfaction in the nursing process but also
their expression, movement, tone, and environment. The emergence of communication tools and
intermediaries to coordinate and communicate the needs of both sides can help the medical and the
patient side to make better medical decisions and provide patient-centred services. Nurses described a
home setting to the researchers:

In the past, if a caregiver had a poor memory, you gave them a video. The average person can’t
remember so many steps and precautions. Nurses teach in Indonesian or Vietnamese using health
education leaflets provided by existing institutions and as there are no graphics, they can only describe
them orally. To see how well caregivers are learning, it would be better to have a pictorial manual.

5. Discussion

5.1. Assist Medical Staff to Solve Real Problems

During the interviews, when the researcher proposed the need for frequent communication with
nurses and relevant field observations, hospital managers repeatedly stressed that researchers should
work with nurses to present real data, that patients’ privacy should be covered by medical research
ethics and that researchers should empathise with interdisciplinary research [43]. Because there were
many cases of interdisciplinary cooperation, there was a need to develop tools that helped nurses
solve real practical problems. There was a concern that cooperative research did not understand the
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application, the hospital would lose momentum and the research would have to be applicable in
practice. Nurses needed the tools to facilitate teaching carers or learning content, but in researching
what was needed, the designer had to create the operation details as a beginner. The researchers
wanted to choose the relevant intubation content but found that nurses who teach in the home care
setting needed to teach nonprofessional carers how to avoid adverse impact on the patients. Therefore,
in cooperation with the designers, nurses decided whether to use textbooks or videos and determine
the most needed aspects of home care. To demonstrate the intubation procedure, the designer lacked
the medical knowledge, especially in the home care setting, making it vital to cooperate with medical
staff, when necessary, to understand the problems of home care in the learning process. At the same
time, nurses lacked the design skills of drawing flowcharts, which is what designers are good at.
However, at times, nurses did not think this part was important because of their workload. Cross-field
cooperation is a process where different specialities complement each other and exchange mutual
professional cognition, which may ultimately affect the form of intubation operation in a home
care setting.

5.2. Professional Norms and Forms in Interprofessional Cooperation

Medical personnel have repeatedly emphasised medical ethics and believe that in the process of
home care cooperation, consent should be obtained from the patient’s family to avoid unnecessary
disputes. It is suggested that researchers should review medical ethics, whether in the process of
intubation care or the development of health education tools. Stakeholders’ information should be
confidential and used only in the study. The hospital should assign a supervisor to guide the entire study
process during the nurse’s operation and record the process. As the home caregiver is of mostly foreign
nationality, the development and form of health education tools may be affected and text and image
should be considered in the design. When nursing professionals and non-professionals have different
levels of knowledge and communication ability, misunderstandings may occur. Interventions and
tools can form the basis for effective communication [44]. Nurses believe that the biggest problem in
the operation process is communication, so a schematic design of the home care intubation process
should be completed and then a health education tool, applicable to the home care setting, should be
developed. Nurses provide immediate on-the-spot demonstrations of the intubation process, which is
the teach-back method [45]. In this study, nurses thought that the researchers should draw images
from the video, which may affect the accuracy of the graphics, because of the cooperation at the
beginning may increase in their workload, and it was also possible that could influence the willingness
of nurses to cooperate. In the interview, nurses had expectations about the form of health education
tools. The researchers proposed two different methods of communication (electronic or traditional
wall chart), but the nurses thought the form of the health education tool can be an A4 size with colour
printing and a Wire-O binding form, mainly related to the nurses in clinical operation convenience.

5.3. The Form of Health Education Tools Has to Meet the Needs of Medical Staff and Home Caregivers

In the process of nursing operations, non-medical professionals have some difficulty in understanding
and remembering the details. There is a big difference between the hospital side and patient side in terms
of medical knowledge, so hospital staff need to recognise the knowledge level of patients to help them
understand the content and they should also consider using hints [46]. When the language involved is
not the mother language, it affects various social and cultural relationships. To attract the attention of
stakeholders, the nursing team should provide relevant solutions for the communication barriers based on
medical language [47]. Additionally, foreign carers’ lack of language ability further affects communication.
If the family members do not agree, then new health education tools cannot be applied in the nursing
process, which will continue to affect communication. Medical personnel and the design professionals were
consistent in understanding research ethics and agreed that medical ethics needed to be strictly followed
for the process of interdisciplinary research and cooperation to run smoothly.
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Nurses thought it was more convenient to make health education tools into a manual.
The intubation method was not the main concern of home care; the main focus was to follow
the principles of disinfection and asepsis. The medical environment is composed of different services
and professionals and effective professional collaboration is necessary to ensure the quality of care for
patients and the overall medical care system [48]. The nurses’ opinion on the form of health education
tools was different from the designers. The designer hoped to use a more novel technical solution
to help the clinical teaching process of nursing, but nurses thought that traditional printed matter
was more conducive to the teaching process. At first, the design professionals wanted to draw the
intubation teaching steps, but the nurses explained that professionals were still needed in the home
care setting to perform the operation as home caregivers lacked the medical knowledge. They stated
that home caregivers needed to concentrate on cleaning and hygiene. In terms of home care, the public
wants medical institutions to provide flexible services and ensure communication is effective between
nurses, home caregivers, patients and their families and that nursing is provided according to the
requirements of individual patients, providing humanist care services [49].

5.4. Pay Attention to Communication Behaviour in the Nursing Process

Gerber (2016) proposed solving doctor–patient communication problems with philosophical
methods. Non-traditional communication methods were applied and new tools developed that used
reasonable processes in specific situations that could overcome communication barriers in diagnosis
and treatment [50]. In communication theory, Habermas outlined four aspects that included tools,
strategies, language and communication. Tools conveyed an object; a strategy was adopted by both
sides in reaching a consensus of how to communicate, especially when there was a language difference
or communication barrier. In the act of communication, clarity, truth, correctness, and appropriateness
of the information was considered effective. Communication behaviours in an information system
should be based on a well-structured communication path, considering the information symmetry of
both parties [51]. Habermas believed that communication should be guided by mutual understanding,
consensus should be reached between the two parties in the communication process and all participants
in the system should be involved [52].

From the perspective of Habermas, nurses needed to face two aspects in the field of nursing.
One was the responsibility they assumed for their service and the other was the obligation undertaken
in operating the social system [53]. Mishler adopted Habermas’ point of view in the process of medical
relationships in that doctor-patient communication was very difficult to control and understand.
The researchers recorded the statements about doctor–patient communication in real life, analysed the
linguistics and concluded that communication behaviour should be based on ethical definitions
and that technology can realise the rationality of communication so that both sides can understand
and communicate [54].

Our model demonstrated that communication mode is the core of the theoretical framework
and the problems encountered in the study should be clarified to improve the communication mode.
Using the Johari window model to analyse the known and unknown aspects of communication
between the hospital and the patient can be improved in the applied theoretical framework and later,
in the development process of the graphical health education tools (Table 5). The Johari window
analysis method found that the problem of communication was composed of four dimensions in a
matrix of 2 × 2 [55]: the process of long-term home care, the problem in each region, the improvement
of communication behaviour and communication tools, and changing the method of communication
between the hospital and the patient.
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Table 5. Johari Window analysis of communication between hospital staff and patients.

Intervention Tools: Communication Behaviours
and Intervention of Communication Tools
(Language, Text, Image, Body, etc.)

Hospital Staff: Doctors and Nurses

Known Unknown

Patient Side: Patients, family
members and home caregivers

Known

Arena

• The patient needs home care
• Existing symptoms of the patient
• The physical statement of the patient

Blindspot

• An accurate representation of a disease or
symptom by the patient

• The influence of mood, tone, and attitude on
the other communication side

• Communication in different situations

Unknown

Facade

• Care methods
• Treatment of symptoms
• Methods of home care
• Steps of home care

Unknown

• The patient’s accuracy of expression
• Whether caregivers and family members have

adequate health literacy
• Whether the patient’s side has an

understanding of nursing knowledge

6. Conclusions

This study can assist designers to explore the theoretical basis of pictorial health education tools
for nurses in the context of long-term care at home. The communication process is a complex process
involving not only the home care operation details, interdisciplinary cooperation, and medical ethics,
but attention also needs to be paid to the development of communication tools and morphology.
Nurses need to acknowledge the long-term home care patient’s expression and the demands of
home caregivers. They also need to cooperate with professional designers to develop pictorial health
education tools and provide home caregivers with an easier method of understanding operational
procedures and communication.

Interdisciplinary cooperation needs both groups to understand each other as much as possible
without affecting each other’s operating conditions. This is difficult because cooperation needs both
sides to have common knowledge and experiences, or at least respect for each other’s knowledge,
experience, and operational methods. Cooperation in this study highlighted what both groups were
good at; they had frequent question and answer sessions during the process, operational errors could
be corrected and once the design professionals had developed the flowchart, it could be used for
hospital nursing staff to teach home caregivers in the future.
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Abstract: The National Institutes of Health Stroke Scale (NIHSS) is commonly used to triage and
monitor the evolution of stroke victims. Data regarding NIHSS knowledge in nurses and physicians
working with stroke patients are scarce, and a progressive decline in specific knowledge regarding
this challenging scale is to be expected even among NIHSS certified personnel. This protocol
was designed according to the CONSORT-eHealth (Consolidated Standards of Reporting Trials)
guidelines. It describes the design of a randomized controlled trial whose primary objective is to
determine if nurses and physicians who work in stroke units improve their NIHSS knowledge more
significantly after following a highly interactive e-learning module than after following the traditional
didactic video. Univariate and multivariable linear regression will be used to analyze the primary
outcome, which will be the difference between the score on a 50-question quiz answered before
and immediately after following the allocated learning material. Secondary outcomes will include
knowledge retention at one month, assessed using the same 50-question quiz, user satisfaction, user
course duration perception, and probability of recommending the allocated learning method. The
study is scheduled to begin during the first semester of 2022.

Keywords: NIHSS; e-learning; video; NIHSS certification; stroke; stroke unit; medical education;
continuous education

1. Introduction
1.1. Background

Stroke is a frequent and time-critical emergency associated with significant morbidity
and mortality [1,2]. Even though relative stroke incidence and mortality have declined
since 1990, the expansion of the global population has resulted in an overall increase
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in the absolute number of strokes [3]. In the context of the COVID-19 pandemic, an
association between SARS-CoV-2 infection and stroke has been described, with infected
patients being at higher risk of worse functional outcomes and even death [4]. Efficiently
assessing stroke victims is therefore more important than ever to limit the high morbidity
burden associated with this pathology. Indeed, some interventions, such as intravenous
thrombolysis and thrombectomy, improve functional and survival prognosis after stroke [1].
As these treatments are more effective when performed rapidly, cerebral imagery must be
promptly obtained after patient admission. Scanners and Magnetic Resonance Imaging
units are, however, often overloaded and overbooked [5,6], and delays in obtaining cerebral
imagery are associated with worse functional and survival outcomes [7]. Adequate and
timely triage is therefore mandatory, and most guidelines recommend using the National
Institutes of Health Stroke Scale (NIHSS) to triage stroke victims for revascularization
treatments [5,8]. Both patients with very mild [9] and very severe stroke [10] have their
particularities of presentations, causes, and outcomes. Moreover, the NIHSS is also used in
many stroke units to monitor the patients’ evolution [11,12], with neurological monitoring
every 6 h being mandatory in Swiss stroke units in the initial surveillance phase after
stroke [13]. It is therefore critical that stroke unit personnel master the application of this
scale, as interpersonal variability in its interpretation can lead to inappropriate diagnostic
or therapeutic procedures [14].

Digital learning resources play an important role in education today [15]. Over the last
decade, e-learning modules have become popular in health professional education [16,17].
Medical and paramedical personnel often work in shift patterns, thus greatly limiting their
availability for traditional teaching sessions. E-learning modules are very helpful in this
setting, as the content can be viewed without time constraints, can be interrupted and
resumed as needed, and can be highly interactive. Self-paced highly interactive e-learning
modules have been shown to improve user satisfaction [18,19].

Traditionally, the NIHSS has been taught using a didactic video created by Dr. P.
Lyden [20], which is freely available on the internet [21]. Although usually effective in
teaching medical procedures [22], videos lack interactivity, making them less engaging
than interactive learning materials. However, engagement has been shown to improve
knowledge acquisition [23,24].

To enhance learner engagement, we have created a highly interactive electronic
learning (e-learning) module using Storyline (Articulate Global, Inc., New York, NY,
USA). This module was shown to be more effective than the traditional didactic video
in paramedics [18] and in medical students [19]. However, the two prior studies assess-
ing the impact of this e-learning module were carried out in populations naïve to the
use of this scale. Moreover, these studies were not designed to determine an effect on
knowledge retention.

With time, nurses and physicians working in a stroke unit might have forgotten or
overlooked certain key aspects of the application of the NIHSS. We hypothesize that our e-
learning module might be more effective in reminding them of the principles underlying the
application of the NIHSS than the traditional didactic video. We furthermore hypothesize
that knowledge retention at one month should be higher after following this module.

1.2. Objectives

Our primary objective is to determine if healthcare workers belonging to a stroke unit
improve their NIHSS knowledge more significantly after following a highly interactive
e-learning module than after following the traditional didactic video.

The secondary objectives are to perform a cross-sectional description of actual NIHSS
knowledge in these specific wards and to determine whether following either training
material allows better retention of knowledge at one month.
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2. Materials and Methods
2.1. Study Design and Setting

A prospective, multi-centric, web-based, triple-blind (participants, investigators, data
analyst) randomized controlled trial will be carried out following the CONSORT-eHealth
guidelines [25] and integrating elements from the Checklist for Reporting Results of Internet
E-Surveys (CHERRIES) (Figure 1) [26].

Figure 1. Study design.

2.2. Online Platform

An internet-based and GDPR (General Data Protection Regulation)-compliant study
platform will be created using the Joomla 3.9 content management system (Open Source
Matters, Inc., New York, NY, USA) [27]. Randomization will be stratified according
to professional status (nurse or resident physician), prior NIHSS knowledge (limited,
moderate, or extended), and institution by virtue of specific links displayed on the front
page. Clicking on the appropriate link will automatically randomize the participant
into one of two groups (video or e-learning) through the use of Gegabyte’s Random
Article module [28]. A specific and straightforward registration form (Membership Pro,
Joomdonation [29]) will then be displayed. Participants will have to enter and confirm a
valid e-mail address, choose a secure password, and validate a captcha field. After clicking
on the “Register” button, a generic email containing a data policy statement will be sent
to the email address entered by the participant. Simultaneously, the participant will be
automatically logged in and a first questionnaire will be displayed.

2.3. First Questionnaire

This questionnaire (Table 1) is designed to gather all relevant demographic informa-
tion regarding the participant and to obtain data regarding their prior NIHSS training
and knowledge. It will be administered using the Community Surveys 5.6 component
(CoreJoomla) [30].
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Table 1. First questionnaire.

Page Field Original Question English Translation

1 Demographics

Age Age a

Genre Gender b

Années d’expérience clinique au total Number of years of total clinical experience a

Années d’expérience clinique dans un
service de neurologie et/ou de
neurochirurgie

Number of years of clinical experience in a
neurology and/or neurosurgery ward a

Maîtrise du Français French proficiency c

Maîtrise de l’Anglais English proficiency c

Dans quel service travaillez-vous
principalement:
• Unité

Cérébrovasculaire—surveillance
continue

• Unité Cérébrovasculaire-étage
• Etage de neurologie
• Soins intermédiaires de neurologie
• Etage de neurochirurgie
• Soins intermédiaires de

neurochirurgie
• Autre

In which ward do you most frequently
work: b

• Stroke unit-surveillance unit
• Stroke unit-regular ward
• Neurology ward
• Neurology intermediate care unit
• Neurosurgical ward
• Neurosurgical intermediate care unit
• Other

2 Prior NIHSS knowledge

Avez-vous effectué une formation interne
du service pour apprendre à faire une
évaluation NIHSS?

Have you completed an in house NIHSS
training? b

Avez-vous complété une formation
certifiante officielle NIHSS?

Have you completed the official NIHSS
certification course? b

Nombre d’années de pratique avec
l’échelle NIHSS

Number of years of clinical experience with
the NIHSS scale a

Fréquence d’application du NIHSS:
• Plusieurs fois par jour
• Environ 1 fois par jour
• Environ 1 fois par semaine
• Environ 1 fois par mois
• Très rarement ou jamais

NIHSS use frequency: b

• Many times per day
• Circa once a day
• Circa once a week
• Circa once per month
• Almost never or never

Je me sens à l’aise par rapport à
l’application du NIHSS I feel comfortable using the NIHSS c

a Regex: regular expression validation. b MCQ: multiple-choice question (only one answer accepted). c 5-point Likert scale.

Regular expression (Regex) rules will be used to avoid invalid data entry. A 5-
point Likert scale (very low/not at all to very high/very much) will be used to record
appropriate data.

After completing this first questionnaire, participants will be redirected to a first
50-question quiz designed to assess their baseline knowledge. This quiz is identical to the
one used in our previous studies [18,19]. After completing this quiz, participants will be
shown the training material they have been allocated to.

2.4. Learning Material

The control group will follow the traditional didactic video created by Dr. P. Lyden [20],
USA, which we have subtitled in French [31]. Meanwhile, the e-learning group will be
presented with version 21c of our e-learning module [32]. This module was created using
Storyline 3 (Articulate Global Inc., New York, NY, USA) and contains 184 interactive slides.
Its structure follows the logic supporting the NIHSS (Figure 2).
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Participants are required to go through all 12 chapters before reaching the final chapter,
which summarizes the entire NIHSS score. Video extracts taken from the original didactic
video have been embedded in each chapter (Figure 3), as their presence has been shown to
improve knowledge acquisition [19].

In this module, quizzes and feedback [33,34] are used extensively to enhance learner
engagement and promote knowledge acquisition (Figure 4). Whenever the learner gives a
wrong answer, the feedback message includes the possibility to review the scoring logic
related to the specific NIHSS item being tested.

Depending on the complexity of the item, specific animations or interactions are used
to facilitate knowledge acquisition. This is for example the case for visual fields (Figure 5)
and for extinction/inattention (Figure 6).

Figure 2. Table of contents of the interactive e-learning module.

407



Healthcare 2021, 9, 1460

Figure 3. Embedded video and quiz interaction.

Figure 4. Feedback displayed after a wrong answer.
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Figure 5. Interactive slide used to remind or teach visual fields.

Figure 6. Interactive slide used to remind or teach the concept of extinction.
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After completing the learning material, participants will be asked to answer the same
50-question quiz to determine their knowledge acquisition. At the end of this quiz, a
post-course satisfaction questionnaire will be displayed (Table 2).

Table 2. Post-course questionnaire.

Page Field Original Question English Translation

1

Prior NIHSS learning method
exposition

Aviez-vous déjà suivi cette méthode de
formation au NIHSS?

Had you already been exposed to this
NIHSS learning method in the past? a

Quand avez-vous suivi cette formation?
• Il y a moins d’un mois
• Il y a moins de 6 mois
• Il y a moins d’un an
• Il y a plus d’un an
• Je ne me souviens pas

When did you undergo this training?
• Less than a month ago
• Less than 6 months ago
• Less than one year ago
• More than one year ago
• I do not remember

Current training-context

Dans quel cadre avez-vous suivi cette
formation?
• Demandée par mon service
• Trouvée cette formation sur

internet par hazard
• Information recue par email

In which context did you undergo this
training?
• Required by my employers
• Found it online by chance
• Information received via email

Current training-satisfaction

Comment évaluez-vous le niveau de
difficulté global de cette formation?

How would you access the overall
difficulty level of this training? b

Que pensez-vous de la durée de cette
méthode de formation?

What do you think about the duration
of this training? b

Quel est votre niveau de satisfaction
concernant la méthode de formation?

What is your level of satisfaction
regarding the learning method? b

Recommanderiez-vous cette méthode
de formation à vos collègues?

Would you recommend this training
method to your colleagues? b

Avez-vous des commentaires
supplémentaires? Do you have any additional comments?

a MCQ: multiple choice question (only one answer accepted). b 5-point Likert scale.

2.5. Knowledge Retention

One month (28 days) after completing the second 50-question quiz, participants will
receive an email inviting them to test their knowledge retention. After completing this last
questionnaire, they will be awarded a course completion certificate. There will be no other
incentive to promote their participation.

2.6. Outcomes

The primary outcome will be the difference between the score on the 50-question
quiz answered before and after following the allocated learning material. Secondary
outcomes will be the overall performance in the pre-course 50-question quiz according to
profession and prior NIHSS experience, performance in the same quiz undertaken one
month after completion of the learning material (knowledge retention), time to course and
quiz completion, user satisfaction with the learning method, user perception of the duration
of the course, and probability that the user would recommend the learning material they
have been allocated to a colleague.

2.7. Participants and Sample Size

Seventy-two participants are required to have 80% chance of detecting a difference of
2 points in the post-course 50-question quiz between groups at the 5% significance level.
A total of 120 invitations should be sent, and a participation rate of 60% will therefore
be required.
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Disclaimers and data policy statements will be displayed on the front page and on the
registration page (through a link that will open these statements in a modal).

2.8. Data Curation and Statistical Analysis

Stata 16 (StataCorp LLC, College Station, TX, USA) will be used for data curation and
statistical analysis. Data will be curated by one author L.S. (Laurent Suppan), who will
assign neutral names randomly to the e-learning group and the video group. The curated
DTA file will then be transferred to another author L.S. (Loric Stuby) for data analysis.

A univariate linear regression will be used to analyze the primary outcome. Then,
a multivariable linear regression model will be generated with profession, prior NIHSS
knowledge, and work center as adjustment variables. The conditions of application will be
checked, i.e., the residues distributions normality assessed graphically on a histogram and
the homoscedasticity using the residual-versus-fitted plot function in Stata.

The analysis of the same quiz undertaken one month later (knowledge retention) will
follow the same procedure as the primary outcome.

The assessment of the distribution of the other continuous variables, i.e., time for
course completion and time for quiz completion, will be done graphically and using the
Shapiro–Wilk test in case of doubt. Data will be described as means (95%CI) or median
(Q1–Q3) depending on what is applied. Then, a Student’s unpaired t-test or the Mann–
Whitney U test will be applied.

The cross-sectional assessment of the performance in the pre-course 50-question quiz
will be described overall and according to profession and prior NIHSS experience.

A sensitivity analysis will be performed by excluding those who have previously
followed either the e-learning module or the video from Patrick Lyden [20].

User satisfaction, user course duration perception, and probability of recommendation
will be assessed using a 5-point Likert scale and analyzed graphically, then using the
Fisher’s exact test.

The data file will be uploaded to the Mendeley Data repository.

2.9. Ethical Considerations

The study protocol was submitted to the regional ethics committees of both university
hospitals (Req-2021-00543), which waived the need for ethical approval as this study falls
outside of the scope of the Swiss Human Research Act from 2011.

The study is scheduled to begin during the first semester of 2022.

3. Discussion
3.1. Main Considerations

This prospective, multi-centric, web-based, triple-blind (participants, investigators,
data analyst) randomized controlled study comparing video-based and e-learning should
help determine if a highly interactive e-learning module improves NIHSS knowledge and
skills more efficiently than the traditional didactic video amongst a mixed population of
stroke unit, neurology and neurosurgery ward nurses, and physicians with different levels
of experience and expertise.

Results of previous studies have shown that knowledge acquisition was higher in
medical students than in paramedics [19]. This is probably due to a better understanding
of the neurological system and of clinical testing, even though participants within both
groups had no prior NIHSS knowledge. The current study is the first to test the impact of
the e-learning module on a population with pre-existing NIHSS knowledge.

Further, we should also be able to determine the impact of these learning modalities
on knowledge retention at one month. The decline in performance has been shown to be
nonlinear; among participants displaying a significant decline in knowledge retention at
3 months, half of them present a significant decline already after 4 weeks [35]. This time
interval has been recently used [36]. Electronic health (e-health) literacy was already high
in some countries prior to the COVID-19 pandemic [37] and should have considerably
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increased in the wake of this crisis. Therefore, determining the most efficient asynchronous
distance learning modality to help health care workers improve their NIHSS knowledge is
both timely and relevant.

Given the importance the NIHSS score plays in the diagnosis, treatment decisions,
and follow-up of stroke patients [1], it is essential to ensure that the NIHSS application
skills are maintained at a high level. The study design should also help us gain knowledge
of the current performance of neurology and neurosurgery nurses and physicians, prior to
any teaching intervention, by virtue of the first (baseline) quiz. This could help determine
the necessity of recurrent training in these highly specialized wards to maintain high
performance in NIHSS application. There is little reason to believe that the potential
decline in NIHSS application knowledge this study could reveal would be different in
other settings or countries, and the results obtained should therefore be generalizable.

3.2. Strengths and Limitations

Both pathways of the study require approximately two to four hours to be completed,
and participants will be asked to repeat the 50-question quiz after one month. There is cur-
rently a high level of fatigue amongst hospital staff related to the COVID-19 pandemic [38].
Even though the personnel and the different hierarchies express a high level of enthusiasm
for this type of study, uncertainty remains regarding the number of participants who will
engage in this study, and attrition might be high [39]. Furthermore, even though each
participant will have their own login and password, we will not have any way to ascertain
that the quizzes will be completed by one person and not a group of colleagues. However,
we will emphasize the single-person performance aspect of this study in the instruction
page, and believe that the risk of such bias is low. Although we will specify that no external
resources are allowed, we will have no way to verify that these have not been used (e.g.,
detailed NIHSS form or internet page with explanations). The temptation to do so can be
important, especially when study subjects desire to prove that their baseline NIHSS knowl-
edge is high. This could bias the results with an over-assessment of baseline knowledge.
The heterogeneity of English and French proficiency among nurses and physicians of both
hospitals could have an impact on the results of the study. The e-learning is entirely in
French, and Dr. P. Lyden’s [20] original video is in English. To minimize this effect, the
entire video (be it the extracts in the e-learning or the full video) has been subtitled in
French. Further, participants will also be asked about their language proficiency in the
initial demographic questionnaire, and the distribution assessed among groups. Finally,
using a 50-question quiz to determine NIHSS knowledge cannot be considered as entirely
representative of the actual clinical application of this scale. The video vignettes have,
however, been validated in prior studies and should therefore represent an acceptable
surrogate outcome [18,19]. Moreover, reusing the same 50-question quiz could lead to an
improvement from one time to another due to a “priming effect” of the first questionnaire.
However, this effect should be smoothed out given the randomization as it should occur
similarly in both groups.
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