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Marta Abelha

Ana Teresa Ferreira-Oliveira

MDPI • Basel • Beijing • Wuhan • Barcelona • Belgrade • Manchester • Tokyo • Cluj • Tianjin



Editors

Sandra Raquel Gonçalves
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Preface to “Assessment and Evaluation in Higher 
Education” 

This book compiles relevant research on students’ learning processes in Higher Education. 
It presents different dimensions and forms of learning, crucial to understand and tackle diversity 
and integration regarding more sustainable and inclusive goals. 

Major challenges have taken place recently considering assessment within higher 
education and its known impact on students’ learning processes. The application of different 
assessment methods, considering a general public desire to focus on more skills development 
and assessment has brought higher education challenges regarding students learning processes 
and its assessment that are bringing severe changes towards academia. Higher education 
institutions should act as knowledge and research drivers, and the consideration about the 
learning processes and assessment methods are key.  

Special attention is given to assessment methods and purposes, assessment rubrics and the 
assessment of learning outcomes (knowledge and skills). Research on the challenges, strengths, 
and opportunities of online and virtual assessment, as well as best practices and 
recommendations for assessment and evaluation in higher education, are also explored and 
discussed in this book. This book, which consists of 15 articles written by research experts in their 
topic of interest, reports the most recent research concerning assessment and evaluation in higher 
education. The book includes changes in education and higher education that can lead to a 
systematic modification of higher education. 

Topic one—Pedagogical innovation 

Jung Hee Park, Woo Sok Han, Jinkyung Kim and Hyunjung Lee—Strategies for Flipped 
Learning in the Health Professions Education in South Korea and Their Effects: A 
Systematic Review; https://doi.org/10.3390/educsci11010009. 

William Swart and Ken MacLeod—Evaluating Learning Space Designs for Flipped and 
Collaborative Learning: A Transactional Distance Approach; https://doi.org/10.3390/ 
educsci11060292. 

Jiří Bečica and Roman Vavrek—A Qualitative Assessment of the Pedagogical Process at 
Czech Public Universities; https://doi.org/10.3390/educsci11080389. 

Salleh Amat, Harizah Izyan Samsudin, Abu Yazid Abu Bakar, Mohd Izwan Mahmud and 
Mohd Hasrul Kamarulzaman—Needs Analysis of Psychosocial Module Development 
Based on Psychoeducation Approach for Public University Students in Malaysia; 
https://doi.org/10.3390/educsci11100604. 

Humberto Arruda and Édison Renato Silva—Assessment and Evaluation in Active 
Learning Implementations: Introducing the Engineering Education Active Learning 
Maturity Model; https://doi.org/10.3390/educsci11110690. 

We begin the book by introducing the reader to a very interesting work in which Park et al. 
develops a student-centred approach considering the real advantages in developing students 
learning abilities. The effect and strategies of flipped learning in the health professions education 



xii 

were assessed through a Participant–intervention-comparator-outcome (PICO). Findings 
suggests that implementing flipped learning design based on class characteristics and 
appropriate post-class activities can enhance students’ learning abilities.  

The topic continues with the work from Swart et al. where they evaluate Learning Space 
Designs for Flipped and Collaborative Learning. A highly revealing study considering the 
relevance of the classroom´s design as a relevant mainframe for collaborative work. They 
developed a very interesting study where they present that from a student perspective the 
investment in high-tech classrooms is not necessarily directly associated with more student 
engagement.  

Amat and colleagues presents a research which showed a highly positive response from 
the students toward the development of a psychosocial module in order to strengthen the 
assertiveness, social skills, and psychological well-being. 

Assessment and Evaluation in Active Learning Implementations has been widely worked 
on engineering Education. Arruda and colleagues present a paper where they propose a 
framework that assesses the maturity of Active Learning implementation in a program or a 
course. A valuable tool to be implemented and replicated, on diagnosis and practical 
improvements in real settings. 

Topic Two—Assessment 

Fidel Salas Vicente, Ángel Vicente Escuder, Miguel Ángel Pérez Puig and Francisco Segovia 
López—Effect on Procrastination and Learning of Mistakes in the Design of the Formative 
and Summative Assessments: A Case Study; https://doi.org/10.3390/educsci11080428. 

Eddy Sutadji, Herawati Susilo, Aji Prasetya Wibawa, Nidal A.M. Jabari and Syaiful Nur 
Rohmad—Authentic Assessment Implementation in Natural and Social Science; 
https://doi.org/10.3390/educsci11090534 

Jurgita Lenkauskaitė, Remigijus Bubnys, Erika Masiliauskienė and Daiva Malinauskienė—
Participation in the Assessment Processes in Problem-Based Learning: Experiences of the 
Students of Social Sciences in Lithuania; https://doi.org/10.3390/educsci11110678. 

Tatiana Baranova, Dmitriy Mokhorov, Aleksandra Kobicheva and Elena Tokareva—
Assessment of the Application of Content and Language Integrated Learning in a 
Multilingual Classroom; https://doi.org/10.3390/educsci11120808. 

Another interesting research is the one presented by Vicent et al. where we are guided 
through students’ procrastination processes, the formative assessments and the summative 
evaluation. This case study presents the unexpected and undesirable effects of both on the 
behavior of students and on both grading and learning.  

Authentic assessment is another pedagogical approach based on real world impact. Sutadji 
and colleagues presented a research paper where they debate epistemological and scientific 
constructions to social and natural sciences. 

Lenkauskaitė and colleagues explored the idea of change in the higher educational process 
using a problem-based learning strategy. The need we have in education institutions to empower 
students is reflected in this study that shows empowerment and enhancement of critical thinking 
from students when they assess and are involved in the assessment strategy.  



xi 

To end this topic Baranova and colleagues present a research based on the introduction of 
content and language into classes with a multilingual approach, which will allow students to use 
several foreign languages in the process of professional communication. The purpose of the paper 
is to evaluate the efficiency of a newly introduced integrated learning model from the perspective 
of students and to understand its impact on students.  

Topic three—Digitalization- and peer-support-technology-based 

Rana Saeed Al-Maroof, Khadija Alhumaid and Said Salloum—The Continuous Intention 
to Use E-Learning, from Two Different Perspectives; https://doi.org/10.3390/educsci 
11010006. 

Isabel López-Tocón—Moodle Quizzes as a Continuous Assessment in Higher Education: 
An Exploratory Approach in Physical Chemistry; https://doi.org/10.3390/educsci11090500. 

Mehdi Berriri, Sofiane Djema, Gaëtan Rey and Christel Dartigues-Pallez—Multi-Class 
Assessment Based on Random Forests.; https://doi.org/10.3390/educsci11030092. 

In Topic 3, the book presents relevant pos pandemic strategies like e-learning methods. The 
paper by Al-Maroof et al. show that teachers’ and students’ perceived technology self-efficacy, 
ease of use and usefulness are the main factors directly affecting the continuous intention to use 
technology.  

Their relevant findings also bring about intrinsic and extrinsic motivation associated and 
developed throughout the process of learning. Considered the key factors that support the use of 
technology continuously. 

The chapter continues with López-Tocón and colleagues work on Moodle Quizzes as a 
Continuous Assessment. Moodle quizzes were explored in this study, and they acted as a reliable 
practice for teaching and learning.  

This topic regards crucial aspects that intend to enhance the need for higher education 
institutions to support additional student-centred dynamics not based on the teacher and its role 
as the main actor in the classroom or even as main facilitator of knowledge. In this chapter it is 
explored by the work of Berriri, a novel study that tried to provide relevant information regarding 
counseling processes. Additionally, it is explored how teaching staff can propose training courses 
adapted to students by anticipating their possible difficulties using new technologies, a machine 
learning algorithm called Random Forest, allowing for the classification of the students 
depending on their results.  

Topic four—Organizations and governance 

Cristina Checa-Morales, Carmen De-Pablos-Heredero, Angela Lorena Carreño, Sajid 
Haider and Antón García—Organizational Differences among Universities in Three 
Socioeconomic Contexts: Finland, Spain and Ecuador. Relational Coordination Approach; 
https://doi.org/10.3390/educsci11080445. 

Hue Thi Truong, Hung Manh Le, Duc Anh Do, Duc Anh Le, Huyen Thi Nguyen and Thanh 
Kim Nguyen—Impact of Governance Factors over Lecturers’ Scientific Research Output: 
An Empirical Evidence; https://doi.org/10.3390/educsci11090553. 
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Cecília Guerra and Nilza Costa—Can Pedagogical Innovations Be Sustainable? One 
Evaluation Outlook for Research Developed in Portuguese Higher Education; 
https://doi.org/10.3390/educsci11110725. 

The book also presents institutional research, conducted in a macro level approach that can 
be very helpful to the reader that is interested in more information regarding the assessment of 
pedagogical innovation at an institutional level.  Bečica and colleagues present a relevant 
qualitative Assessment of the Pedagogical Process at Czech Public Universities. This work 
increments the debate towards more quality-based measures considering that the monitoring and 
quantification of quality in education is a very demanding and controverse topic. 

Checa-Morales  and colleagues presented an institutional study that focus on 
organizational differences Universities in Three Socioeconomic Contexts: Finland, Spain and 
Ecuador. Results show that shared goals with among faculty members and problem-solving 
communication among students were key. Organizational practices show relevant differences 
among the three universities.  

Truong and colleagues analysed governance factors that influence the scientific research 
output of lecturers. The results reveal that resources for scientific research have the most impact 
on lecturers’ scientific research output, followed by policies for lecturers, support for scientific 
research activities, scientific research objectives of HEIs, and finally, leadership. 

Pedagogical innovation is key in order to develop society. Guerra and colleagues introduce 
a very interesting and critical approach to the topic, conducting research that focused on the 
extent to which funded national research-based education projects, developed in public 
Portuguese higher education institutions (universities and polytechnic institutes), have 
considered the sustainability of research results (e.g., pedagogical innovations), after funding 
ends. 

We believe there is a need for this book to provide clear and relevant scientific research 
which takes into consideration pedagogical innovation, assessment processes and institutional 
models. The aim of this book is to provide the reader with key and updated research on the 
information necessary to understand students learning and teaching, innovation at assessment, 
the need to assess involving the students and also to understand global macro level research, 
national level and institutional level. Therefore, we hope to reach policy makers, educators, 
researchers, teachers, students and a global community of people that are interested and 
concerned with the research agenda, acting in student’s empowerment, knowledge and updated 
skills. 

 
Sandra Raquel Gonçalves Fernandes, Marta Abelha, and Ana Teresa Ferreira-Oliveira 

Editors 
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Abstract: This study aims to identify and synthesize recent literature on the effect and strategies of
flipped learning in the health professions education. Participant–intervention-comparator-outcome
(PICO) strategies were used to identify articles from published peer-reviewed papers from January
2017 to March 2020 in Korea Med, Korean Citation Index, National Digital Science Library, and Korean
Studies Information Service System. Of the 83 screened articles, 10 published articles met all the
inclusion criteria. Most of articles targeted nursing students and focused on practicum classes. The
effects of flipped learning were measured based on satisfaction, self-motivated learning, information
literacy, and critical thinking disposition. Further, pre-class, in-class, and post-class activities were
analyzed. The findings revealed that flipped learning improved class performance, overall evaluation,
self-motivated learning, self-efficacy, and problem-solving abilities. The study suggests implementing
a tailored flipped learning design based on class characteristics and appropriate post-class activities
for enhancing students’ learning abilities.

Keywords: health professions education; flipped learning; learning method

1. Introduction

The European Union Joint Research Center argues that traditional lecture-based
education is severely limited and incapable of adequately embodying the key visions of
future education [1]. The traditional classroom, focusing on knowledge delivery via rote
learning, has seen a shift toward a more learner-centered classroom with the introduction
of various teaching and learning methods. Flipped learning is one such methodology that
is focused on interaction with students as opposed to a unidirectional monologue; it is
also known as reverse learning. Flipped learning, or a student-oriented learning method,
consists of pre-class, in-class, and post-class activities. Pre-class activities guide students
to actively learn the lesson beforehand using multimedia materials; in-class activities
involve instructor-learner interaction based on knowledge acquired via pre-class activities.
Post-class activities help reinforce and expand on the acquired learning [2].

Flipped learning promotes instructor-student interaction in contrast to unidirectional
teaching. With the introduction and popularization of various educational media that
help increase learners’ understanding, the demand for high-quality lectures is also on the
rise [3]. Many colleges use learner-centered classes to strengthen students’ competence, in
which the class contents are explored in depth [4]. There is also active ongoing research on
flipped learning [5,6]. Since students learn the lesson in advance using media that can be
accessed anywhere and at any time, their understanding of the lesson is improved during
the actual class, which leads to greater satisfaction in class [7]. However, to maximize the

Educ. Sci. 2021, 11, 9. https://doi.org/10.3390/educsci11010009 https://www.mdpi.com/journal/education1
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effectiveness of flipped learning, few conditions need to be met, such as active student
participation, appropriate instructor intervention, and regulation of pre-learning. Courses
must be designed specifically for each subject based on an analysis of numerous cases prior
to applying flipped learning.

Learner-centered instruction is also being implemented currently in undergradu-
ate health professions education to foster the competencies of health professionals [8].
Studies on learner-centered instruction, including flipped learning, have reported that
such learning methods are effective in improving students’ self-directed learning abilities,
problem-solving, interpersonal skills, clinical performance, critical thinking, and academic
achievements, thereby increasing academic performance [9–12]. A recent systematic litera-
ture review on flipped learning in South Korean nursing education found improvements
in students’ learning capability [5]. Hew and Lo conducted a meta-analysis on the flipped
classroom approach in education for the health professions using journals in the Journal
Citation Report [7]. However, no systematic literature review has been published that
targeted health professions education in South Korea. It is necessary to conduct an in-
depth analysis of learner-centered instruction cases in health and allied health majors to
foster prospective health professionals who will be in charge of public health. Further,
as flipped learning was introduced in colleges in Korea only in 2013, efforts to stabilize
and enhance its efficiency of operation and develop instruments for quality control have
been inadequate [13]. Therefore, this study proposes directions for research on flipped
learning in health professions education and for an effective application of flipped learning
in health professions education by systematically reviewing the latest pertinent studies.
The specific objectives of this study are to analyze the general characteristics, the measured
variables and outcomes, and the strategies used in studies on flipped learning in the health
professions education.

2. Materials and Methods

2.1. Study Design

This paper is a systematic review of studies analyzing the effects of flipped learning
in undergraduate health majors in Korea to identify the latest research trend and assess the
teaching strategies and their effectiveness. The literature search strategy was based on the
participant-intervention-comparators-outcome (PICO) framework [14].

2.2. Literature Search

The keywords for the participants (P) of the study were undergraduate allied health
majors (excluding medicine, dentistry, Korean medicine, pharmacy). The keyword for
the intervention (I) was flipped learning. The comparator (C) referred to conventional
lecture-based classes. The keyword of the outcomes (O) referred to the major outcomes of
flipped learning. To examine the latest trend in flipped learning research, the search was
limited to Korean studies published between January 2017 and March 2020. The search
was performed on Korea Med, National Digital Science Library (NDSL), Korean Studies
Information Service System (KISS), and the Korean Citation Index (KCI). The database
used for the search was based on the report of Kim et al. [15] and included the search
engine of the Core of the Core, standard ideal (COSI) model, which is the protocol for
literature review databases in Korea. Four researchers performed the search independently,
and studies were selected after reviewing them against the inclusion and exclusion criteria.
The search strategy generated a total of 2155 studies with 20 studies from Korea Med, 549
studies from KISS, 784 studies from NDSL, and 802 studies from KCI. After excluding 1539
studies on medicine and non-health majors, 533 duplicate searches, and 62 studies that
meet the exclusion criteria (but were qualitative studies, literature reviews, or published
before 2017), the manuscripts of 21 studies were selected and subsequently acquired.

The quality of the selected studies was appraised independently by four researchers
using the methodology checklist for cohort studies published by the Scottish Intercollegiate
Guidelines Network (SIGN) [16]. Studies that compared the outcomes of flipped learning

2
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and conventional lecture-based classes were included, and after re-discussing studies on
which the researchers had divided opinions regarding the comparison groups, a total of 10
studies were finally selected for the analysis (see Figure 1).

Figure 1. Precedent studies’ selection flowchart.

2.3. Literature Analysis

All the 10 selected studies were quantitative studies. The features of each study
were organized in a table by four researchers, and the assessments were reviewed among
them. The following features of the studies were analyzed: author and publication year,
institutional review board (IRB) review, course subject, pedagogical features (strategy, in-
tervention period), participant features (sample size, inclusion criteria), measured variables
(instruments, reliability and validity), and outcome variables (Table 1).
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3. Results

3.1. General Features of the Selected Studies

The 10 selected studies were published between 2017 and 2020. The study design used
to examine the effects of flipped learning was either pre-test–post-test or quasi-experimental
design, and all studies were conducted on nursing students. The mean intervention period
was six weeks and six days, and the mean number of participants in the flipped learning
group was 91. Six studies presented evidence for determining the sample size for flipped
learning (study no. 1, 3, 4, 7, 9, and 10). Eight studies were either approved by an IRB
or mentioned obtaining consent from students undergoing flipped learning. Although
flipped learning was generally applied to practicum courses, it was also sometimes used in
theoretical courses such as fundamentals of nursing, health assessment, health education
and methodology, and geriatric nursing.

3.2. Variables for Flipped Learning Outcomes and Results

The most common variable used to measure the outcomes of flipped learning was
satisfaction, namely, satisfaction with learning, the course, or the teaching method (n = 5).
This was followed by self-directed learning ability (n = 4), knowledge (n = 3), and critical
thinking, problem-solving skills, information literacy, and academic achievement (n = 2
each). Other variables included class experience, level of communication anxiety, intent to
continue learning, clinical performance, self-efficacy, learning accomplishment, learning
attitude, learning motivation, class participation, undergraduate competencies, academic
performance, and usefulness. The studies generally reported that flipped learning had a
positive impact on the measured variables (Table 1).

3.3. Flipped Learning Teaching Strategies

To compare the teaching strategies used in studies that examined the effects of flipped
learning, the activities were classified into pre-class, in-class, and post-class activities for
analysis. Pre-class activities included team-based learning, video-based learning, e-learning
courses, individual study, student question formation, watch-summary-question (WSQ)
journal, skill practicing, and self-evaluation journal. In-class activities included team-based
discussion and cooperative learning, team-based presentation, instructor feedback, hands-
on training, pre-learning readiness assessment, scenario-based application, quiz on the
e-learning materials, nursing diagnosis training, discussion on student-formed questions,
instructor-led training (discussion, simulation, case study, conference), and 1:1 evaluation
and guidance by the instructor. Post-class activities included review of key contents, peer
evaluation, post-class evaluation and survey, Q&A, post-class self-study, self-evaluation
journal, instructor feedback, application of case study, and team-based answer review and
sharing (Table 2).
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Table 2. Major features of flipped learning strategies.

No. Author (Year) Courses Pre-Class In-Class Post-Class

1 Kim and Park
(2019) [17]

Comprehensive
practicum II

Assign team-based
learning tasks

Team-based discussion and
cooperative learning

Review key contents,
peer review,

post-class evaluation
and survey

2 Park et al.
(2019) [18] Geriatric nursing Team-based learning Team-based presentation

and discussion
Q&A,

peer review

3 Jung and Yang
(2019) [19]

Fundamentals of
nursing practicum

Video-based
learning

Team-based discussion,
instructor feedback,
hands-on training

Post-class self-training,
self-evaluation journal

4
H. Kim and E.

Kim
(2018) [20]

Health assessment Video-based
learning

Evaluation of pre-learning
readiness,

scenario-based learning,
hands-on training

Self-evaluation journal,
instructor feedback

5 Lee and Park
(2018) [21]

Surgical nursing
practicum e-learning

Quiz on the e-learning
materials,

nursing diagnosis training

Apply to case study,
instructor feedback

6 Kim
(2017) [22] Health education Self-study Team-based discussion and

presentation Instructor feedback

7 Park and Woo
(2017) [23]

Fundamentals of
nursing

Video-based
learning,

question formation
by student

Evaluation of pre-learning
readiness,

discussion of
student-formed questions

Team-based answer
checking and sharing

8 Lee and Han
(2017) [24]

Health education
and methodology Team-based learning

Team-based discussion and
presentation,

instructor feedback
None

9 Lee et al.
(2017) [25] Psychiatric nursing

Video-based
learning, write WSQ
(Watch-Summarize-

Question)
journal

Instructor-guided training
(e.g., discussion, simulation,

case study, conference)
None

10 You and Kim
(2017) [26]

Fundamentals of
nursing

Video-based
learning,

Self-skills training,
self-evaluation

journal

Check on pre-class activities,
1:1 evaluation, and guidance

by instructor
Self-training

4. Discussion

This study systematically reviewed Korean studies on flipped learning in allied health
majors published within the past three years and based on the results, identified the
latest trends in flipped learning research. Although we attempted to include studies on
flipped learning in various health majors, all 10 selected studies were conducted on nursing
students. As per the SIGN checklist for cohort studies, only studies that extracted both a
control group and experimental group from the source population were selected.

This led to the exclusion of a number of studies that did not include a comparator
(C). These excluded studies were conducted on students majoring in radiology, emergency
medicine, occupational therapy (n = 2 each), and physical therapy, dental hygiene, and
dental technology (n = 1 each). This suggests that flipped learning is less frequently applied
in other health majors compared to nursing, necessitating an expanded application of
flipped learning in more health professions courses. A pre-post analysis with a single
group is limited in comparing the effects of flipped learning with that of the traditional
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classroom approach. Thus, study designs should be chosen carefully to clearly assess the
effects of flipped learning.

The courses in which flipped learning was applied were generally practicum courses,
including comprehensive practicum II, geriatric nursing, fundamentals of nursing practicum,
health assessment, surgical nursing practicum, health education, fundamentals of nurs-
ing, health education and methodology, and psychiatric nursing practicum, which was
consistent with other studies that analyzed flipped learning methods in health profes-
sions education [27–31]. The educational effects of flipped learning approach in practicum
courses included improved student attitude, fewer errors in practice [5], and improved
student perception, self-directed learning, academic achievement, and satisfaction with the
class [27,29,31].

In a meta-analysis of the effects of learner-centered class in nursing, Lee and Yang [9]
reported that a learner-centered class is effective in enhancing clinical performance and
learning of major-related knowledge; they demonstrated that learner-centered approaches,
such as flipped learning, are more effective than the traditional lectures in the study of
nursing. Prior to 2017, common measured variables were self-directed learning [27], aca-
demic achievement [27], self-efficacy [32,33], critical thinking and communication [32],
and learning motivation [33]. On the other hand, in the past three years, a number of
variables, such as knowledge and performance, self-directed learning [34,35], critical
thinking [34,36,37], academic self-efficacy [36,37], satisfaction with major [36], and commu-
nication and problem-solving skills [36]. As flipped learning enables students to repeatedly
learn the contents related to their lesson of the day through pre-class learning without
restrictions of time and place, students are able to adequately familiarize themselves with
the lesson in advance, which increases their understanding of the lesson during the actual
class. Many studies on flipped learning confirmed positive changes after applying flipped
learning, and they generally used variables that influence students’ tendencies or academic
competence and performance, that is, variables positively correlated with the flipped
learning approach [4,5,7,9]. As shown in previous studies, the results of the literature
review section in this study confirmed that flipped learning improved satisfaction with
class (n = 4), academic achievement (n = 3), self-directed learning, problem-solving skills,
and information literacy (n = 2), and critical thinking. Future studies should discover new
significant variables to examine the effects of flipped learning. To expand the utilization of
the flipped learning approach, active research and effort are needed to verify its effects.

Flipped learning strategies were analyzed by dividing the class into pre-class, in-class,
and post-class activities. Video lectures were primarily used in pre-class activities for
practicum courses, while team-based learning or individual study were performed in
pre-class activities for theoretical courses. In-class strategies included pre-class readiness
assessment, instructor feedback, and hands-on training during practicum courses, while
team-based discussions or presentation were performed in theoretical education. Popular
post-class strategies included peer evaluation, self-evaluation journal, and instructor feed-
back, and post-class activities were not used in two cases. Gan et al. [13] analyzed flipped
learning cases and proposed a basic operational model for theory and practicum courses,
and a similar flipped learning model was used in the ten studies reviewed in this article.
Lee and Chang [25] had students write a WSQ journal, which required them to watch,
summarize, and question activities as a form of pre-class activity. WSQ journal writing
was proposed by Kirch [38], which involves instructor-student interaction in finding the
solution during in-class activities and helps students take responsibility for completing the
pre-class portion. Lee and Chang [25] reported that the WSQ strategy has a positive influ-
ence on self-directed learning and academic achievement. Friedman and Friedman [39]
proposed the Analysis, Design, Development, Implementation, and Evaluation (ADDIE)
model. Lee [40] applied the ADDIE model to flipped learning and proposed pre-learning,
in-class learning activities, and evaluation and self-evaluation after class as the major
teaching strategies. Gan et al. [13] argued that the post-class part of learning is the stage in
which the learned materials are maintained and expanded. Among the studies analyzed
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in this review, two studies did not use post-class activities, but appropriate post-class
activities, such as reviewing, summarizing, complementing, and writing self-evaluation
journals, must be implemented to facilitate continuity of learning. The results of previous
studies and this study highlight the need to use flipped learning designs and strategies
tailored for each subject to boost their learning effects on students.

5. Conclusions

The purpose of the study is to identify and synthesize recent literature on the effects
and strategies of flipped learning in education for the health professions in South Korea.
We used participant–intervention-comparators-outcome (PICO) strategies to identify the
published peer-reviewed articles from January 2017 to March 2020 in Korea Med, KCI,
NDSL, and KISS. Ten published articles from 83 screened articles met the inclusion criteria.
All articles targeted nursing students and mostly focused on practicum classes. The effects
of flipped learning were measured by satisfaction, self-motivated learning, information
literacy, and critical thinking disposition. We further analyzed pre-class, in-class, and post-
class activities. The limitation of this study is that it was not possible to evaluate the effect
of different types of flipped learning approaches under the limited number of analyzed
studies. Despite these limitation, we found that the flipped learning model improved
class performance, overall evaluation, self-motivated learning, self-efficacy, and problem-
solving abilities. The study results suggest implementing a tailored flipped learning design
based on class characteristics and emphasizing appropriate post-class activities to enhance
students’ learning abilities.
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Abstract: During the recent vast growth of digitalization, e-learning methods have become the most
influential phenomenon at higher educational institutions. E-learning adoption has proved able to
shift educational circumstances from the traditional face-to-face teaching environment to a flexible
and sharable type of education. An online survey was conducted, consisting of 30 teachers and 342
students in one of the universities in the United Arab Emirates. The results show that teachers’ and
students’ perceived technology self-efficacy (TSE), ease of use (PEOU), and usefulness (PU) are the
main factors directly affecting the continuous intention to use technology. Instructors’ technological
pedagogical content knowledge (TPACK) and perceived organizational support (POS) positively
affect the intention to use the technology, whereas students’ controlled motivation (CTRLM) has a
greater influence on their intention to use the technology, due to the type of intrinsic and extrinsic
motivation that they have and which they can develop throughout the process of learning. The
findings support the given hypotheses. In addition, they provide empirical evidence of a relationship
between perceived organizational support and perceived pedagogical content knowledge. In fact,
they are considered the key factors that support the use of technology continuously.

Keywords: e-learning platform; PACK; perceived usefulness; perceived ease of use; perceived
organizational support and technology self-efficacy

1. Introduction

Teachers and students may perceive the importance of e-learning differently. Teachers
usually focus on the importance of training and support that may enhance the effective use
of e-learning platforms, whereas the perceived usefulness and ease of use are influential
factors from the students’ perspective. The differences in their perspectives stem from
the fact that their roles are different. Students usually receive the product through the
e-learning system and can get all the different advantages that the system may offer; thus,
they act as the consumers of the product [1]. On the other hand, teachers are the providers
of the educational product, as they provide learners with the content and synthesize the
given information in simple and concise language [1,2].

Past studies have focused on the importance of e-learning and its implementation
all over the world; some have focused on the continuous use of e-learning [3–19] and
some on the effect of either teachers’ or students’ attitudes towards e-learning [20–26]. In
other words, no studies have put forward the implementation of two models that focus on
how the perceived interactivity of education technology influences teachers’ and students’
perceptions and urges them to continue using the technology. This study assumes that some
factors affecting teachers’ intentions to use e-learning platforms continually are different
from those affecting students’ intentions to use the same platforms continuously. Therefore,
this study proposes two different models that tackle both teachers’ and students’ continuous
intentions to use technology. The two models will focus on a certain predictive power
that has a more direct relationship with the teachers’ and students’ perceptions regarding
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the continued use of the technology. For instance, one of the factors that contributes to
the teachers’ continuous use of the e-learning platform is the support they get from the
university to enhance the use of the e-learning environment. On the other hand, one of
the crucial factors for the students’ perception is the controlled motivation that embraces
certain intrinsic and extrinsic factors. It is worth mentioning that all previous studies have
focused on students’ perspectives on any technology-based technique. The acceptance
of technology from a student’s perspective has been dealt with in many papers, such
as [27–29]. The fact that this study focuses on the effect of the same e-learning tool from a
teacher’s perspective separately is what sets this paper apart from other previous studies.

The objective of this study was to propose a theoretical framework that could be
validated later through a proposed model that predicates the continuous intention to use
e-learning among students at public universities in Dubai. There are numerous examples of
literature related to technology acceptance [25,30–34] and continuous intention [35–38] that
have been reviewed to identify the most common factors affecting the continuous intention
to use the e-learning platform. The main concentration has been on theories that have been
proven to have great predictive power in understanding users’ perceptions and on theories
that help to explain the importance of continuous use from two different perspectives.
Hence, the Technological Pedagogical Content Knowledge (TPACK) was initiated by [39],
Technology Acceptance Model (TAM) acceptance theory by [40], Social Cognitive Theory
by [41], Perceived Organizational Support (POS) by [42], and Motivational Theory (MT)
by [43,44]. The main factors that have been derived from these theories are perceived
use and perceived usefulness, computer self-efficacy, controlled motivation, and so forth.
The table below (Table 1) summarizes the studies that have tackled the continuous use of
e-learning platforms.

Table 1. Most relevant studies of e-learning platforms in different sectors.

Authors/
Reference

Target Population Objective/Goal Models Adopted

[45] Students
To explain the f-variables that
affect continued use of
m-learning.

TAM, Theory of
Planned Behavior
(TPB), and Expectation
Confirmation Model
(ECM).

[46] Students

To examine students’ continuous
use of blended learning, with
reference to behavioral attitudes,
motivations, and barriers.

TAM, TPB and
self-determination
theory (SDT).

[47] Students

To make a connection between
learners’ adoption and
satisfaction with LMS in blended
learning in relation to certain
learners’ personal characteristics
in terms of continuous use of the
e-learning environment.

TAM and satisfaction
factor (SAT).

[48] Instructors

To examine the influential factors
which may contribute to
instructors’ satisfaction with LMS
use in a blended learning
atmosphere.

LMS, system and
instructors’
characteristics that are
derived from
well-established factors.

[49] Students

To investigate students’ behavior
of continuance intentions to use
the double reinforcement
interactive e-portfolio learning
system.

TAM and IS
continuance
post-acceptance model
(IS-TAM).

12



Educ. Sci. 2021, 11, 6

Table 1. Cont.

Authors/
Reference

Target Population Objective/Goal Models Adopted

[50] Learners

To investigate the basic
determinants behind the
continuous intention to use
e-learning.

TAM and Negative
Critical Incident (NCI).

[51]

People chosen
randomly through
a high-traffic
website

To investigate the motivational
factors that affect the synthesized
model that is composed of a
combination of TAM, ECM,
COGM and SDM.

TAM, ECM and
cognitive model
(COGM).

[52] Technology users

To investigate and predict the
main reason behind users’
intentions to continue using
e-learning.

ECM, TAM, and, TPB.

As seen in the previous table showing the studies in the existing literature, much
research has been conducted focusing on students and/or teachers within one proposed
model. Nevertheless, searching for the predictive power behind both teachers’ and students’
intentions by proposing different variables is still neglected. To our knowledge, no research
has examined the continued-use intention (CU) of teachers and instructors using e-learning
platforms in higher education. Without knowledge of teachers’ and students’ CU, it is
impossible to enhance e-learning in the Gulf area or to support its programs, systems, or
administrative policies in terms of helping to sustain the e-learning platform.

2. Theoretical Framework and Hypotheses

The proposed framework has certain factors that can make the intention to use e-
learning more measurable from two different perspectives. TPACK and POS are crucial
elements that usually guide the teaching and learning environments from the teachers’
perspectives. On the other hand, controlled motivation (CTRLM) is a factor that combines
students’ intrinsic and extrinsic motivations. Nevertheless, certain factors are equally
important to both teachers and students, such as technology self-efficacy (TSE), perceived
usefulness (PU), and perceived ease of use (PEOU).

2.1. Technological Pedagogical Content Knowledge (TPACK)

Teachers’ knowledge cannot be tackled easily, as it is a complex concept that has many
embedded elements [39]. The most important element is pedagogical content knowledge
(PCK), which has been the domain of study for many researchers and practitioners. Its
importance stems from the fact that it comprises both the content and the pedagogy that can
explain how a particular topic is organized and how it is represented to the learners [53].

Since its emergence, TPACK has become a must since all teachers want to have a full
understanding of the relationship between pedagogy and technology. TPACK refers to the
type of technological pedagogical knowledge that teachers need to organize and present
the intended teaching material effectively [39]. TPACK is one of the influential factors
affecting teachers’ perspectives. It refers to technological pedagogical content knowledge
which includes: TCK (technological content knowledge), TPK (technological pedagogical
knowledge), and PCK (pedagogical content knowledge) [54]. Self-assessment surveys and
performance-based assessments are the basic instruments for evaluating TPACK [55,56].

The framework that comprises TPACK can be explained as combing different elements,
such as content knowledge (CK), that highlight the teacher’s knowledge of the subject
matter. It includes knowledge of different types, such as knowledge of the theory, discipline,
psychological aspects, historical aspects, and so forth [57]. The other two closely related
elements are the pedagogy knowledge (PK), which is closely related to the teacher’s
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knowledge concerning methodology, process, and practice, and the pedagogical content
knowledge, which is concerned with how teachers interpret and tailor the teaching material
to suit certain pedagogical aims and purposes. This implies that the difference between
the former element and the latter is the fact that the latter is related to methodology,
assessment, and teaching style knowledge which can be used differently based on students’
prior knowledge. Other elements are related to technology, as it comprises technology
knowledge, technological content knowledge, and technological pedagogical knowledge.
They are related to the ability of users to use technology to accomplish different tasks. The
technological content knowledge is related to how technology can affect teaching material
and vice versa. The final element is technological pedagogical knowledge, which has to do
with the constraints that technology may impose on teaching material. This stems from
the fact that certain technology is not developed for educational purposes and should be
accustomed to suit educational purposes [57,58]. Accordingly, the following hypothesis
can be formed:

Hypothesis 1 (H1). TPACK will positively affect teachers’ CU in the e-learning environment.

2.2. Technology Self-Efficacy (TSE)

Self-efficacy is an effective factor that can reflect how students’ own belief in their
abilities to use technology affects their acceptance of the learning environment. Therefore,
self-efficacy and learning are two factors that can, interactively and dynamically, affect each
other [59]. Self-efficacy in the e-learning environment is considered an intrinsic motivator
as far as continuous intention is concerned. It usually refers to the degree of confidence
that users have in making use of technology [60]. Technology self-efficacy is usually
identified as the ability to use technology without facing any crucial problems. It embraces
two subdivisions: the estimation of result (users’ estimations about their own input) and
estimation efficacy (users’ estimations in achieving the final result) [61–63]. Within the
environment of e-learning, self-efficacy is highly connected to users’ own beliefs regarding
technology. Some believe that using technology is tremendously easy and achievable, while
others may share a contradictory belief, as they may face problems in their ability to learn
the appropriate way of using technology [64]. This simply implies that whenever users
have a high level of technological self-belief, they may perceive the whole system properly;
hence, they will be able to continue using the technology in a positive way. Accordingly,
the following hypothesis may be formulated:

Hypothesis 2 (H2). Technology Self-efficacy will positively affect teachers’ and students’ CU in
the e-learning environment.

2.3. Technology Acceptance Model (TAM)

A review of recent studies has shown that certain variables are crucial to understand-
ing the reasons behind the continuous intention to use e-learning. Regarding Davis’s
TAM [65], it has been proven that PU and PEOU are the most influential factors in users’
continuous-use intentions. Interestingly, PU is more effective than PEOU when one wants
to deal with the use of technology [60]. This study focuses only on two constructs within the
TAM theory, which have proven effective in investigating the continuous use of technology;
these are perceived usefulness and ease of use. [65] adopted the view that the perceived
usefulness (PU) and the perceived ease of use (PEOU) of technology form the baseline for
examining individuals’ usage intentions. PU is defined as the degree to which a person
believes that using a technological system supports user performance, whereas PEOU
tends to refer to the degree to which a person believes that use will be free of effort. Due to
the fact that PEOU has proved to be of great significance only during the early-acceptance
stage of technology use [54,65], PEOU may not directly affect teachers’ and students’ CU
in the e-learning environment. Hence, we hypothesize the following:

Hypothesis 3 (H3). The level of PU will positively affect teachers’ and students’ CU.

14



Educ. Sci. 2021, 11, 6

Hypothesis 4 (H4). The level of PEOU will not affect teachers’ and students’ CU.

2.4. Perceived Organizational Support (POS)

Organizational support theory has a close relation with how users perceive organiza-
tional feedback regarding the use of technology. Users’ perceptions may vary in accordance
with an organization’s rewards, fairness, and supervisor support [42]. To put it differently,
when users had a positive attitude towards their organization, they were more willing to
pursue their intention to use its technology and vice versa. The organization has a crucial
role in enhancing the use of technology by motivating users internally at the organizational
level [44,66]. Related literature is guided by the fact that organizational support for use
of technology has a high impact on teachers’ and students’ CU to adhere to computer
technology, particularly in technical support [67–69]. In this respect, teachers and students
may have different subjective perspectives of the role of educational institutions (colleges
and universities) in creating a motivational atmosphere regarding the continuous use of
technology. Hence, it is hypothesized that if teachers and students had a positive percep-
tion of organizational support (POS), they would support the continuous usage of the
technology. Thus, the following hypothesis may be formed:

Hypothesis 5 (H5). The level of POS support will positively affect teachers’ CU.

2.5. Controlled Motivation (CTRLM)

According to [43], students’ intrinsic and extrinsic motivations can be dealt with in
terms of a hieratical model in which three factors play an influential role: contextual,
situational, and global factors. One of the motivations that have a massive effect on
user perception is called Controlled Motivation (CTRLM), which refers to a source of
negative perception that is illustrated by the pressure that students may be under, both
internally and externally. This type of pressure may lead to maladaptive outcomes, which
are, in turn, illustrated by a combination of negative effects, perceived incompetence, and
dissatisfaction [44]. A more updated view regarding controlled motivation is given by [44],
who proposed two different types within CTRLM: introjected and external regulation.
Introjected regulation has a close relationship with an individual’s behavioral engagement,
such as obligation, avoidance of guilt, ego-enhancement, and internal rewards. On the other
hand, external regulation affects behavior engagement, including compliance, external
rewards, and avoidance of punishments.

Hypothesis 6 (H6). Controlled Motivation negatively affects students’ continuous intention to
use e-learning platforms.

2.6. The Proposed Research Models

Based on the review of previous studies, it has been noticed that most of the studies
on continuous intention have focused on one model that has factors that may be crucial to
teachers but not students [60,70]. Therefore, this study attempted to build two models that
can meet both teachers’ and students’ continuous intentions to meet e-learning demands.
The proposed research models rely on these hypotheses, as illustrated in Figures 1 and 2.
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Figure 1. The e-learning technology model adopted for teachers. Note: H1–5 = Hypotheses 1–5.

Figure 2. The e-learning technology model adopted for students.

3. Methodology

3.1. Participants

The participants (n = 372) were classified into two categories—teachers and students—in
accordance with the two proposed models. This two-level selection was based on certain
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influential factors. First, participants were identified as having sufficient experience in using
e-learning platforms. Second, two different surveys were prepared and distributed to the two
targeted groups of participants. The two surveys may have had similar and shared questions,
but the teachers’ survey may have had additional questions that the students’ survey may
have lacked. Responses were received from 372 participants. Therefore, the total number of
teacher participants in this study was 30. These were college instructors with a nearly equal
female-to-male gender ratio. On the other hand, the total number of student participants was
342. These were students at The British University in Dubai (BUiD).

3.2. Data Collection

During the winter semester of 2019/2020, the data was collected through online sur-
veys from individuals studying at the British University in Dubai (BUiD) from 15 January
to 20 February 2020. The aggregated response rate was 93%; 400 questionnaires were circu-
lated, out of which 372 were answered by respondents. This means that 372 questionnaires
were filled out correctly and found to be useful, while 28 were rejected because of missing
values. The prospective sample size was 306 respondents with respect to a population
of 1500. Thus, the sample size of 372 correct responses was suitable, according to [71],
because—bearing in mind the required sample size—the sample size of 372 is a higher
figure. Thus, this sample size could be reviewed using structural equation modeling [72]
to verify the hypotheses. It must be noted that hypotheses were based on the current
theories and were adjusted to the e-learning context. In order to assess the measurement
model, the researchers used structural equation modeling (SEM) [72]. Further treatment
was performed using a final path model.

3.3. Students’ Personal Information/Demographic Data

The assessment of personal/demographic data is covered in Table 2. The percentage
of males was 53%, while for females it was 47%. A total of 33% of students had ages
ranging from 18 to 29 years, while 67% of respondents were aged over 29. In terms of
academic background, 39% were students from the Faculty of Engineering and IT, 35% were
from the Faculty of Education and 26% belonged to the Faculty of Business and Law. The
majority of respondents came from sophisticated families and held university degrees; 49%
of participants had bachelor’s degrees, 42% had master’s degrees, and 9% had a doctoral
degree. When the respondents were ready to volunteer and were easily approachable, the
purposive sampling approach was used as per [3]. This sample was created by students
coming from different faculties, with different ages, enrolling in diverse programs at different
levels. Moreover, with the aid of IBM SPSS Statistics ver. 23, the demographic data was
evaluated. Table 2 depicts the complete demographic data of the respondents.

Table 2. Demographic data of the respondents.

Criterion Factor Frequency Percentage

Gender
Female 175 47%

Male 197 53%

Age

Between 18 and 29 122 33%

Between 30 and 39 98 26%

Between 40 and 49 88 24%

Between 50 and 59 64 17%

Faculties

Faculty of Engineering and IT 145 39%

Faculty of Education 129 35%

Faculty of Business and Law 98 26%

Education qualification
Bachelor 182 49%

Master 157 42%

Doctorate 33 9%
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3.4. Study Instrument

The survey instrument used to validate the hypothesis was determined in this research.
The survey, consisting of 30 items, was used for the measurement of seven constructs in
the questionnaire. Table 3 depicts the sources of the constructs. The questions from prior
studies were modified in order to enhance the appropriateness of the research.

Table 3. Constructs and their sources.

Constructs Number of Items Source

CU 2 [73–75]

CTRLM 5 [43]

TPACK 4 [39,76]

TSE 7 [41,77]

PEOU 3 [40]

PU 4 [40]

POS 5 [42]
Note: TPACK = Technological pedagogical content knowledge; TSE = Technology self-efficacy; PEOU = Perceived
ease of use; PU = Perceived usefulness; POS = Perceived organizational support; CTRLM = Controlled motivation;
CU = Continuous intention to use e-learning platform.

3.5. Pilot Study for the Questionnaire

A pilot study was conducted to check the reliability of the questionnaire items. Ap-
proximately 40 students and teachers were chosen on a random basis from the given
population to establish the pilot study. The sample size was set based on 10% of the
aggregated sample size of this study (400 students and teachers) and thus adhered strictly
to the research criteria. Cronbach’s alpha test was utilized for the computation of internal
reliability through IBM SPSS Statistics ver. 23, in order to judge the outcomes of the pilot
study. Thus, the appropriate findings were shown for the measurement items. A value of
0.7 was taken to be an acceptable value for the reliability coefficient, considering the model
for social science research [14]. Tables 4 and 5 show the Cronbach’s alpha values for the
seven measurement scales for teachers and students.

Table 4. Cronbach’s alpha values for the pilot study (Cronbach’s alpha ≥ 0.70) for teachers (Model A).

Constructs Cronbach’s Alpha

CU 0.756

TPACK 0.779

TSE 0.864

PEOU 0.889

PU 0.734

POS 0.852
Note: TPACK = Technological pedagogical content knowledge; TSE = Technology self-efficacy; PEOU = Perceived
ease of use; PU = Perceived usefulness; POS = Perceived organizational support; CU = Continuous intention to
use e-learning platform.

3.6. Survey Structure

The questionnaire survey given to students and teachers had two sections. Within
the first part, personal data was given to gather information about students and teachers.
The second section had a group of questions related to the main factors of the proposed
models. The teachers’ questionnaire had six sub-sections coinciding with the six factors
proposed in the model. Similarly, the students’ questionnaire had five sub-sections related
to the five factors proposed in the model. With the help of the five-point Likert Scale, the 42

18



Educ. Sci. 2021, 11, 6

items were evaluated. The scales included the following: (1) strongly disagree, (2) disagree,
(3) neutral, (4) agree, and (5) strongly agree.

Table 5. Cronbach’s alpha values for the pilot study (Cronbach’s alpha ≥ 0.70) for students (Model B).

Constructs Cronbach’s Alpha

CU 0.872

CTRLM 0.881

TSE 0.798

PEOU 0.736

PU 0.797
Note: TSE = Technology self-efficacy; PEOU = Perceived ease of use; PU = Perceived usefulness; CTRLM =
Controlled motivation; CU = Continuous intention to use e-learning platform.

4. Findings and Discussion

4.1. Data Analysis

Along with the help of SmartPLS V.3.2.7 software, the partial least squares-structural
equation modeling (PLS-SEM) was utilized to conduct the data analysis in this research [15].
The assessment approach had two steps of a structural model and a measurement model
allowed to study the collected data [16]. There were various reasons for choosing PLS-
SEM in the study. First, as the research is an extension of a current theory, PLS-SEM was
considered the best option [17]. Second, the complex models within exploratory research
can be effectively tackled with the help of PLS-SEM [18]. Third, PLS-SEM analyzes a
complete model as a single unit, so there is no need to divide it [19]. Lastly, PLS-SEM
provides concurrent analysis for measurement, as well as a structural model, leading to
more accurate calculations [20].

4.2. Convergent Validity

In order to review the measurement model, it was suggested by [16] that construct
reliability—including composite reliability (CR), Dijkstra–Henseler’s rho (pA), and Cron-
bach’s alpha (CA) and validity (including convergent and discriminant validity)—must
be considered. Cronbach’s alpha (CA) has values between 0.782 and 0.895, as Tables 6
and 7 show, in order to determine construct reliability. These statistics are higher than
the threshold value of 0.7 [78]. According to Tables 6 and 7, the outcomes also show that
the composite reliability (CR) has values from 0.796 to 0.882; these values are evidently
bigger than the recommended value of 0.7 [79]. As an alternative, the construct reliability
must be appraised by researchers by means of the Dijkstra–Henseler’s rho (pA) relia-
bility coefficient [80]. Like CA and CR, the reliability coefficient ρA must show 0.70 or
higher in exploratory studies and values of more than 0.80 or 0.90 for further stages of
research [78,81,82]. The reliability coefficient ρA of each measurement construct is above
0.70 according to Tables 6 and 7. According to these outcomes, the construct reliability is
verified and all the constructs were considered to be accurate.

Convergent validity can be measured by testing the average variance extracted (AVE)
as well as the factor loading [16]. Tables 6 and 7 suggest that all values of factor loadings
exceeded the threshold value of 0.7. Moreover, Tables 6 and 7 show that the values
obtained for the AVE were higher than the threshold value of 0.5, ranging from 0.509 to
0.718. Depending on the expected results, the convergent reliability can be obtained for all
the constructs.
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Table 6. Convergent validity results that ensure acceptable values (Factor loading, Cronbach’s alpha,
composite reliability (CR), Dijkstra–Henseler’s rho (pA) ≥ 0.70 and average variance extracted (AVE)
> 0.5) (Model A).

Constructs Items
Factor
Loading

Cronbach’s
Alpha

CR pA AVE

Technology Self-Efficacy

TSE1 0.775

0.874 0.799 0.832 0.536

TSE2 0.736

TSE3 0.820

TSE4 0.901

TSE5 0.756

TSE6 0.723

TSE7 0.797

Technological
Pedagogical Content
Knowledge

TPACK 1 0.711

0.829 0.882 0.791 0.552
TPACK 2 0.869

TPACK 3 0.909

TPACK 4 0.790

Perceived Ease of Use

PEOU1 0.829
0.844 0.812 0.817 0.661PEOU2 0.847

PEOU3 0.746

Perceived Usefulness

PU1 0.734

0.816 0.828 0.825 0.623
PU2 0.766

PU3 0.889

PU4 0.850

Perceived
Organizational Support

POS1 0.729

0.863 0.814 0.883 0.718

POS2 0.848

POS3 0.758

POS4 0.819

POS5 0.878

Continuous intention to
use e-learning platform

CU1 0.796
0.815 0.876 0.898 0.673

CU2 0.801

Table 7. Convergent validity results that ensure acceptable values (Factor loading, Cronbach’s alpha,
composite reliability, Dijkstra–Henseler’s rho ≥ 0.70 & AVE > 0.5) (Model B).

Constructs Items
Factor
Loading

Cronbach’s
Alpha

CR PA AVE

Technology Self-Efficacy

TSE1 0.726

TSE2 0.826

0.782 0.833 0.823 0.705
TSE3 0.710

TSE4 0.868

TSE5 0.746

TSE6 0.733
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Table 7. Cont.

Constructs Items
Factor
Loading

Cronbach’s
Alpha

CR PA AVE

Perceived Ease of Use

PEOU1 0.763
0.895 0.800 0.836 0.559PEOU2 0.890

PEOU3 0.849

Perceived Usefulness

PU1 0.793

0.856 0.879 0.808 0.696PU2 0.709

PU3 0.873

PU4 0.821

Controlled Motivation

CTRL1 0.832

0.805 0.796 0.807 0.700

CTRL2 0.802

CTRL3 0.875

CTRL4 0.810

CTRL5 0.796

Continuous intention to
use e-learning platform

CU1 0.725
0.878 0.818 0.816 0.509

CU2 0.878

4.3. Discriminant Validity

The two criteria that were suggested should be measured to obtain the measurement
of discriminant validity were the Fornell–Larcker measure and the Heterotrait–Monotrait
ratio (HTMT) [16]. As per the findings of Tables 8 and 9, these needs have been verified by
the Fornell–Larker criterion as each AVE value, together with its square root, exceeds the
value of the correlation of AVE with other constructs [83].

Table 8. Fornell–Larcker Scale (Model A).

TSE TPACK PEOU PU POS CU

TSE 0.876

TPACK 0.165 0.845

PEOU 0.125 0.253 0.802

PU 0.569 0.487 0.558 0.790

POS 0.187 0.202 0.291 0.115 0.787

CU 0.369 0.198 0.378 0.383 0.178 0.803

Note: TPACK = Technological pedagogical content knowledge; TSE = Technology self-efficacy; PEOU = Perceived
ease of use; PU = Perceived usefulness; POS = Perceived organizational support; CU = Continuous intention to
use e-learning platform.

Table 9. Fornell–Larcker Scale (Model B).

TSE PEOU PU CTRL CU

TSE 0.768

PEOU 0.368 0.801

PU 0.267 0.229 0.887

CTRL 0.649 0.492 0.399 0.844

CU 0.422 0.327 0.302 0.188 0.870

Note: TSE = Technology self-efficacy; PEOU = Perceived ease of use; PU = Perceived usefulness; CTRLM =
Controlled motivation; CU = Continuous intention to use e-learning platform.
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Tables 10 and 11 show the outcomes of the HTMT ratio, indicating that the threshold
value of 0.85 is bigger than the values of other constructs [27], and hence confirming the
HTMT ratio. These outcomes play a role in the evaluation of the discriminant validity. The
outcomes of the analysis indicated a smooth and simple assessment of the measurement
model in terms of the model’s validity and reliability. To conclude, it can be said that the
collected data was appropriate for additionally evaluating the structural model.

Table 10. Heterotrait–Monotrait Ratio (HTMT) (Model A).

TSE TPACK PEOU PU POS CU

TSE

TPACK 0.560

PEOU 0.136 0.487

PU 0.266 0.363 0.556

POS 0.296 0.200 0.270 0.544

CU 0.389 0.635 0.378 0.638 0.555
Note: TPACK = Technological pedagogical content knowledge; TSE = Technology self-efficacy; PEOU = Perceived
ease of use; PU = Perceived usefulness; POS = Perceived organizational support; CU = Continuous intention to
use e-learning platform.

Table 11. Heterotrait–Monotrait Ratio (HTMT) (Model B).

TSE PEOU PU CTRL CU

TSE

PEOU 0.232

PU 0.506 0.436

CTRL 0.392 0.457 0.503

CU 0.697 0.609 0.210 0.264
Note TSE = Technology self-efficacy; PEOU = Perceived ease of use; PU = Perceived usefulness; CTRLM =
Controlled motivation; CU = Continuous intention to use e-learning platform.

4.4. Model Fit

The subsequently mentioned fit measures are ensured by SmartPLS: the standard
root mean square residual (SRMR), exact fit criteria, Euclidean distance (d_ULS), geodesic
distance (d_G), Chi-square, Normed Fit Index (NFI), and RMS Theta show the model fit
in PLS-SEM [84]. The difference between experimental correlations and the correlation
matrix inferred from model [85] are indicated by SRMR, and values smaller than 0.08 are
assumed to serve as good model-fit measures [86]. The NFI values that are higher than 0.90
point out a good model fit [87]. The NFI is a ratio of the Chi-square value of the proposed
model to the null model (also known as the benchmark model) [88]. The NFI increases with
larger parameters and therefore, the NPI is not suggested as a model-fit pointer [85]. The
discrepancy between the empirical covariance matrix and the covariance matrix, inferred
from the composite factor model, is indicated by the metrics of squared Euclidean distance
(d_ULS) and the geodesic distance (d_G) [80,85]. The RMS Theta helps in the measurement
of the degree of outer model residuals correlation and is appropriate for reflective models
only [88]. The nearer the RMS Theta value is to zero, the more superior the PLS-SEM
model, and their values of less than 0.12, are assumed to be a good fit, with anything other
than this suggesting an absence of fit [89]. The saturated model evaluates the correlation
between all constructs, as recommended by [29], while the approximate model takes all the
effects and model structure into consideration. The RMS Theta value was 0.073 in Model A
and 0.073 in Model B, as given in Tables 12 and 13, which gives an idea that the specific
goodness-of-fit for the PLS-SEM model was big enough to prove global PLS model validity.
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Table 12. Model fit indicators (Model A).

Complete Model

Saturated Model Estimated Mod

SRMR 0.031 0.041

d_ULS 0.786 3.216

d_G 0.565 0.535

Chi-Square 466.736 473.348

NFI 0.624 0.627

RMS Theta 0.073

Table 13. Model fit indicators (Model B).

Complete Model

Saturated Model Estimated Mod

SRMR 0.012 0.031

d_ULS 0.605 2.317

d_G 0.516 0.506

Chi-Square 461.646 472.347

NFI 0.633 0.642

RMS Theta 0.061

4.5. Hypotheses Testing Using PLS-SEM

The interdependence between different theoretical constructs related to the structural
model was studied by using a combination of the structural equation model with maximum-
likelihood estimation and SmartPLS [38,39]. This indicates the procedure of analysis of
the proposed hypothesis. About 83% and 71% variance were found within the continuous
intention to use the e-learning platform, as shown in Tables 14 and 15, which indicates a
high predictive power of Models A and B [37]. For all the proposed hypotheses, outcomes
of the PLS-SEM technique provided the beta (β) values, t-values, and p-values, which have
been stated in Tables 16 and 17. It is evident that each and every hypothesis is supported
by all the researchers. The empirical data backs hypotheses H1, H2, H3, H4, H5, and H6 on
the basis of the analyzed data. The standardized path coefficients and path significances
are demonstrated in Figures 3 and 4.

Table 14. R2 of the endogenous latent variables (Model A).

Constructs R2 Results

Continuous intention to use e-learning platform 0.832 High

Table 15. R2 of the endogenous latent variables (Model B).

Constructs R2 Results

Continuous intention to use e-learning platform 0.709 High

In Model A, technological pedagogical content knowledge (TPACK), technology self-
efficacy (TSE), perceived ease of use (PEOU), perceived usefulness (PU), and perceived
organizational support (POS) have significant effects on continuous intention to use the
e-learning platform (CU) ((β = 0.336, p < 0.001), (β = 0.426, p < 0.05), β = 0.589, p < 0.05), (β
= 0.625, p < 0.05) and (β = 0.553, p < 0.001), respectively); hence, H1, H2, H3, H4, and H5
are supported.
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In Model B, technology self-efficacy (TSE), perceived ease of use (PEOU), perceived
usefulness (PU), and controlled motivation (CTRLM) have significant effects on continuous
intention to use the e-learning platform (CU) ((β = 0.290, p < 0.001), (β = 0.357, p < 0.05),
β = 0.465, p < 0.05) and (β = 0.243, p < 0.05), respectively); hence, H2, H3, H4, and H6 are
supported.

Table 16. Hypotheses testing of the research model (significant at ** p < = 0.01, * p < 0.05) (Model A).

H Relationship Path t-Value p-Value Direction Decision

H1 TPACK -> CU 0.336 12.223 0.001 Positive Supported **

H2 TSE -> CU 0.426 5.269 0.026 Positive Supported *

H3 PU -> CU 0.589 6.716 0.018 Positive Supported *

H4 PEOU -> CU 0.625 5.584 0.023 Positive Supported *

H5 POS -> CU 0.553 16.108 0.000 Positive Supported **
Note: TPACK = Technological pedagogical content knowledge; TSE = Technology self-efficacy; PEOU = Perceived
ease of use; PU = Perceived usefulness; POS = Perceived organizational support; CU = Continuous intention to
use e-learning platform.

Table 17. Hypotheses testing of the research model (significant at ** p < = 0.01, * p < 0.05) (Model B).

H Relationship Path t-Value p-Value Direction Decision

H2 TSE -> CU 0.290 14.578 0.000 Positive Supported **

H3 PEOU -> CU 0.357 3.116 0.043 Positive Supported *

H4 PU -> CU 0.465 2.646 0.035 Positive Supported *

H6 CTRLM -> CU 0.243 4.361 0.033 Positive Supported *
Note: TSE = Technology self-efficacy; PEOU = Perceived ease of use; PU = Perceived usefulness; CTRLM =
Controlled motivation; CU = Continuous intention to use e-learning platform.

Figure 3. Path coefficient of the model (significant at ** p <= 0.01, * p < 0.05) (Model A).
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Figure 4. Path coefficient of the model (significant at ** p < = 0.01, * p < 0.05) (Model B).

5. Discussion and Conclusions

This study proposed two unique CU models that took into consideration factors that
affect both instructors’ and students’ attitudes. The two models can be theoretically ex-
tended to enhance other technology-supported educational environments and instructional
processes. The first research model of instructors’ CU was proposed, taking into considera-
tion certain social cognitive theory along with personal, behavioral, and environmental
elements that are closely related to instructors’ CU. In general, the results of SEM analysis
has supported all the proposed hypothesis. From a practical perspective, this study has
proven that POS is the most influential factor that affects instructors’ CU of e-learning
platforms.

Ref. [90–92] seem to agree with the current conclusion in stating that POS could
motivate its staff members, leading to an upgrade of the organization. However, a study
by [93] placed an emphasis on staff members’ personalities and readiness to change. This
implies that the lack of organizational support may have negative consequences. One
of the studies by [60] has proposed that when instructors feel that there is no adequate
organizational support, they are less likely to continuously use the technology, especially in
an educational atmosphere where instructors are supposed to implement various in-class
pedagogical changes to facilitate a better learning environment for the students.

In fact, POS is not the only factor that affects instructors’ CU, but rather instructors’
TPACK is another key factor that affects CU. Most of the previous research has proven that
the organizational support may affect users’ motivation to use the technology. A study
by [94] put emphasis on the effect of PACK in facilitating the e-learning process by both
teachers and adult learners. This seems to be in line with the results obtained from this
study where TPACK affected, to great extent, the teachers’ performance. It is assumed that
whenever teachers’ content, technological, and pedagogical knowledge is high, it implies
that his or her ability to change the teaching material to suit the newly used technology
will be more practical and effective. Obviously, teachers are more motivated when there
is reliable technical support and IT staff that can facilitate the process of establishing new
computer-supported knowledge [66,68].
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Similarly, CTRLM has an effect on students’ CU. CTRLM, along with technology self-
efficacy (TSE), are the key factors that have a great impact on students’ CU. The study has
proven that CTRLM is connected deeply with the willingness to use the e-learning teaching
platform. The higher the motivation is, the more effective results are obtained. Previous
studies have tackled the effect of CTRLM on students’ performance and have proven that
there are both pedagogical and non-pedagogical elements that affect motivation [95–97].
These studies have indicated that technology development has placed a positive effect on
motivation, as it urges students to get engaged in the new learning platform. This makes
motivation very high and involvement in classes even higher, increasing the students’
willingness to learn, and thus, using the technology continuously [98,99].

5.1. Practical Implications

According to the study outcomes, salient factors were noticed in determining users’
acceptance of the e-learning system and technological pedagogical content knowledge,
technology self-efficacy, perceived ease of use, perceived usefulness, perceived organiza-
tional support, and controlled motivation were significant. Hence, upon implementing a
new e-learning system, faculty members must be informed about the system’s features
and its technical issues, as well as its usefulness, so that they feel self-assured and can
gain insight into the system. To increase faculty use of the e-learning system, faculty
members are of the view that universities should deliver workshops, extensive training,
and awareness programs on the system’s features, benefits, and usage [100]. In addition,
a national survey was conducted, in which 57% of faculty members said that they could
become more productive [100] if the use of e-learning technology was communicated
thoroughly to them in their courses. Faculty members in this study also reported that,
if they were aware of the positive impact of such technology on student learning, they
would be inspired to learn and use the e-learning system. Hence, extended online help and
periodic training programs for the e-learning system should be offered by the universities
to ensure increased use of the system and to increase the faculty’s self-efficacy. As a result,
this overall phenomenon would help faculty members to obtain practical exposure, acquire
better skills and become more proficient in using the e-learning system; as a result of this,
their use of the system would be enhanced. In accordance with our findings, there was a
weak influence on faculty attitudes toward the e-learning system because of facilitating
conditions. Consequently, to ensure the smooth running of the e-learning system, attention
must be given by universities to ensuring technical support and reliable network access.
Moreover, online and face-to-face support and guidance should be provided by the uni-
versities for faculty members to ensure that members have positive attitudes toward the
e-learning system and, consequently, that they become capable of extended use of the
system [65,101].

5.2. Limitations and Further Research

This study has the following limitations. Only one university in the United Arab
Emirates was considered for studying the impact of factors on the adoption of e-learning
systems; this is the key limitation. The applicability and pertinence of this study would
have been enhanced if more institutes and universities in the United Arab Emirates had
been taken into consideration. With further analysis and insight into the e-learning system,
the researchers could have better understood the factors that influence such a system.
In addition, the participation of a limited number of students (372) is another limitation.
According to [45], a survey questionnaire method was used for data collection. For ap-
propriate and improved outcomes, an enhanced instrument is being sought and more
institutes will be taken into account from other regions, such as the Arab Gulf, including
Kuwait, Saudi Arabia, and Bahrain. Furthermore, invitations to join the study will be sent
to more students, and researchers will conduct focus groups and interviews for suitable
results. Moreover, we are seeking to implement the e-learning system in specific Arab
universities that have contributed to the research.
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Abstract: Today, many students are moving towards higher education courses that do not suit them
and end up failing. The purpose of this study is to help provide counselors with better knowledge
so that they can offer future students courses corresponding to their profile. The second objective
is to allow the teaching staff to propose training courses adapted to students by anticipating their
possible difficulties. This is possible thanks to a machine learning algorithm called Random Forest,
allowing for the classification of the students depending on their results. We had to process data,
generate models using our algorithm, and cross the results obtained to have a better final prediction.
We tested our method on different use cases, from two classes to five classes. These sets of classes
represent the different intervals with an average ranging from 0 to 20. Thus, an accuracy of 75% was
achieved with a set of five classes and up to 85% for sets of two and three classes.

Keywords: machine learning; Random Forest; selection feature; orientation

1. Introduction

Many universities face the same problem: the first-year failure rate is far too high.
For example, the average failure rate observed in the first year in France is more than
60%. This is a problem common to all areas, albeit to varying degrees [1]. It is particularly
high in France in science, psychology, law, and so on. This phenomenon concerns both
small and very large cohorts [2,3]. This failure rate is found both in training courses that
do not select their students and in so-called selective training. Faced with this recurring
problem, universities are struggling to find a valid explanation as the origins of students
is varied. In fact, the studies taken before entering the University are often different from
one student to another, the institutions of origin are often of very heterogeneous levels,
the students have followed optional courses which vary from others, etc. All these points
make it difficult at first glance to identify student profiles that may fail. This is where
techniques based on machine learning can be of great help.

The field of educational data mining (EDM) is facing this kind of problem. More pre-
cisely, supervised learning techniques have been used more and more in recent years
in very different fields, and each time they provide significant support. For example,
they are used for image recognition, activity recognition, text classification, the medical
field, and emotions. The idea of our project is to use the power of these algorithms to detect
the profiles of students entering university who are likely to fail. The algorithms will use
learning methods based on the profiles of students from previous years and their success
or failure at university. Once such students are identified, it is then possible to set up an
adapted pedagogy (tutoring, adapted course, hours of support, etc.) in order to break the
spiral of failure. Thus, instead of waiting for students to fail, it will then be possible to set
up processes to limit the number of failures.

In this article, we propose a new approach to learn the profiles of failed students.
In the following we will present the existing work in terms of prediction of success and
profiles, we will present the data from which we work as well as the pre-treatments that we
apply to them (in particular in terms of anonymization), we will present then our approach
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based on Random Forests and we will end with the presentation of our experiments and
the promising results that we obtained.

For several years now, research around the world has been interested in this problem
of too high failure rates, especially during the first year of university. The vast majority
of approaches used are based on supervised learning techniques, but some innovate
by testing semi-supervised approaches. In [4], for example, the authors decided to test
semi-supervised approaches in order to learn the profiles of failed students. They use an
algorithm called the Tri-Learning algorithm. This algorithm is particularly used in cases
where it is difficult to label the data [5]. Three classifiers from the original set example are
set. These classifiers are then refined using unlabeled examples in the tri-training process.

In his thesis [6], Pojon focuses on the comparison of three significant algorithms of
supervised learning to know how much they improve prediction performance. The algorithms
he chose are linear regression, decision trees, and Naive Bayes. These algorithms were tested
on two datasets, and the decision trees and Naive Bayes gave the best performances.

In [7], the authors compare five algorithms. Faced with the large number of features
that make up their dataset, they use feature selection algorithms to reduce it. Among the
algorithms used are decision trees and Bayesian networks, Multi-Layer Perceptron (part of
the Artificial Neural Network), Sequential Minimal Optimisation (part of the SVM class),
and 1-NN (1-Nearest Neighborhood). In this study, the dataset used concerns students
admitted to Computer Science in some undergraduate colleges in Kolkata from 2006 to
2012. The years 2006 to 2010 are used to create the model (309 students) and the years 2011
and 2012 are used to test it (104 students). In this study, decision trees gave the best results.

As we have just seen, the studies seem to focus on the same algorithms: the SVM,
the Naïve Bayes, the decision trees, as well as the logistic regression [1,4–6,8]. The study
of existing works has led, on many occasions, to note the points which make this task
difficult [8]. These difficulties are intrinsically linked to the nature of the data to be
considered. Indeed, these are generally few (it is not uncommon to have to consider
student promotions of the order of several tens). These small samples correlate with a
large number of characteristics, which can penalize the performances of certain algorithms.
Another point that can greatly reduce the performance of predictions is the fact that the
datasets considered are generally poorly balanced. It is only very recently that some studies
are interested in Random Forests (RF) to solve this problem [2,8–10].

The RF algorithm consists of building a set of decision trees (Figure 1). The final
decision is taken following a majority vote. The construction of these decision trees is based
on two very important concepts: Bagging and Random Feature Selection. Bagging consists
of not considering the entire dataset when creating one of the trees of the forest but a subset
of randomly selected elements. The Random Selection Feature is a process that occurs at
the time of the creation of the nodes of a tree: unlike a conventional decision tree where
the creation of a new node is done by choosing the best argument among the set possible
arguments, the choice of an argument for the creation of a new node in a forest is done by
choosing the best argument among a subset of randomly chosen arguments.

One of the very important results in [11] is the theoretical proof of convergence of RF.
That is, the generalization error of RF converges to a limit value with the increase of the
number of trees. As demonstrated by Breiman, an upper bound for the generalization error
(denoted PE in the original paper) is given by:

PE∗ ≤ ρ
(
1 − s2)

s2

where ρ is the mean value of the correlation between two RF models and is the strength of
the set of classifiers (i.e., decision trees). As stated by Breiman [11], although the bound is
likely to be loose, it fulfills the same suggestive function for RF as Vapnik-Chervonekis-type
bounds do for other types of classifiers. It shows that the two ingredients involved in the
generalization error for RF are the strength of the individual classifiers in the forest and
the correlation between them. The s2 ratio is the correlation divided by the square of the
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strength. In understanding the functioning of RF, this ratio will be a helpful guide–the
smaller it is the better, which means that the error of generalization of the forest will be
smaller if the decision from each individual tree is both more reliable and less correlated to
the decisions from the other trees.

Figure 1. Principle of Random Forests (RF).

We have already been able to test the effectiveness of this algorithm in very different
domains: the recognition of human activity from videos from a Kinect [12] or worn
sensors [13], the classification of short texts [14], the prediction of marine currents, etc.
We thus decided to apply this algorithm to try to find relevant answers to the problem of
improving student success in their studies.

With this statement, we will show the interest in this technique to answer our problem
in this article. We are also aware that the nature of the data we consider requires us to
make a significant effort of pre-processing. This is because the dataset contains almost
empty columns because all the subjects existing in the school are represented and not all
the pupils follow them. Moreover, only the grades obtained in the subjects by the students,
the best and worst averages, and the class average are available. A lot of information
must be removed from the initial dataset in order to ensure strict anonymization (surname,
first name, date of birth, address, telephone, e-mail, etc.). It is also important to be able to
obtain indications such as the evolution of grades in a subject over time in order to have
a better profile. In the following, we will show the strategies we have implemented to
improve our prediction.

2. Material and Methods

2.1. Methodology

We started our research work on a promotion of students which well-illustrated our
problem of failure: the first year of studies in computer science of the IUT (Technical
University Institute) of Université Côte d’Azur. Indeed, this training is in great demand
(more than 2000 requests for 80 to 90 places) and moreover, a selection of the best candidates
is made each year. This selection is made by looking at scores in mathematics, French,
and English, and also by looking at behavioral remarks. Despite this strict selection process,
the failure rate in the first year is still far too high (around 30% in the first year). This type
of training is therefore very symptomatic of our problem. We, therefore, worked our study
from the list of students admitted in this formation for the school years 2017–2018 and
2018–2019. Over these two years, we have combined, for each student, all the information
available concerning their past education with the marks obtained in the first semester of
our reference training.
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There were many data on past education. They contained the specialties followed
by the students, the marks obtained in each subject by the candidate themself and also
the average of the class, as well as the highest and lowest averages of the class. We also
had information that characterized the high schools of the candidates (number of students
having passed the bac, number of honors, etc.). We had thus obtained a fairly large
set of data if we considered the information that characterized each candidate for our
training. Thus, our initial data set contained more than 400 characteristics. After removing
characteristics that were either unnecessary or related to the identity of the students and
adding additional information, the dataset contained more than 1000 characteristics. On the
other hand, the volume of candidates cumulated over the two years taken into account was
around 150, which was obviously not much. Techniques associated with the processing of
small data sets should therefore be used in the context of this study [15].

2.2. Data Processing

We first had to encode the data used by the RF algorithm [16]. Some information
contained in the dataset can negatively impact predictions, for example, features that
mainly have no values. The dataset had been designed to be compatible with all the
university’s courses, whatever their field of study. Thus, we considered all the subjects
that can be followed before arriving at the university. Our dataset, therefore, contained
all existing subjects. However, a high school student cannot follow all these subjects.
For example, a high school student who had specialized in a literary field will not have
any marks in the final year before university in science subjects such as mathematics or
physics and chemistry. Thus, when we consider for our study a university department of
studies specializing in computer science, all the columns in our dataset that correspond to
non-scientific subjects (literature, Greek, Latin, etc.) will therefore be almost empty.

Thus, we decided not to consider those data. Finally, we added some new data corre-
lated with our dataset. As an example, information about the school of the future students
was initially the name of this school and its localization. We replace that information—
which was useless—with numerical information related to the number of high school
students who obtain their bac, as well as the number of honors.

Finally, we had in our dataset many grades obtained by high school students during
their schooling. We calculated other information from those grades, such as the evolution
of their results in mathematics during the year, the difference between their best and worst
results in a semester, etc. More precisely, we calculated information for each of the subjects
followed by the candidates:

• Averages: calculation of averages in all subjects for each term of each school year two
by two (première and terminale).

• Weighted averages: weighted averages taking the subjects’ scientific and non-scientific
matters. A higher coefficient is given depending on whether the calculated average
corresponds to a scientific or non-scientific subject.

• Candidate average delta: candidate average—class average.
• Low average delta: candidate average—lowest average.
• High average delta: highest average—candidate average.
• Difference: difference between the highest and the lowest mark in each subject.
• Range: highest average—lowest average.
• Bonus: (candidate average—average of the class)/(highest average—lowest average).

It emerged that the characteristics that have the greatest influence on prediction
obviously depend on one training course to another. Nevertheless, low and high delta
values stood out as important characteristics in several formations, so they seemed to be
relevant metrics. As seen in article [17], the selection of features improved prediction rates,
and the method which gives the best results was the “wrapper” technique [18]. Finally,
in order to select a feature on the columns, we chose the “wrapper” technique.
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2.3. Class Balancing

The pupil averages to be expected were separated into different intervals called classes.
We separated the pupils by their final results. We decided to test different configurations in
order to see which one was the most significant. The class numbered 0 was also the most
obvious: success, ie [10, 20] in Table 1 means that students obtained an average between 10
and 20, and failure, ie [0, 10[ in Table 1 means that students obtained an average between 0
and 10 (10 is excluded in this range). We also tried to be more precise in our classification.
For class number 1, we, therefore, considered pupils with great difficulties (result below
7.5), those who succeed (result above 10), and pupils who have results below 10 but who
have not completely failed. As this study was exploratory, we have divided this class into
two other similar classes (classes 2 and 3) by slightly modifying the boundaries of each
group, as shown in Table 1. Finally, we also planned to separate the pupils into two other
even more precise configurations (classes 4 and 5) by dividing the notes into 4 and then
5 intervals.

Table 1. Set of classes.

Class Set Label Class Intervals

0 [0, 10[ [10, 20]

1 [0, 7.5[ [7.5, 10[ [10, 20]

2 [0, 8[ [8, 10[ [10, 20]

3 [0, 8.5[ [8.5, 10.5[ [10.5, 20]

4 [0, 7.5[ [7.5, 9[ [9, 10.5[ [10.5, 20]

5 [0, 7.5[ [7.5,8.5[ [8.5, 9.5[ [9.5, [ [10.5, 20]

The students were not equally distributed in all the classes, as the majority of them
had global results between 9 and 14, as shown in Figure 2. Thus, the number of classes and
the limits of those classes had a direct incidence on the number of students in each class.

Figure 2. Histogram of the distribution of pupils according to their average.

An imbalance in the distribution of students according to class sets was notable.
As shown in the following histogram on the left, the class of the pupils having average
in range [10, 20] contained 119 pupils out of a total of 154, which represents 77% of the
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total population. One of the first treatments we had to do on our dataset was to do class
balancing in order to minimize this problem.

Class balancing was done in two ways. First of all, the classes with a large population
have been divided into subclasses as shown in Figure 3. The disadvantage here is that for
some groups, the class population has become small, less than 10 students by class.

The second way was to manage this in the RF algorithm itself, which allows the data
of a class with a small population to have greater weight in decision-making. It can be
therefore useful to add the hyperparameter “class_weight = balanced”. This automatically
weighed classes inversely proportional to the frequency of their appearance in the data.

Figure 3. Histograms before and after class balancing.

2.4. Generation of Models

To build the different RF models, we first separate the dataset into two subsets: training
dataset, which will be used to build the model, and test dataset, which will be used to test
the efficiency of the model. To build the training dataset, we randomly selected 80% of the
initial dataset, and the remaining 20% was affected by the test dataset.

As shown in Figure 4, the training dataset was used to build 6 RF corresponding to
our six sets of classes, hence creating six models. We then tested those models with the
test dataset.

Figure 4. Model generation process.
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Since the number of students was limited to 154, the test dataset consists of 31 students.
This means that each student had a very important weight for the accuracy of the model.
Making a mistake on a single student immediately dropped the precision. To face this
problem, using several “seeds” made it possible to generate models whose supplied data
and definition classes were identical in order to be able to combine their results. The number
of seeds used was 150. Thus, the precision was then no longer calculated on 31 pupils
but on 4650. This reduces the individual impact of 90% of a prediction and thus had a
result closer to reality, to which more confidence can be allowed. In addition, the choice
to use 150 “seeds” was taken in order to have results in a reasonable time while having a
sufficiently large sample. So, for each set of classes, 150 “seeds” were used.

2.5. Crossover of Models

The objective of cross-checking the models was to use the results of the six models
trained with the same training set and with different target class sets so that they correct
their errors with each other (Figure 5). The goal was to merge their prediction on the same
student to try to determine which predictions were wrong.

Figure 5. Models crossover.

The crossing of the predictions of the six models can be represented as shown in
Figure 6. It represents a tree where the last level contains 1081 sheets, where each final
leaf represents a possible combination of the predictions of the six models (2 * 3 * 3 * 3 *
4 * 5) for each set of target classes. Each level of the tree represents a model. Each node
has m children and m represents the number of classes of the following model. As shown
in Figure 6, the class bubble in range [10, 20] of the class 0 set is connected to three child
nodes because the class 1 set is made up of three classes. Finally, a tree is made for each set
of definition classes.

To know which class to predict after each combination, a training phase was carried
out beforehand by making predictions using the models on the students of the test sets.
Students whose actual class was different may refer to the same combination of predictions.
If so, the class with the highest proportion of students for that combination becomes the
combination prediction.

With this process, some combinations may never be encountered. If applicable, the pre-
diction of the model whose definition classes are the same as that of the tree becomes the
prediction of the combination of models. For example, if for a combination ‘abcdef’ whose
target classes are in range [0, 10[ with 10 cases encountered and range [10, 20] with 30 cases
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encountered then for this combination the final decision will be a success: the prediction
associated with this sheet will therefore be in range [10, 20].

Figure 6. Tree representing the model crossing method.

3. Results

Following the increase in data, the balancing of classes, and the crossing of models;
the results obtained are shown in Table 2. The “Virtual” column represents the results of the
models with the balancing of the classes performed by cutting them up and the “Balanced”
column represents the results of the models with the balancing classes performed by
weighting the data in the algorithm.

Table 2. Accuracy for two balancings.

Before Crossing After Crossing

Class Set Virtual Balanced Virtual Balanced

0 0.79 0.81 0.85 0.85

1 0.71 0.755 0.848 0.84

2 0.68 0.76 0.84 0.83

3 0.63 0.68 0.77 0.76

4 0.59 0.63 0.76 0.75

5 0.56 0.626 0.75 0.74

Crossing the models allowed a clear improvement of the predictions, in particular for
the models with a larger number of classes such as the models with four and five classes
which gained approximately 15% accuracy. After crossing only, the results seem similar
with a slight advantage for the models with the “Virtual” class sets. The detailed results
after crossing are presented in the form of a confusion matrix (Figure 7) with the prediction
of the model on the x-axis and the student’s real class on the y-axis. The diagonal therefore
represents the good predictions. First, the results of the models with “Virtual” class sets.

For the classes of students who fail multiclass models, the worst precision is that of
class in range [9.5, 10.5[ of model 5 with 27% and the best is that of class in range [7.5, 10[
of model 1 with 57%. Overall, the accuracy for classes of students who fail is about 40%
and always over 92% for students who pass. Next, the results of the models with sets of
“Balanced” classes (Figure 8).
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Figure 7. Tree “Virtual” confusion matrix model number 1 to 3 after crossing.

Figure 8. “Balanced” confusion matrix for two classes after crossing.

For the two-class model, we observe good precision for the pupils of class in range
[10, 20]—more than 95% (Figure 9). However, only 52% of the pupils of class in range [0, 10[
were correctly predicted, which is worse than the model with the previous balancing.

Figure 9. “Balanced” confusion matrix for five classes after crossing.

For the classes of students who fail multiclass models, the worst precision is that of
class in range [9.5, 10.5[ of model 5 with 17% and the best being that of class in range
[7.5, 8.5[ of the same model with 56% (Figure 9). Overall, the accuracy for classes of students
who fail is around 40%.
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4. Discussion

The confusion matrices show that increasing the number of classes results in a slight
loss of precision. The decrease in precision between models with the sets of classes 0,1,2 and
3,4,5 can be explained by the fact that using class [10, 20] offers better precision compared
to a model using the class in range [10.5, 20] (Figure 10).

Figure 10. Results of a model with the class in range [10, 20] and of a model with the class in range
[10.5, 20].

The quality of the prediction of the classes of students who fail is still poor—less than
one pupil in two belonging to these classes is correctly identified.

The balancing which seems the most convincing is balancing with the weight of the
data because even if there is low precision for the classes contiguous to the classes in ranges
[10, 20] and [10.5, 20], the precision of the classes to students with the lowest averages is
better. This model is therefore more useful for predicting students who will largely fail than
those with an average of around 10/20. The first results were not conclusive. However,
thanks to improvements in the data, the increase in features followed by a selection of these
led to a gain in model accuracy.

Secondly, balancing the classes of the models allowed for smoothing the precision. That is
to say, a gain of precision on the classes with a small amount of data representing them.

Finally, the intersection of the model predictions made it possible to obtain more
satisfactory results. However, they are still insufficient because the quality of the predic-
tion of pupils having difficulty is not important enough. However, the models can still
be improved.

In order to improve the results, we can imagine a second level of crossing predictions
between the two kinds of balancing. Improving the RF algorithm, we use is also possible,
for example, trying to limit the training so as not to be overfitting as suggested in Figure 11.

Figure 11. Accuracy in training and testing.

5. Conclusions

In this article, we addressed the problem of success in the first year of university by
constructing a solution to estimate whether a candidate entering a training course will
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succeed or not. This additional information can then be used by guidance counselors
to guide the future student in their choices and by pedagogical teams to set up specific
support measures for each candidate, even before the first evaluations. In order to obtain
this information, we used a set of real data that we had previously cleaned and then
processed using the RF algorithm. To improve the results, we also implemented a “model
crossing” mechanism.

In addition, it should not be forgotten that the results are based on data from first-
year students at a Technical University Institute in Computer Science. These have been
pre-selected and the size of each promotion can be considered as average, around one
hundred. Therefore, wanting to reproduce the process presented to other training is
quite possible and relevant. However, the results will probably not be the same since the
number of students differs according to the type of training. This can be considered very
important like biology or medical training where it can exceed a thousand each year, or low
like graphic design schools, for example, Itecom Art Design with around twenty a year.
With enrollment differences, the pre-selection of students, as well as the different modules
from one training to another, can have an impact on the results.

We are currently working on different solutions to consolidate and improve the results
obtained. In addition to the evaluation of different data sources (promotions), we are
investigating the possibility of using other algorithms instead of RF and even combining
the different algorithms. Finally, we are also starting work to take into consideration
not only numerical data characterizing the candidates but also textual data found in
class reports.
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Abstract: Problem-based learning is the latest name for a teaching philosophy that is as old as
Ancient Greece. Whether you call it Socratic Inquiry, case-based teaching, problem-based learning,
interactive group learning, or “flipped” learning, the essential concept is to encourage the student
to collaborate in applying their gained knowledge to solve a problem. As traditional lecture-based
teaching has been challenged, the design of classrooms has been called into question. A flat or tiered
room is not seen as an ideal setting for collaborative work. In our own College of Business, several
traditional classrooms were converted to problem-based learning classrooms at considerable expense.
This paper evaluates, using measures based on Michael G. Moore’s theory of transactional distance,
whether moving flipped classes into these high-tech classrooms improves the collaborative learning
experience. Transactional distance can be defined as the barriers that exist to a student’s engagement
with their learning experience. These barriers arise due to the interaction between students and the
teacher, other students, the subject matter content, and instructional technology being used. Our
results suggest that, from a student engagement and outcome standpoint, the investment in costly
high-tech classrooms is not warranted—a welcome result in times when university budgets are
stretched to the limit.

Keywords: learning space design; transactional distance; student engagement; learning outcomes;
collaborative learning; blended learning; problem-based learning; interactive group learning; flipped
classroom

1. Introduction

As instructors, we are assigned classrooms. We can make requests if we have enough
seniority, but even then, there are no guarantees. We all want to get through to our students,
and we all want the best environment for doing so. At one time, that environment was
the porch of a Greek market where the Stoics met. Later, a one-room schoolhouse gave
most students all the education they would receive, while higher education evolved from
students gathering in their professor’s office to listen and talk with them. Eventually, when
the office could no longer accommodate the increased number of students, classrooms
were built, giving students a place to sit, listen, and take notes. Figure 1 depicts such a
traditional classroom.

Before the days of the printing press, books were generally unavailable. Those that
possessed them would read them to those that did not have them (or could not read). As
these “lecturers” achieved a reputation, it became necessary (and profitable) to extend their
reach as far as possible. This was achieved by following the model of the Greek theatron,
the stadium-like seating around the stage. Figure 2 illustrates how this model of conveying
a lecture to an audience has persisted over a millennium despite books and a wide range
of instructional technology being widely available and affordable.
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Figure 1. A traditional classroom.

 

Figure 2. Tiered classrooms then and now.

Stadium-like classrooms are great for lecturing, but lecturing is not necessarily good
for learning. An article in BBC NEWS [1] asked whether lectures should not be obsolete
by now, quoting research showing that students remember as little as 10% of their lecture
just days afterward and referencing a Harvard study that found, on average, attendance at
lectures falls from 79% at the start of the term to 43% at the end.

Prince [2] found that problem-based learning (PBL) can be superior to traditional
lecture-based learning. Bishop and Verleger [3] report similar results for the flipped
classroom, a particular type of PBL, which they define as an educational technique that
consists of two parts: interactive group learning activities mediated by the instructor in the
classroom and direct computer-based individual instruction outside the classroom.

Selingo [4] proclaimed flipped learning as the future of higher education. This procla-
mation appears to have been a prophesy considering the exponential growth of research
about the flipped classroom, shown in Figure 3 from Talbot [5]. This explosion in knowl-
edge about flipped learning has encouraged its adoption in the classroom. According
to the Flipped Learning Global Initiative, by 2017, approximately 16% of U.S. teachers
were flipping their classes, 35% wanted training on how to flip their classes, and 46% of
principals wanted new teachers who knew how to flip a class [6]. As can be expected,
adoption in the classroom has created a market for flipped products (software, hardware
and services) which was valued at $971 in 2018 and is forecasted to grow to $1.9 Billion by
2024—a compound annual growth rate of 15.5% [7].
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Figure 3. Published research on flipped learning (# of peer-reviewed articles).

Based on the theory that a new type of learning will require a new setting, in 2013,
the then Dean of our College of Business initiated a remodeling program to convert
existing classrooms to specifically support PBL, at a cost of approximately US $190,000 per
classroom. The rooms are showpieces, with a very large (120”) screen at the front and from
5 to 8 group stations around the room, each consisting of tables (on wheels) with seating
for six, a computer with internet access, and a large (90”) screen, where the students can
project their work in process. Simultaneously, to encourage faculty to consider PBL, the
Dean solicited proposals from the faculty for implementing it in their classes.

The authors proposal to implement flipped learning in a required undergraduate
course in the Bachelor of Science in Business Administration (BSBA) program in the PBL
classroom was accepted. With their course scheduled in the new PBL room, when they
asked the Dean what he expected to see in the class, the response was “I do not want to see
lecturing. I want to see student working in teams collaborating with each other, sweating to
solve a complex problem.” His vision aligned directly with the flipped classroom. Figure 4
shows a flipped class in action in one of the PBL classrooms.

 

Figure 4. A flipped class in action in a PBL room.

The authors experienced success teaching their course as a flipped class in the PBL
classroom. The average final grades increased by approximately 15 points and the range
between the highest and lowest average final grade in the class decreased by over 45
points [8]. Consequently, they adopted flipped learning in all their classes. Due to the
limited number of PBL classrooms, however, their classes could not always be scheduled
in PBL rooms, so they have taught their classes in the PBL rooms when fortunate enough
to have been assigned to one and in flat or stadium classrooms when less fortunate. When
not in a PBL room, they improvised to adapt the classroom to help, not interfere, with
the collaborative work required of their students. For the flat classroom, this was simply
to have the students drag desks together in groups of four to six and to share their work
on their laptops. For the stadium classroom, the desktops and chairs are fastened to the
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floor, so the groups sat together, either strung out along one row or in two rows, with the
students in front turning around to talk to the ones behind, again sharing work on the
laptops.

Regardless of the classroom type assigned, all classes were flipped in the manner
described in Swart [9]. The school’s Learning Management System contained the lecture
material (notes and videos) the students read and watched outside of class. During class,
the lecture material is applied to an assigned problem or task, upon completion of which
an individual quiz assesses how well the material was mastered. The instructor, instead
of lecturing, moves from group to group, answering questions and providing guidance.
Swart [9] has shown that student outcomes and satisfaction are better with the flipped
paradigm. We had not observed any change in grades, however, regardless of the type of
classroom assigned. This led us to the overarching research question of what benefits in
student learning are obtained from the monies that are being spent on creating PBL rooms?

In the next subsections, we will review pertinent literature to our research covering
both learning spaces and transactional distances. The latter provides the theoretical foun-
dations for the scale of transactional distance, which will be our measurement tool for the
research.

1.1. Learning Spaces

Problem-based, or active learning, classrooms designed to facilitate collaborative work
are becoming more common [10–12]. Some research [13,14] has shown that students do
not like collaborative learning, while others [8,15] have found no difference or improved
student performance in collaborative settings. Student preference for entertaining and
interactive learning environments was noted by Leverett et al. [16]. Enhancements to
learning spaces has been a topic for numerous authors [17–20]. In [13], the authors noted
the need for inquiry into the relationship between active learning classrooms and student
attitudes toward collaborative learning.

Discussion of learning spaces goes back before any talk of collaborative learning. By
1979, Weinstein [21] found enough research to provide a review concerning the physical
environment of schools. The 2006 book Learning Spaces [22] provides a series of articles
discussing how to “reconceptualize learning spaces to facilitate active, social, and experi-
ential learning.” Clinton and Wilson [23] note that classrooms were designed to facilitate
lectures, but Peberdy [24] notes many institutions are redesigning classrooms to facilitate
active learning, despite the substantial costs. While students indicate that collaborative
learning classrooms help their concentration [25], Cleveland and Fisher [26] call for better
understanding of student opinions of their learning spaces. Clinton and Wilson [23] pro-
vide a small study using their own survey of student perceptions of their course taught in
both a traditional setting and a collaborative setting, concluding that “students perceived
active-learning classrooms as better suited for collaborative learning than traditional class-
rooms . . . ”. Swart [9] found that student performance and satisfaction improved in flipped
classes in the PBL classrooms compared to lecture-based classes in traditional classrooms.

1.2. Transactional Distance

The theory of transactional distance was developed by Michael G. Moore [27] and
is one of the seminal theories governing distance education. It constituted a paradigm
shift in that it viewed “distance” as a social and communications gap, a space of potential
misunderstandings between the instructor and learners. He proposed that transactional
distance is a function of two sets of variables, dialogue (interaction) and structure (course
design). High structure and low dialogue yield high transactional distance and vice versa.

Zhang [28] updated Moore’s theory to include online learning. She posited that
transactional distance (TD) represented the barriers existing between students and their full
engagement with the learning environment. She defined it as a multidimensional construct
consisting of: transactional distance between student and student (TDSS), transactional
distance between student and teacher (TDST), transactional distance between student
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and content (TDSC), and transactional distance between student and the instructional
TECHnology used for teaching/learning (TDSTECH). She then postulated that these
constructs resulted in three learning outcomes: student SATISFACTION with learning,
PROGRESS toward achieving learning goals, and whether LEARNING has occurred in the
class.

Zhang operationalized the above concepts by breaking down each construct into
multiple elements, resulting in 31 questions plus the three outcomes, shown in Appendix A.
Each element is associated with a five-point Likert scale (1 = Untrue, 5 = True). The resulting
questionnaire, referred to as the scale of transactional distance, was subjected to structural
equation modelling techniques including exploratory and confirmatory factor analysis,
confirming goodness of fit and validation of the scale [28].

Figure 5 summarizes the content of the scale of transactional distance, detailed in
Appendix A. Student engagement is obtained from the responses to the element questions
under TDSI, TDSC, TDSS, and TDSTECH, while outcomes are measured from the responses
for LEARNING, GOALS, and SATISFACTION. All the responses are recorded on the same
survey.

 
Figure 5. Content of the scale of transactional distance.

1.3. Research Hypotheses

Swart [9] achieved a 15 point (out of 100) increase in final average grade when chang-
ing from a lecture to a flipped format. However, the authors did not find a difference
in grades when the flipped course was taught in either a stadium, flat of PBL classroom.
Grades are important to students. However, as instructors, Schwab et al. [29] note that we
are more interested in student learning. While we already knew that student grades in
our flipped classes were not impacted by classroom type, we did want to find out whether
classroom type impacted student engagement, which is “highly correlated with many
desirable learning and personal developmental outcomes of college”, according to Axelson
and Flick [30]. Thus, from the data obtained from administering the scale of transactional
distance survey, we tested the following four research hypotheses:

Research Hypothesis 1

Hypothesis H10. Student engagement and outcomes in a flat classroom = student engagement
and outcomes in a PBL classroom.

Hypothesis H1a. Student engagement and outcomes in a flat classroom �= student engagement
and outcomes in a PBL classroom.

Independent-samples t-tests will be used to test these hypotheses. SPSS 27 will provide the
results for both engagement and outcome, hence the reason for including both in the hypothesis.

Research Hypothesis 2

Hypothesis H20. Student engagement and outcomes in a PBL classroom = student engagement
and outcomes in a stadium classroom.
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Hypothesis H2a. Student engagement and outcomes in a PBL classroom �= student engagement
and outcomes in a stadium classroom.

Independent-samples t-tests will be used to test these hypotheses. SPSS 27 will provide the
results for both engagement and outcome, hence the reason for including both in the hypothesis.

Research Hypothesis 3

Hypothesis H30. Student engagement and outcomes in a stadium classroom = student engagement
and outcomes in a flat classroom.

Hypothesis H3a. Student engagement and outcomes in a stadium classroom �= student engage-
ment and outcomes in a flat classroom.

Independent-samples t-tests will be used to test these hypotheses. SPSS 27 will provide the
results for both engagement and outcome, hence the reason for including both in the hypothesis.

Research Hypothesis 4

Hypothesis H40. Student engagement and classroom type are unique significant predictors of
outcomes.

Hypothesis H4a. Student engagement and classroom type are NOT unique significant predictors
of outcomes.

Stepwise multiple regression will be used to test Research Hypothesis 4.
Hypotheses 1–3 refer to results obtained after the fact, when PBL rooms were already

built. We envision the possibility of using the scale of transactional distance to evaluate
alternate PBL room design using user focus groups. Focus groups could be presented with
renderings of actual design alternatives, including virtual reality representations of the
physical PBL room design alternatives. They could then fill out the scale of transactional
distance survey indicating how they would respond to the questions for each design
alternative. The results could then be entered into a robust regression model to predict
student outcomes for each design alternative.

2. Materials and Methods

The data was gathered over a five-semester period (Fall 2017–Spring 2019) in a re-
quired undergraduate class in the Bachelor of Business Administration (BSBA) program.
The instructor was the same for all classes and taught the class in a flipped format as
described in [9]. The classes were scheduled in either a PBL classroom, a flat classroom, or
a stadium classroom, based on availability and administration priorities.

The scale of transactional distance survey was used to collect student engagement
and outcome data. Student engagement data was obtained from the transactional distance
questions, while outcomes data was obtained from Zhang’s three outcome questions. Table
1 indicates the total enrollments in each of the classroom types during the five semesters as
well as the response rates obtained.

Table 1. Enrollment and response information by classroom type.

PBL FLAT STADIUM

Responses 33 76 48
Enrollment 37 97 58
Response % 89% 78% 83%
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3. Results

Several researchers have shown that the three outcome measures are significantly
correlated [24,31,32]. We obtained the bivariate correlations to determine whether this was
the case for our data as well. The results are presented in Table 2.

Table 2. Bivariate correlations for Zhang’s learning outcomes.

LEARNING PROGRESS SATISFACTION

LEARING
Pearson Correlation 1 0.734 ** 0.816 **

Sig. (2-tailed) 0.000 0.000
N 157 157 157

PROGRESS
Pearson Correlation 0.734 ** 1 0.697 **

Sig. (2-tailed) 0.000 0.000
N 157 157 157

SATISFACTION
Pearson Correlation 0.816 ** 0.697 ** 1

Sig. (2-tailed) 0.000 0.000
N 157 157 157

**: Correlation is significant at the 0.01 level (2-tailed).

The bivariate correlations shown in Table 2 are statistically significant (p < 0.001)
and their Pearson Correlation Coefficients are 0.695 or higher. As done in several other
studies [23,24,30], we have elected SATISFACTION as the representative outcome in the
rest of our analyses.

Table 3 exhibits the group statistics for the data obtained from the scale of transactional
distance surveys.

Table 3. Group statistics for the scale of transactional distance data.

PBL FLAT STADIUM

Mean Std. Dev. Mean Std. Dev. Mean Std. Dev.

TDSS 4.313 0.627 4.134 0.690 3.688 1.137
TDSC 3.914 0.581 3.958 0.720 3.778 0.896
TDST 4.350 0.674 4.406 0.583 4.172 0.836

TDSTECH 3.841 0.579 3.814 0.638 3.703 0.738
SATISFACTION 4.303 1.045 4.316 1.086 3.813 1.315

N 33 76 48

Figure 6 shows a radar graph comparing the means of the engagement factors and the
outcome variable SATISFACTION for the three types of classrooms tested. The vertical
axis shows the outcome variable SATISFACTION and each of the other four axes represent
an engagement factor. The Likert scale in the scale of transactional distance was defined
so that the greater the transactional distance, the better the engagement and outcomes.
Although opposite to the traditional definition that a “big” distance is bad, we found that
respondents were less confused filling out a survey in which big was associated with better.
Thus, it appears as though the data indicates that the stadium classroom is not as good
as either of the other two on all student engagement factors or outcome. To draw any
conclusions from this data, we must test the statistical significance of the differences shown
on the radar diagram.
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Figure 6. Radar diagram of mean SATISFACTION and engagement factors by classroom type.

3.1. Testing Research Hypothesis 1

Figure 7 shows pictures of the actual PBL and flat classroom used by our students
when they completed the scale of transactional distance survey.

 
Figure 7. Pictures of Flat and PBL classrooms used in this research.

The results of analyzing that data with an independent-samples t-test are given in
Table 4. Levene’s Test for Equality of Variances was not rejected for any of the engagement
factors or SATISFACTION, so the significance levels for the tests are drawn from the
“Equal variances assumed” rows of the table. The results of the t-test for equality of means
support H10, indicating that there was no reason to believe that there were any statistically
significant differences in student engagement (transactional distances) or SATISFACTION
between the PBL and the flat classroom.
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Table 4. Independent-samples t-test for PBL vs. flat classroom.

Levene’s Test for Equality of Variances t-Test for Equality of Means

F Sig. t df
Sig.

(2-Tailed)
Mean

Difference
Std. Error
Difference

TDSS Equal variances
assumed 0.034 0.854 1.281 107 0.203 0.179 0.140

TDSC Equal variances
assumed 0.762 0.385 –0.311 107 0.756 –0.044 0.142

TDST Equal variances
assumed 0.321 0.572 –0.444 107 0.658 –0.057 0.127

TDSTECH Equal variances
assumed 0.005 0.942 0.207 107 0.837 0.027 0.129

SATISFACTION Equal variances
assumed 0.022 0.883 –0.057 107 0.955 –0.013 0.224

3.2. Testing Research Hypothesis 2

Figure 8 shows pictures of the actual stadium and PBL classrooms used by our students
when they completed the scale of transactional distance survey.

 
Figure 8. Pictures of stadium and PBL classrooms used in this research.

The results of analyzing that data with an independent-samples t-test are given in
Table 5. The result of Levene’s Test for Equality of variances indicated that equality of
variances could not be assumed for TDSS, TDSC, and TDSTECH. Thus, the significance
levels of the tests for these factors had to be obtained from the “Equal variances not
assumed” rows of the table.

The results of the t-tests indicated that there was a significant difference between the
transactional distance between student and student in the two rooms (p < 0.002). There was
also a marginal statistical difference in SATISFACTION between the two rooms (p < 0.078).
Thus, H20 is not supported for TDST or for SATISFACTION at a level of significance of
0.078.
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Table 5. Independent-samples t-test for PBL vs. stadium classrooms.

Levene’s Test for Equality of Variances t-Test for Equality of Means

F Sig. t df
Sig.

(2-tailed)
Mean

Difference
Std. Error
Difference

TDSS
Equal variances

assumed 12.685 0.001 2.871 79 0.005 0.626 0.218

Equal variances not
assumed 3.174 75.967 0.002 0.626 0.197

TDSC
Equal variances

assumed 7.371 0.008 0.766 79 0.446 0.136 0.177

Equal variances not
assumed 0.827 78.780 0.411 0.136 0.164

TDST Equal variances
assumed 2.535 0.115 1.013 79 0.314 0.178 0.175

TDSTECH
Equal variances

assumed 5.555 0.021 0.898 79 0.372 0.138 0.153

Equal variances not
assumed 0.939 77.549 0.350 0.138 0.147

SATISFACTION Equal variances
assumed 3.213 0.077 1.788 79 0.078 0.491 0.274

3.3. Testing Research Hypotheses 3

Figure 9 shows pictures of the actual stadium and flat classrooms used by our students
when they completed the scale of transactional distance survey.

 
Figure 9. Pictures of flat and stadium classrooms used in this research.

The results of analyzing that data with an independent-samples t-test are given in
Table 6. The result of Levene’s Test for Equality of Variances indicated that equality of
variances could not be assumed for any of the factors or the outcome data. Thus, the
significance levels of the tests for these all these had to be obtained from the “Equal
variances not assumed” rows of the table.

The results of the t-tests indicated that there was a significant difference between the
transactional distance between student and student in the two rooms (p < 0.017) as well as
between SATISFACTION between the two rooms (p < 0.029). There also was a marginal
statistical difference in TDST between the two rooms. Thus, H20 is not supported for TDSS
and SATISFACTION nor for TDST at a significance level of 0.094.

52



Educ. Sci. 2021, 11, 292

Table 6. Independent-samples t-test for flat vs. stadium classrooms.

Levene’s Test for Equality of Variances t-Test for Equality of Means

F Sig. t df
Sig.

(2-tailed)
Mean

Difference
Std. Error
Difference

TDSS
Equal variances

assumed 18.323 0.000 2.723 122 0.007 0.446 0.164

Equal variances not
assumed 2.450 69.043 0.017 0.446 0.182

TDSC
Equal variances

assumed 4.673 0.033 1.231 122 0.221 0.180 0.146

Equal variances not
assumed 1.172 84.378 0.244 0.180 0.153

TDST
Equal variances

assumed 7.933 0.006 1.837 122 0.069 0.234 0.127

Equal variances not
assumed 1.697 75.795 0.094 0.234 0.138

TDSTECH
Equal variances

assumed 5.469 0.021 0.888 122 0.376 0.111 0.125

Equal variances not
assumed 0.859 89.328 0.393 0.111 0.129

SATISFACTION
Equal variances

assumed 4.001 0.048 2.314 122 0.022 0.503 0.217

Equal variances not
assumed 2.217 86.161 0.029 0.503 0.227

3.4. Research Hypothesis 4

Stepwise multiple regression was used to test Research Hypothesis 4. The dependent
variable was SATISFACTION, and the independent variables were TDSS, TDSC, TDST, TD-
STECH, STADIUM and FLAT. The last two are indicator variables to account for classroom
type. Note that PBL is the base case so that when the two indicator variables are zero, the
data correspond to teaching in a PBL room.

Table 7 exhibits the results of the stepwise multiple regression. The robust regression
equation is given by:

SATISFACTION = 0.601 ∗ TDSC + 0.452 ∗ TDSS + 0.285 ∗ TDST

Table 7. Stepwise multiple regression results with SATISFACTION as the dependent variable.

Step 1 Step 2 Step 3

b Std.
error B t b Std.

error B t b Std.
error B t VIF

TDSC 1.095 0.088 0.705 12.388 * 0.653 0.118 0.420 5.539 * 0.601 0.117 0.387 5.153 * 2.129
TDSS 0.531 0.102 0.396 5.214 * 0.452 0.104 0.336 4.357 * 2.245
TDST 0.285 0.101 0.168 2.809 ** 1.355

R 0.705 0.757 0.771
R2 0.498 0.573 0.594
F 153.485 * 103.305 * 74.180 *

df-regression 1 2 3
df-residual 155 154 153

Note: * p < 0.000; ** p < 0.006.

The predictor variables are significant as indicated by the note at the bottom of the
table. The regression equation accounts for 59.4% of the variance and is significant. The VIF
values give no indication of multicollinearity. Classroom type is not a significant predictor
of SATISFACTION and, because of their significant bivariate correlations with each other,
neither are LEARNING or PROGRESS. Thus, H40 is not supported.
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4. Discussion

Table 8 summarizes the significant results from testing research hypotheses 1–3 and
indicates how the three classroom types that were used for flipped learning compared in
terms of student engagement (measured by the four transactional distance factors) and
outcomes.

Table 8. Summary significance levels for hypotheses tests.

PBL and Flat
Stadium and

PBL
Stadium and

Flat

RH 1 RH 2 RH 3

Engagement

TDSS - 0.002 0.017
TDSC - - -
TDST - - 0.094

TDSTECH - - -

Outcomes SATISFACTION - 0.078 0.029
Note: p > 0.1000 is indicated by “-”.

To make sense of this data, we have copied the measurements on the TDSS, TDST, and
satisfaction axes, showing the actual transactional distance scores, from the radar graph
(Figure 5) and shown them in Figure 10. TDSC (student-to-content) and TDSTECH (student-
to-technology) were not included in Figure 10 since they had no significant differences for
any of the comparisons. For TDSC, this was not surprising since the content is delivered
identically, via the LMS, to all students who must learn it outside of class, as required for
flipped classes. We were surprised that the additional technology (TDSTECH) of the PBL
room seems not to have mattered to the students: file-sharing is just easy on their portable
computing devices, no matter what the classroom type.

Figure 10. Comparison of classroom layouts.

Regarding Figure 10, beginning with SATISFACTION, both the flat and the PBL
rooms were statistically different from the stadium room. On the graph, the PBL and flat
bars both extend to the right, which is why they have no significant differences between
them, while both show significant differences from the stadium classroom. If this were
a lecture-based class, this result would have been surprising, since a stadium (or tiered)
classroom is designed for lecturing. As previously noted, a stadium classroom is not likely
the best design for a “flipped” class, and this appears to be reflected in the SATIFACTION
data. The fixed desktops and chairs were simply awkward for the students working in

54



Educ. Sci. 2021, 11, 292

groups and equally awkward for the instructor when trying to squeeze between the rows
to work with the groups, explaining details of the material or helping them get back on
track to solve the problem. That kind of interaction is exactly what the PBL classroom
was designed to facilitate, so it is rather surprising that the flat classroom garnered just
as good SATISFACTION numbers. Provided the students were able to work together
effectively, they appear to be equally satisfied whether in the high-tech PBL room or simply
rearranging the desks in a flat classroom. As noted earlier, the scale of transactional distance
has three auto-correlated outcomes represented by SATISFACTION, so similar result would
have been obtained if LEARNING or PROGRESS had been used instead.

Considering student engagement with other students, both PBL and flat classrooms
had statistically better (0.002 for PBL and 0.017 for flat) results for student-to-student (TDSS)
interactions than the stadium classroom. Again, this can be attributed to the classes being
flipped. In flipped classes, class time is devoted to interactive group learning, requiring
real time, face-to-face communication. The tiered classroom simply does not meet the
needs of the students, presenting a barrier to their ability to interact with one another, as
shown in the transactional distance of the PBL and flat TDSS (4.313 and 4.134, respectively)
scores from the stadium TDSS score (3.688). More surprising was the lack of significant
difference between the PBL and flat classrooms. It would seem that the technology and
pod arrangement were not as important as simply the ability to see one another (when the
desks were rearranged into groups) and the ability to share files on their laptops. With the
focus of the classroom time on solving a problem, the special advantages of the PBL room
may have been lost in the student’s concentration on the work to be done.

The final statistically different result was for the engagement of students with the
instructor (TDST), where the flat classroom is significantly greater (p < 0.094) than the
stadium classroom. Flipped classes require that the instructor be a learning coach and
consultant to teams and individuals. This requires the instructor to move from one group
to another. Such movement is easier in the flat room because the instructor can walk from
one team to another without physical barriers. In a stadium room student teams are at
various levels and it is awkward for the instructor to move from one level to the next
because it requires exiting one row, moving to a different tier, and then moving across the
row where the team requiring attention is located. Further, the instructor is either standing
before a group of six students spread out in a row or standing in the middle of the group
split between two rows. In either setting, approximately half of the group would have a
difficult time seeing what the instructor was demonstrating.

Given that flat classrooms were statistically superior to stadium classrooms on the
TDST score, it was almost unbelievable that the PBL classrooms were not. In both cases,
the instructor stands at one edge of the group, so it would seem, at first glance, that the
two were identical, but the students perceived a difference. Somehow, the physical barriers
of the stadium layout equate to other barriers in the PBL layout, perhaps that the students
face a wall (screen) in the PBL room rather than the instructor. In the PBL rooms, the groups
are located along the walls, with an open area in the center of the room. In a flat classroom,
the students invariably grouped the desks toward the center of the room rather than along
the walls, so the instructor could literally turn around and be talking to another group. For
that matter, it was not unusual for one group to “listen in” while the instructor was talking
to a near-by group, thus gaining information before the instructor addressed that group.
Perhaps it was simply the informality of the hastily rearranged flat classroom that made
the students more comfortable, but clearly the PBL rooms gained no advantage over the
flat classrooms in terms of students interacting to solve a problem.

The most unexpected result of our research is that there was no significant difference
in student engagement or outcomes between the PBL and flat rooms. An entire book was
devoted to reconceptualizing learning spaces to facilitate active, social, and experiential
learning [16] and many institutions are redesigning classrooms to facilitate active learning
despite substantial costs [14]. Yet, we found no evidence beyond this research that anyone
has made such a decision based on data that proves that the investment in such classrooms
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can be justified in terms of improving student engagement or outcomes. Our results indicate
that providing students with the ability to rearrange a flat classroom to face each other
provided similar engagement and satisfaction as an expensive classroom reconfiguration.
In short, while the technology (and luxury) of PBL classrooms is impressive to donors,
visitors, and prospective students and their parents, students in this study find that they
can do just as well without it.

Another indirect measure of student satisfaction is their willingness to recommend
the course to other students. That question was included in the questionnaire and Table 9
shows both the number of students and percentage for the three classrooms. These results
reflected our statistical results. Similar percentage of students would recommend the
class taught in the PBL and flat classrooms to their friends while a much lower numerical
percentage would recommend the same course taught in the stadium room to their friends.

Table 9. Responses to “Would you recommend this class to another student?”

PBL FLAT STADIUM

YES 28 85% 63 83% 30 63%
NO 5 15% 13 17% 18 38%

TOTAL 33 76 48

With the decline in on-campus enrollments [33], campuses are under pressure to
use every possible marketing strategy to attract students [34]. Undoubtedly, therefore,
impressive physical facilities, including classrooms, will continue to be built. Ideally, such
classrooms will not only involve form, but also function. Thus, the question becomes one
of how to predict student satisfaction for a classroom before it is built, so that the investment
decision can include costs as well as benefits/drawbacks to students. Research Hypothesis
4 was developed to answer this question and provided the robust prediction equation
developed earlier:

SATISFACTION = 0.601 ∗ TDSC + 0.452 ∗ TDSS + 0.285 ∗ TDST

It indicates that the classroom type is not a predictor of student satisfaction. What
determines satisfaction is dictated by how well the classroom facilitates students learning
the material (TDSC), by how well students can engage with each other in the classroom
(TDSS), and by how well students can engage with the instructor in the classroom (TDSC).
The fact that classroom type is not a predictor in the equation indicates that our data shows
that neither classroom design has accomplished this any better than the others Thus, for this
study, no classroom type is inherently better than another to produce student satisfaction
(and the related outcomes).

We propose that the robust prediction model be used to evaluate alternate designs for
future PBL room. Alternate PBL classroom design plans can be presented, one at a time,
to a focus group consisting of classroom users. These alternate plans can be traditional
plans and architectural renderings, but preferably they would consist of virtual reality
models [25,35] that would allow users to experience the classroom as though it were already
built. Based upon their experience and interaction with the PBL classroom design team,
the focus groups members would be asked to complete the scale of transactional distance
survey for each of the PBL design alternatives from which the TDSC, TDSS, and TDST
could be calculated and used as input to the robust prediction model. This would yield a
predicted measure of SATISFACTION for each design.

We recognize that many considerations must go into the selection of a best PBL
classroom design. We posit that the impact of such a design on student engagement and
satisfaction must be a primary consideration. Heretofore, it appears as though PBL rooms
have been built on the presumption that they will improve student outcomes. This research
presents a methodology that will allow the presumption to be tested before scarce resources
are invested.
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5. Conclusions

Our university, like several others, has invested hundreds of thousands of dollars in
transforming traditional flat classrooms to PBL rooms and is currently gathering inputs on
new technology and furniture requirements for consideration in the planning for the next
generation of PBL rooms. Our results indicating that these expenditures may not have been
necessary to achieve student engagement and outcome improvement are enlightening.
However, as often is the case, aesthetics does not guarantee functionality.

We attribute some of our findings to the increased portability and capability of com-
puting devices. Today’s smart phones and tablets make it extremely easy for students to
pass around their devices to classmates. When the first generation of PBL rooms were
constructed, great attention was given to facilitating the sharing of information within
and between groups. At the time, sharing of devices was cumbersome at best, hence
relying on projecting information on large screens seemed the best alternative. Our results
suggest that it may no longer be necessary to invest in multiple workstations, each having
a networked PC and large screen for problem-based learning.

There is no doubt that the PBL rooms are a great marketing and advancement tool.
Every open house conducted by our College and University conducts tours of campus
and the PBL rooms have a great WOW! factor associated them. They impress students
and parents and do influence and steer students to consider our university as their choice.
These rooms are also a favorite stopping point for the Dean to extoll our commitment to
student learning to potential donors. To that end, every door to the PBL room serves as a
window and it is common to see the Dean showing a potential donor a PBL room in action.
The challenge is to find problem-based learning rooms that will serve the dual purpose
of showing our commitment to student learning while simultaneously delivering on that
promise.

6. Further Research

This research was motivated by the growing number of institutions, including ours,
that have or are contemplating investing in special purpose classrooms dedicated to
collaborative learning. We have dubbed these as problem-based learning (PBL) rooms.

The investments required are substantial—our institution has spent US $190,000 each
to convert several traditional classrooms to PBL rooms. While the costs were clear, the
benefits of doing so were, to the best of our knowledge, intuitive. It was assumed that
outfitting classrooms with tables and chairs on wheels would facilitate collaboration and
that networked computers with large display screens would facilitate student interaction
with each other as they collaborated on solving problems.

While the above reasoning appealed to almost everyone’s intuition, there was no data
to support the intuition. Did PBL rooms do a better job of engaging students and did they
lead to better outcomes than other types of classrooms that might already be available?

We measured student engagement and outcomes in three different types of classrooms:
stadium, flat and PBL. The same course was taught by the same instructor using flipped
learning. Flipped learning required collaboration when the course met in a classroom. We
used the scale of transactional distance to measure student engagement and outcomes in
each of the classroom. Our results indicated that there was no significant difference in
student engagement and outcome between the PBL rooms and the flat classrooms. Hence,
from a student perspective, the investment in PBL rooms was not justifiable since students
taking the course in traditional flat rooms were just as engaged and had similar outcomes.

Our results were for a specific type of pedagogy (flipped) and a specific business
course, Business Analytics, a quantitative course requiring students to use computer
models to solve problems. Thus, the results may not be transferrable to other types of
collaborative learning or other types of disciplines. Research is required for alternative
disciplines and collaboration modes to determine whether our results can be generalized.

However, our methodology is not dependent on subject matter or collaboration mode.
It can be used to determine student engagement and outcomes in any subject, collaboration
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mode and/or classroom type. We tested the methodology on a specific flipped course
in existent classrooms. Our results did make sense in identifying the stadium room as
yielding the least student satisfaction and outcomes amongst the three types of classroom
tested. This result that was confirmed by the much smaller number of students that would
recommend the course to their friend when taught in a stadium room than if were taught
in a PBL or flat classroom.

The purpose of our research was to provide a quantitative measure of student engage-
ment and outcomes to decision makers before a decision was made to invest in a specific
PBL room design. Our research has developed a tool that can compare actual classrooms
based on student engagement and outcomes. Research is required on whether stakeholders
confronted at the planning stage with several alternate classroom designs can evaluate
such designs, preferably as virtual reality models, by completing the scale of transactional
distance for each in order to provide decision makers with a measure of how each design
would generate student engagement and outcomes and use this as part of their design
selection criteria.
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Appendix A

Table A1. Scale of Transactional Distance.

FACTOR Element Description/Question

TDST

Transactional Distance between Student and Instructor
tdsi1 The instructor generally answers the student’s questions
tdsi2 The instructor pays no attention to me
tdsi3 I receive prompt feedback from the instructor on my academic performance
tdsi4 The instructor was helpful to me
tdsi5 The instructors is available to answer my questions
tdsi6 The instructor can be turned to when I need help in the course

TDSC

Transactional Distance between Student and Content
tdsc1 The content of this course is of great interest to me
tdsc2 I do not know why I have to learn this
tdsc3 The examinations in this course have challenged me to do my best work

tdsc4 This course emphasized SYNTHESIZING and organizing ideas, information, or experiences
into new, more complex interpretations and relationships

tdsc5
This course emphasized MAKING JUDGEMENTS about the value of information, arguments,
or methods such as examining how others gathered and incorporated data and assessing the

soundness of their conclusions

tdsc6 This course emphasized APPLYING theories and concepts to practical problems or in new
situations
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Table A1. Cont.

FACTOR Element Description/Question

TDSS

Transactional Distance between Student and Student
tdss1 I learned a lot from observing the interactions among the students
tdss2 The students in this online class challenged me to do my best work
tdss3 I get along well with my classmates
tdss4 I feel valued by the class members in this online class
tdss5 My classmates in this online class value my ideas and opinions very highly
tdss6 My classmates respect me in this online class
tdss7 I am good at working with the other students in this online class
tdss8 I feel a sense of kindred spirit with my fellow classmates
tdss9 The class members can be turned to when I need help in the course
tdss10 There are students I can turn to in this online class
tdss11 The class members are supportive of my ability to make my own decisions

TDSTECH

Transactional Distance between Student and Instructional Technology
tdstech1 It is difficult to pay attention to the instructor in the web environment
tdstech2 I have adequate access to the web resources I need
tdstech3 The fact that I am online does not inhibit my class participation
tdstech4 An efficient system is provided for students and instructor to exchange materials
tdstech5 I am comfortable using the computer
tdstech6 I hate using the web
tdstech7 It was easy for me to use the technology involved with this online class
tdstech8 The technology used in this course is difficult to learn and use

Zhang’s Outcomes
LEARNING I have learned a great deal in this class

GOALS I have made tremendous progress towards my goal in the subject area of this course
SATISFACTION Overall, I am satisfied with this course
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Abstract: Quality is currently an often-used term in all areas of human activity. However, the
measurement of quality is very problematic in the field of education, particularly if no specific,
comprehensible criteria for its measurement, accepted by most subjects active in the specific sector,
exist. Monitoring quality in the field of education is difficult because there is no long-term embedded
quality standard and the established level can be affected not only by the selection of the chosen
criteria for measurement, but also by determining specific weights when comparing the importance of
the chosen criteria. The authors of this paper endeavour to point out one way of assessing the quality
of publicly established universities in the Czech Republic during the academic years 2011/2012
and 2018/2019 on a basic sample of all 26 publicly established universities. The quality of the
pedagogic apparatus and the converted number of students indicate that the classification of schools
into categories according to the Ministry of Education, Youth, and Sports of the Czech Republic
(MEYS) is possible, but the individual categories should be discussed and modified according to the
assessment performed.

Keywords: education; quality; universities; Czech Republic

1. Introduction

The education sector is one of the most important public sectors and is included in
the development services sector within the terms of the national economy and also among
nonprofit organisations. A common trait of nonprofit organisations is that they are not
primarily established for the purpose of generating a profit (even though they may report
a profit), but for the purpose of providing services to broad sections of the public, and
are mostly financed from public budgets. According to the Czech Statistical Institute,
the greatest number of nonprofit organisations in the Czech Republic are registered in
the spheres of education, culture, or social services. Their objective is to encourage the
economic growth of the country, maintain and cultivate human potential, and provide
high-quality services to the population.

However, the quality of services is very difficult to measure, particularly in a non-
market environment and with the missing prerequisite of economic or other measurable
outputs (inputs can be measured). The term “quality” is most often used to identify
something that is optimal, desirable, or ideal, or meets a specific standard. Monitoring
quality (not just of tuition) is generally considered relevant from the viewpoint of the top
management of an organisation and also from the viewpoint of its founder or providers of
funds (donors). Quality is of interest not only to consumers of services (pupils, students,
and their parents), but the outputs should also be important to pedagogues (particularly
teachers), employers, and politicians, whose steps decide on the state’s educational pol-
icy in the long-term horizon and who should strive to require, guarantee, support, and
increase the quality of tuition. This itself assumes that a standard (assessment reference
framework) will be defined and observed in the long term, with measures implemented
leading to remediation in the event of an undesirable (negative) finding. The quality of
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services provided by individual organisations, public universities in the Czech Republic
(hereinafter “PU”), can therefore be evaluated on the basis of various criteria.

The organisations assessed below, all active in the sphere of public university educa-
tion in the Czech Republic, can provide purely public assets, mixed, and purely private
assets. It is therefore natural that the costs for education, which can differ not only due to
the long-term economic situation of the country (GDP), but also, for example, due to the
historical development of the educational system of the specific country, are understood in
terms of an international comparison.

The objective of this paper is to measure the quality of the pedagogic process during
the provision of services at publicly established universities in the Czech Republic during
the academic year 2011/2012, and to assess any changes in this field in the academic year
2018/2019. For the purposes of fulfilling the set objective, the submitted paper is structured
as follows. Section 2 discusses quality, its perception in the educational process, and the
approaches to its measurement. Section 3 focuses on presenting tertiary education in
the Czech Republic and the method of its financing as the sector on which the executed
research focuses. Section 4 defines the objective, the research hypotheses, the basic group
of monitored quality indicators, and the method of their verification. Section 5 is devoted
to the results of our own research, i.e., the assessment of quality. Section 6 contains a
discussion of the results in the context of local conditions.

2. Quality and Its Measurement

The concept of quality is often used in a number of sectors. The answer to the question
of “what is quality?” is very problematic, because, in order to be able to state that something
is of high quality, there must be agreement on what the minimum acknowledged standard
in the assessed area is. Economists most often imagine an effective expenditure of funds
under the term of quality, or consider the price of goods or services in relation to the
performance. A problem arises in situations when assets and services are provided with
no link to the actual market price (for instance, compulsory school attendance), or the
provider of the service does not conduct its activities on a profit-generating principle. The
additional terms productivity, economy, and efficiency can therefore also be encountered
in relation to the concept of quality.

Terhart [1] states that the concept of quality is used chiefly formally, for the purpose
of introducing a difference. As a formal category, it allows for a differentiation between
the less valuable and the more valuable. In order to understand how valuable things are,
the concept of quality must be given content. In other words, the definition of quality is
not an issue of the gathering of quantitative evidence as such; according to Terhart [1], it
essentially consists in finding and justifying the content criteria. Fend [2] states that the
concept of “high quality” fulfils the function of an assessment concept, i.e., objectivising
the value or a general quality of some item. The term “excellence” is proposed in the effort
to name a level of quality that is higher than high.

2.1. Perception of Quality in the Educational Process

The first research, the objective of which was to establish the cause of a pedagogue’s
success in teaching, was carried out roughly from the middle of the 20th century. Within
the terms of research, psychometric methods were used to investigate so-called personality
paradigms (research on teacher personality), i.e., which personality traits of a pedagogue
had a positive impact on pupils and students and their performance. The research indicated
that an enthusiastic and open teacher motivated pupils to learn more and perform better
than a teacher who did not have these traits.
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The concept of the quality of tuition began to appear in the literature in the 1960s,
particularly thanks to the works of Caroll [3] and Bloom [4]. Einsiedler [5] states that
there has been an effort to compensate for the bias of the approach by focusing only on
the quantity of tuition, by devoting attention to the characteristics (of quality), such as
the comprehensibility, structuring, and cohesion of tuition, in the background of Carroll’s
and Bloom’s models. Caroll [3] worked with the factors of time needed to learn and time
available to learn. The lower the quality of tuition, the more time the pupil needs to
learn. In his concept of tuition and its quality, Bloom [4] took into consideration not only
the cognitive performance of pupils, but also the motivational and affective objectives
(interests, standpoints, motivation, and self-perception). Quality can be defined variously,
even within the terms of the teaching process or the assessed teaching level (primary,
secondary, or university). Harvey and Green [6] provided a definition of quality in their
work, for instance. Research examining the relationship between the teacher’s behaviour
and the performance/results of pupils is presented, for example, by [7–9].

Janík [10] states that addressing the topic of quality in education requires courage.
A discussion about what is qualitatively good cannot avoid the themes of what is not
qualitatively good. In other words, a discussion about quality will only make sense if it
also includes a discussion of poor quality, or the standard on which there is a consensus.
Weinert et al. [11] stated that the quality of tuition can be defined like “any stable mode
of behaviour, which enables substantial prediction as a whole or by means of individual
components.” According to Martensson et al. [12], good (high-quality) tuition is considered
to be tuition that leads to excellent learning results on the part of the student.

Rýdl [13] points out that the concept of quality in education is subjective, often defined
by immeasurable and vague phenomena as compared to existing standard quantitative
methodological procedures. Starý and Chvál [14] stated that the formula “emphasis must be
placed on the quality of tuition” often appears within the terms of the educational process,
which applies to the high quality of tuition—as defined, for example, by Průcha [15]. In
this regard, Janík [10] stated that quantitative and qualitative methodologists clash on an
academic level, with regard to the orientation towards hard versus soft indicators when
measuring the quality of education.

2.2. Approaches to and Measuring Quality in the Educational Process

Terhart [1] stated that a school that supports normative designations, implements
these in its programme, and fulfils them in its work is considered a “good school.” The
normative approach to the definition of quality consists in determining and justifying the
roles of education, as an institution in society. During this time, decisions are made about
what effects of education can be considered an expression of higher quality.

On the contrary, the analytical approach is based on an examination of the various
concepts of quality and their use in discussions about education. This is about deriving
the perception of the quality of education from an analysis of discourse about a specific
period or a specific (governing) educational culture or tradition. The analytical approach
can be seen, for instance, in the works of Harvey and Green [6], who defined five different
but mutually related concepts of quality on the basis of an analysis of the methods of
perceiving quality:

• quality as uniqueness,
• quality as flawlessness,
• quality as effectiveness,
• quality as an adequate countervalue, and
• quality as transformation.

The work of Jürgens [16], who analysed discussions of reform pedagogy in the context
of the quality of education, can serve as another example. Pupala [17] stated that it is very
difficult to come to a unified understanding of the concept of quality in education, because
various actors define quality differently.
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Another way to assess quality is by means of an empirical approach, where attention
is focused on the actual impact of educational institutions, which is placed into context
through their official roles. Mincer [18] stated that this approach can be applied, for
example, when measuring the unemployment rate of university graduates. The empirical
approach focuses on proposed goals, available resources, programmes used, and effects
achieved. On the basis of the above, it is possible to determine the relationship between
costs and revenue and to approximate the economic perception of the concept of quality as
closely as possible. An example of research that allows for the differentiation of effective
schools from less effective schools on this basis is TIMSS research. TIMSS (Trends in
International Mathematics and Science Study) research is organised by the International
Association for the Evaluation of Achievement and focuses on evaluating the knowledge
and skills of pupils in various types of school in terms of mathematics and natural sciences.

On the contrary, PISA (Programme for International Student Assessment) research is
an expression of the determination of OECD (Organisation for Economic Co-Operation and
Development) countries to monitor outputs from the educational systems of individual
countries in terms of an international comparison, on the basis of measuring the educational
results of pupils. This research focuses on the reading, mathematical, and natural science
literacy of 15-year-old pupils, usually at the end of their compulsory school attendance.

There are a number of studies devoted to the issue of the quality of educational
institutions: for instance [2,10,19–27].

3. Key Parameters of Education in the Czech Republic

In the Czech Republic, education is a public asset with collective consumption, which
has positive social benefits. It is a preferred public asset, in whose consumption the state
is interested. This is usually evidenced by the greater expenditure of funds from public
sources in proportion to the GDP of the country. A 2016 OECD study that maps the state of
education in the most advanced countries in the world (OECD countries) indicates that the
Czech Republic expends an average of approx. 3–4% of its GDP on the field of education
in the long term (Table 1).

Table 1. Budget of the Ministry of Education, Youth, and Sports of the Czech Republic in 2010–2020.

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

TR 2.01 6.15 1.51 1.78 1.23 7.18 8.11 8.64 7.19 10.15 12.28
TE 125.2 127.0 137.8 140.4 137.3 135.9 142.3 156.5 176.1 205.7 226.4
SH 3.34 3.33 3.53 3.62 3.45 2.86 2.88 3.03 3.18 3.50 3.87

TR—Total revenue (in billion CZK), TE—Total expenditure (in billion CZK), SH—Share of MEYS chapter expendi-
tures in GDP (%).

The average expenditure on education of all OECD countries is 5.2% of the GDP. The
proportion of public and private funds invested into the educational system differs in
individual countries, but public funds usually predominate and account for, on average,
83% of total expenditure on education in OECD countries. This percentage is reported as
87% in the Czech Republic.

Expenditure in the field of education is, on average, 11.6% of all public expenditure in
OECD countries. At 8.9%, the Czech Republic is similar to countries such as Hungary, Italy,
and Spain in this area and these also reported values of around 8%. In the past three years,
the percentage of expenditure on education has increased, which is the result of more funds
being funnelled into wages, particularly in regional education. Regional education in the
Czech Republic consists of pre-primary, primary, and secondary level education according
to the ISCED, on which a total of CZK 161.5 billion was expended in 2020. The decision
to fund individual levels of the educational system differs in various countries and is the
result of a political decision.
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3.1. Funding of Tertiary Education in the Czech Republic

In the Czech Republic, education on a tertiary level at public and publicly established
universities is funded from multiple sources and is free for the time being. The main
sources of funding of public universities, which are established on the basis of specific laws,
include subsidies from the budget of the Ministry of Education, Youth and Sports of the
Czech Republic for activities, funds from scientific research activities, funds from various
European funds, and own sources from business activities and donations. Financing from
EU funds is also among the sources of funding.

Of the annual volume of approx. CZK 225 billion expended from the budget of the
Ministry of Education, Youth, and Sports of the Czech Republic on education in 2020, 21.2%
of expenses (a total of CZK 48.4 billion) was expended in the field of tertiary education; of
this, CZK 21 billion went into the field of research, development, and innovation (approx.
CZK 7.1 billion from programmes cofunded by the EU) and CZK 27.4 billion was for
funding university education, particularly 26 publicly established universities, which are
compared below in terms of the aforementioned quality of pedagogic and scientific workers
(see Figure 1).

Figure 1. Structure of expenditure by the Ministry of Education, Youth, and Sports of the Czech
Republic in 2010 and 2020.

3.2. The Quality of Tertiary Education in the Czech Republic

There are various approaches to the assessment of the quality of university institutions
in the available specialist literature. Bloch et al. [28] stated that the concept of “quality” of
university education can also be encountered in a number of political declarations, which
do not necessarily have to be related to the provision of high-quality performance and
measurable outputs on the part of providers of education, i.e., individual universities. The
study by Mulder et al. [29] states that the assessment of the work of pedagogues and their
students leads to an improvement of the quality of education. Berezvai et al. [30] stated
that a better rating of students by pedagogues subsequently leads to a better rating of
pedagogues by students. Stewart [31] assessed the influence of the professional growth of
university pedagogues on the teaching process. The authors of this paper approach the
assessment of public universities below in a similar spirit.

Černikovský [32] stated that there is no wide-ranging agreement on what the qual-
ity of universities means or should mean. Various actors work with various concepts of
quality, often not reflected on more deeply and also mutually exclusive in many aspects.
The authors of this paper approach the differentiation of the “quality” of university edu-
cation in the Czech Republic according to the areas of pedagogy, scientific research, and
accreditation activities.

Standards of quality within the terms of accreditation activities were established in
university education in the Czech Republic in the 1990s, when the accreditation of study
programmes was officially implemented on the basis of University Act No. 111/1998 Sb.
The act established a national agency with the title of “Accreditation Committee”, which
was granted the competence and authority to grant accreditation for all levels of univer-
sity studies, including the granting of rights to carry out rehabilitation and professorial
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proceedings and their subsequent qualitative assessment. Cardoso et al. [33] questioned
whether national agencies, which require a specific standard of “quality” for accreditation
of university education in Europe, are actually capable of promoting an increase in the
quality of education and stated that this remains an open question for discussion.

The competence of the Accreditation Committee in the Czech Republic was assumed
by the “National Accreditation Office” [34] in 2016, on the basis of an amendment of the
University Act. This organisation also newly discusses the granting of so-called institutional
accreditation. On the basis of this accreditation, the university can subsequently approve
new accreditations within the terms of the institution, on the basis of an established
“Committee for internal assessment,” for a period of 10 years, as well as changes to the
accreditation that has already been granted. In this area, we can state that a number of
set criteria are given vaguely and interpreted and assessed variously when executing
accreditation files. The monitoring and reporting of some indicators is also difficult to
understand, and universities consider this unnecessarily demanding from the point of view
of the administrator. Tesar [35] stated that not enough research has been carried out yet in
order to be able to state that the accreditation system itself will lead to increased quality.

However, according to the authors, the greatest problem with assessing “quality” at
universities is in the field of assessing pedagogic activities. It would be desirable to focus
more attention on these activities on the level of the management of individual universities
and on a national level. The result could and should be a more objective assessment of
academic and scientific workers at individual universities, which could be followed by
a differentiated remuneration of such “quality” tuition executed by the specific workers.
Kember [36] stated that many academics chiefly consider themselves specialists in their
discipline, and it is difficult to convince them to try innovative forms of tuition. This should
lead to a greater involvement of students in tuition, as confirmed by existing evidence
about the higher efficacy of some new forms of tuition on learning [37].

In the field of scientific research (generally creative) activities, a detailed methodology
for assessing “quality” has been created for pedagogic and scientific workers in the Czech
Republic, which is constantly updated by the management of universities and also national
authorities (including quantitative indicators). The monitored criteria change over time.
For instance, the required minimum criteria for scientific research activities necessary for
the successful completion of studies within the terms of doctoral study programmes or
initiation of rehabilitation proceedings and proceedings for appointment as a professor
increase constantly. The fact that these criteria differ substantially between the same fields
and individual schools (faculties) is problematic. A frequent issue concerns the changes
to the weights of reported and monitored criteria, which have a significant impact on the
long-term predictability of funding the educational institution as a whole. Whether the
growth of such a monitored “quality” in scientific research activities also has the effect of
increasing the quality of an educational institution in terms of its pedagogic activities is
addressed below.

4. Materials and Methods

As stated above, the objective of this paper is to measure the quality of the pedagogic
process during the provision of services at publicly established universities in the Czech
Republic during the academic year of 2011/2012, and to note any changes in this field in
the academic year of 2018/2019.

A basic group of public universities consisting of 26 subjects, classified by [38] into
four groups, as recorded in Table 2, is assessed.
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Table 2. Classification of universities into groups.

Groups Universities

Art universities (group 1) AMU, AVU, JAMU, UMPRUM
Nonuniversities (group 2) VŠTE, VŠPJ

Smaller universities (group 3) VŠCHT, ČZU, JU, MEN, OU, SU, TUL, UHK,
UJEP, UPa, UTB, VFU, VŠB-TUO, VŠE, ZČU

Larger universities (group 4) MU, ČVUT, UK, UP, VUT

For this purpose, the quality of the provided services on the level of the assessed
public universities is measured by means of:

• the number of students per pedagogic or scientific worker according to acquired
qualifications (professor, docent, specialist assistant, assistant),

• the quality of the pedagogic apparatus, i.e., the pedagogic and scientific worker,
according to acquired qualifications (professor, docent, specialist assistant, assistant).

For the calculation of both quality indicators specified above, it is necessary to quantify
the “differences” between the qualifications acquired by pedagogic and scientific workers,
i.e., the differences between a professor, docent, specialist assistant, and assistant. The
Ministry of Education, Science, Research, and Sport of the Slovak Republic [39] quantifies
these differences using a coefficient of the qualification structure as follows: professor—
2, docent—1.66, specialist assistant—1.33, and assistant—1. Using this coefficient, the
indicators in question for the individual public universities are calculated as follows:

Q1 =
students

Q2
(1)

Q2 =
profesors×2 + docents×1.66 + specialist assistants×1.33 + assistants×1

profesors + docents + specialist assistants + assistants
. (2)

Using the created quality indicators, the following research hypotheses are verified in
the subsequent chapter using the created quality indicators:

Hypothesis 1. Assumption of statistically significant differences in the number of students (Q1)
between individual PU groups.

Hypothesis 2. Assumption of statistically significant differences in the quality of the pedagogic
apparatus (Q2) between individual PU groups.

Hypothesis 3. Assumption of a statistically significant negative linear relationship between the
number of students (Q1) and the quality of the pedagogic apparatus (Q2) on the level of individual
PU groups.

The definition of H1 and H2 is based on the classification of PU into four MEYS
groups. Within the terms of H3, we assume that a smaller number of students taught
by one pedagogue should lead to a higher quality of tuition, i.e., it translates into more
opportunities for an individual approach by the pedagogue to the student.

The input data for assessment are taken from the annual reports of individual public
universities within the terms of the monitored period, [40–42], and other documents
available on the website of the Ministry of Education, Youth, and Sports of the Czech
Republic.

The acquired results are supplemented by statistical verification using a Kruskal–
Wallis test (Q), Levene test (LE), and Kendall rank correlation coefficient (rK). A multicriteria
assessment is executed using TOPSIS techniques (see [43,44] for the calculation procedure)
under the condition of the equality of monitored quality indicators. The analyses are
executed with MS Excel, Statistica 13.4, and the Statgraphics XVIII software.
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5. Results

This section assesses the quality of universities in the Czech Republic in various aspects
in the academic years 2011/2012 and 2019/2019. “Quality” is initially assessed on the basis
of the number of students per standardised pedagogic worker. This is followed by the
assessment of the “quality” of pedagogic workers by means of the qualifications they have
acquired (professor, docent, specialist assistant with PhD, or specialist assistant without
PhD). The authors integrated the monitored indicators of scientific research activities, and
also the monitored indicators of the “quality” of tuition within the terms of accreditation
activities, into the assessment of the quality of the pedagogic process by means of this
indicator. The authors of this paper work on the assumption that university pedagogic
workers have a high motivation to acquire higher qualifications and therefore move up
the ranks of the university. The universities themselves have detailed internal regulations
and guidelines for this matter, the objective of which is a lump sum reward on professional
progress within the terms of qualification (successful acquisition of a scientific research
grant, publication of articles in magazines with an impact factor, acquisition of a new
accreditation or defence of an established accreditation, etc.). The pedagogic workers are
also motivated to increase their qualifications by long-term financial compensation, as
well as lump sum rewards. This is linked to their progress to higher qualifications and
other benefits, which are linked to a rise in status (moral perception by the general public,
etc.). This is followed by a section that shows the “quality” of the pedagogic process by
combining both indicators, i.e., the number of students in combination with the number of
pedagogues and their acquired qualifications.

5.1. Number of Students as a Quality Indicator (Q1)

The first assessed quality indicator is the number of students per standardised peda-
gogic worker. The differences at the beginning and end of the monitored period, i.e., in the
academic year 2011/2012 and the academic year of 2018/2019, are illustrated in Figure 2.

  

Figure 2. Number of students per standardised pedagogic worker according to MEYS groups in
(a) academic year 2011/2012 and (b) academic year 2018/2019.

In the academic year 2011/2012, we observed different values of this indicator across
groups of universities. During the illustration using a box plot (see Figure 1), which
we needed to interpret in the context of the extent of variation influenced by extreme
values, we noted a difference in the median (Q = 13.5462; p ≤ 0.01). During this time, with
the application of the Bonferroni post hoc method, we could identify the first group of
universities, i.e., art universities, as a separate group. We can confirm H1 on the basis of
these results.

Despite this difference, the homogeneity of their dispersal was confirmed (LE = 0.8543;
p = 0.4793), and therefore the differences within individual groups are the same. Differ-
ences between individual groups of universities increased significantly at the end of the
monitored period. Nonuniversity colleges (the second group) retained a dominant position;
we recorded the fewest students in the academic year of 2018/2019 at art universities. The
differences (Q = 12.0182; p ≤ 0.01) and also uniform dispersal (LE = 2.6754; p = 0.0722) were
maintained. Whether we can extrapolate this to the entire monitored period or whether it
is relevant to just the two aforementioned academic years is reported in Figure 3.
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Figure 3. Evolution of the median number of students per standardised pedagogic worker according
to the MEYS group from academic years 2011/2012 to 2018/2019.

When monitoring the change in the number of students per standardised pedagogic
worker (Figure 3), we observed a stable development, or a slight reduction, in the case of art
universities (the first group) and larger universities (the fourth group). In the case of these
institutions, the shift in the number of pedagogic workers reflects the shift in the number of
students and vice versa, whereas the year-on-year shift did not exceed 5% (negative in the
majority of cases). In the other two groups, this year-on-year reduction was more marked,
often exceeding 10% (six of 14). Nonuniversity colleges and smaller universities are unable
to deal with a fall in the number of students, which is also reflected in the number of their
pedagogic workers (see Figure 4).

Figure 4. Evolution of the median number of standardised pedagogic worker (a) and students
(b) according to the MEYS group from academic years 2011/2012 to 2018/2019.

5.2. Quality of the Pedagogic Apparatus as a Quality Indicator (Q2)

The second assessed indicator for evaluating the quality of the pedagogic process at
universities is the quality of the pedagogic apparatus, taking into consideration qualifica-
tions in the form of academic titles. The state at the beginning and end of the monitored
period, i.e., academic year 2011/2012 and academic year 2018/2019, is reported in Figure 5.

  

Figure 5. The quality of the pedagogic apparatus according to the MEYS group in academic years
2011/2012 (a) and 2018/2019 (b).
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At the beginning of the monitored period, we can observe the quality of the ped-
agogic apparatus (Figure 5) through the variability within the terms of the group and
also in the difference in quality between groups. The greatest differences are in the least
numerous group of nonuniversity colleges (vgroup1 = 7.96%); on the contrary, the smallest
differences can be observed for larger universities, i.e., within the terms of the fourth group
(vgroup4 = 1.22%). However, the differences in the quality of the pedagogic apparatus
cannot be called significantly different between individual groups (Q = 1.7487; p = 0.6261).
On the basis of these results, we can disprove H2.

At the end of the monitored period, we repeatedly observe the uniformity of the group
of larger universities (vgroup4 = 1.25%) during a reduction of the differences in other groups.
Differences within the terms of the variability of individual groups (LE = 4.5110; p = 0.0130),
not between them (Q = 4.8372; p = 0.1844), were confirmed. Whether we can attribute this
state to the entire monitoring period is reported in Figure 6.

 

Figure 6. Development of the median quality of the pedagogic apparatus according to the MEYS
group from academic years 2011/2012 to 2018/2019.

When monitoring the development of the quality of the pedagogic apparatus, we
observed a different situation between groups of universities (Figure 6). Year-on-year
changes, with the exception of one situation (academic year 2012/2013 in the second
group), did not exceed 2% in the positive or negative sense. From this viewpoint, the
differences between the three groups of universities are minimal. The quality of the
pedagogic apparatus is lowest in the long term at nonuniversity colleges; however, these
differences continued to decrease after academic year 2012/2013. This structure, expressed
in terms of the number of individual pedagogic workers, is reported in Figure 7.

 

Figure 7. Structure of the pedagogic apparatus of the MEYS groups from academic years 2011/2012
to 2018/2019 (median).
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5.3. Number of Students and the Quality of the Pedagogic Apparatus from the Viewpoint of
Individual Universities

The last part of the analysis concerns both monitored indicators of the quality of the
pedagogic process simultaneously. The results of monitoring the number of students per
standardised pedagogue and also the quality of the pedagogic apparatus are as follows
(see Figure 8).

Figure 8. Quality of the pedagogic apparatus vs. number of students per standardised pedagogic
worker according to the MEYS groups in academic year 2018/2019.

The results illustrate a considerable overlap regardless of the categorisation of the
university. Art universities (the first group) can be characterised by a smaller number
of students per standardised pedagogic worker. On the contrary, nonuniversity colleges
(the second group) have a greater number of students. Within the third group of smaller
universities, we observe differences more in the number of students than in the quality of
the pedagogic apparatus. The results of larger schools (the fourth group) do not de facto
differ from the results of the preceding group. If both quality indicators are taken into
account simultaneously, without taking into account the PU group, the order is as follows
(Table 3).

Table 3. Comparison of the quality of UP using TOPSIS techniques in the academic years 2011/2012
and 2018/2019.

2011/2012 2018/2019

Rank MEYS University Ci MEYS University Ci

1. 1 JAMU 1 1 JAMU 1
2. 1 AMU 0.992884 1 AMU 0.972143
3. 3 VŠCHT 0.985846 3 VŠCHT 0.960658
4. 1 AVU 0.977419 1 AVU 0.914956
5. 1 UMPRUM 0.973456 1 UMPRUM 0.888070
6. 4 ČVUT 0.971903 4 ČVUT 0.841761
7. 3 TUL 0.968333 3 VFU 0.809662
8. 4 UK 0.962300 3 TUL 0.770473
9. 4 UP 0.962186 3 OU 0.754386

10. 3 JU 0.961192 3 ZČU 0.737655
11. 3 OU 0.955287 3 JU 0.732830
12. 3 ZČU 0.954367 3 UPa 0.725362
13. 4 VUT 0.953012 3 VŠB-TUO 0.717977
14. 3 VŠB-TUO 0.951619 4 UP 0.708175
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Table 3. Cont.

2011/2012 2018/2019

Rank MEYS University Ci MEYS University Ci

15. 3 MEN 0.950940 4 UK 0.655043
16. 3 UPa 0.949021 3 UJEP 0.641483
17. 3 UJEP 0.945110 3 MEN 0.637044
18. 4 MU 0.940218 4 MU 0.632998
19. 3 UHK 0.937717 4 VUT 0.621358
20. 3 SU 0.932894 3 SU 0.567808
21. 3 VŠE 0.931311 3 UHK 0.539711
22. 3 UTB 0.924072 3 UTB 0.517417
23. 3 ČZU 0.917987 2 VŠPJ 0.467984
24. 2 VŠPJ 0.902251 3 VŠE 0.434042
25. 2 VŠTE 0.842624 3 ČZU 0.213620
26. 3 VFU 0 2 VŠTE 0.011005

Ci—relative distance to PIS alternative (result of TOPSIS technique).

The Janáček Academy of Music and Performing Arts in Brno (JAMU) can be identified
as the best-rated UP in the first and last assessed years, followed by the Academy of Per-
forming Arts in Prague (AMU) and the University of Chemistry and Technology (VŠCHT).
The highest quality of the pedagogic process is therefore observed in the first group of art
UP. On the contrary, from the viewpoint of the second assessed indicator, the quality of the
pedagogic process is the lowest at nonuniversity public colleges. The greatest shift in the
order of placement can be attributed to the University of Veterinary and Pharmaceutical
Sciences Brno (VFU).

Looking back, we can observe an increase in differences between individual UP,
which is accompanied by a reduction in the skew of the acquired results (β2011 = −4.878;
β2018 = −1.113). If we viewed the relationship between these quality indicators at the level
of individual groups of UP, the results would be as follows (Table 4).

Table 4. Results of order linear correlation of quality indicators (Q1, Q2).

Group 1 Group 2 Group 3 Group 4

rK −0.43 * 0.19 −0.01 0.17
* Significant at the level of importance α = 0.05.

The quality of the pedagogic apparatus increases the smaller the number of students,
i.e., with more time to devote to each student. There is also the opportunity for personal
development, publication, or project activities. In other UP groups, these two indicators of
quality do not correlate in a linear way. The assumption for H3 was therefore confirmed
only in the case of art UP (the first group), i.e., we can disprove H3.

6. Discussion and Conclusions

Šebková et al. [45] stated that the “quality” of university education has been men-
tioned for several decades in a number of countries as a key priority and should lead to
further development of university systems. Chvátalová et al. [46] stated that the quality
of university education in the Czech Republic is monitored by a number of international
organisations, which is also evidenced by the frequently published rankings of univer-
sities. These usually differ from each other by the number of assessed criteria, which
subsequently corresponds to the different results in placement of the assessed institutions
(e.g., QS, ARWU, or THE assessment). Other organisations monitoring “quality” include,
for example, the International Network for Quality Assurance Agencies in Higher Educa-
tion (INQAAHE), established in 1991, or the European Network for Quality Assurance in
Higher Education (ENQUA) [47].
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In his work, Neave [48] introduced the useful term conditional autonomy, which we
understand to mean the conditions that enable a university to achieve the expected output
level of graduates or enable a comparison of the number of workers compared to other
parameters and to the nationwide standard. However, what is the nationwide standard?
Is it developing? Is it good that it is developing? In their work, Šebková et al. [49] stated
that there are a number of different views of the concept of “quality”. According to them,
quality can be defined as:

• perfection, excellence, the effort to be the best;
• compliance of a product with the defined standard;
• suitability for a specific purpose, eligibility for a defined purpose;
• threshold, i.e., fulfilment of at least the minimum defined standards;
• improvement of the monitored parameters, or growth of the institution.

How to appropriately define the quality of work of universities is quite a complex
matter and depends on the point of view of the specific author. Stes et al. [50] stated
that evidence of the impact of professional development of pedagogues on the quality of
tuition of students is rare in university education. In his work, he stated that the quality of
tuition by a pedagogue is not dependant on the size of the class or the number of students.
Martensson et al. [12] stated that growing pressure on increasing “quality” by means of
increasing the qualifications of pedagogues creates an unhappy gap between the formal
rules of university institutions and routines and everyday procedures in the academic
sphere, which are linked to teaching and learning.

The authors of this paper incline towards the long-term horizon of measuring the
quality of university education according to De Weert [51], who was inspired by other
sectors and defined three aspects of monitoring quality: quality of inputs (finance, qual-
ification structure of the teaching body, spatial and technical equipment of the school,
administrative processes, the quality of the admitted students); quality of processes (proce-
dures by the management to achieve the set goals); and quality of outputs (compliance of
individual goals with long-term and strategic goals), which will be assessed in other works.
The objective of this paper was to point out one of the possible methods for assessing
“quality” under the conditions of public universities in the Czech Republic. On the level of
individual UP groups, differences in the number of students were confirmed (H1), but not
in the different quality of the pedagogic apparatus (H2). However, there are differences
between individual universities, as evidenced by Table 2 and the chart of universities for
academic years 2011/2012 and 2018/2019. The table shows a shift in the placement of
some universities over time that does not correspond to the order of universities in terms
of international comparison according to the QS, ARWU, or THE assessment.

According to the authors, it is essential to ensure a greater involvement of students
in tuition, innovate forms of tuition, and actively support all forms of discussion and
interconnection of theory and practice, in order to improve the assessment of tuition from
the viewpoint of students’ perceptions. It is also important to support and systematically
create an environment of mutual trust between all elements of the assessed institution
(students, pedagogues, and management) and to realise various types of assessment
(not just accreditation or science, but also tuition) and to evaluate this in an adequate
manner. From our point of view, smaller study groups can be considered a “suitable
climate for tuition and discussion”. With the exception of the group of nonart UP, we must,
however, state that smaller groups of students do not lead to a higher quality of tuition (H3).
Discussion in tuition is also promoted more by a greater number of docents and professors,
from whom we can expect more experience in how to connect theory with practice. These
individuals should represent versatile personalities in the field of their speciality. The
higher professional qualification of a university pedagogue is linked to scientific research
activities and creative activities in the form of publishing in important magazines with
an impact factor and the submission, management, and resolution of research tasks and
projects. The management of the university or the faculty is responsible for assuring these
prerequisites. They should endeavour to support the growth of the qualification structure
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of their employees, on the one hand, and a regular active communication (discussion) with
students, not only of the methods and form of tuition, but also of their comments and
suggestions for improvement of the “quality” of tuition, on the other hand. In the long
term, not just research activities, which are better expressed quantitatively and qualitatively
than the assessment of the quality of pedagogic activities, should be assessed and evaluated
regularly at public universities in the Czech Republic. The quality of tuition is discussed,
but its objective evaluation is not very successful. Teaching activities at a number of public
universities in the Czech Republic are left in the “shadow” of research activities, and
there are tendencies by individual universities to categorise themselves as just teaching
universities or research universities, depending on the reported publication activities. This
is also partially confirmed by the classification of public universities by MEYS into four
categories, according to which public universities were assessed above within the terms of
this paper.
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Available online: https://regvssp.msmt.cz/registrvssp/csplist.aspx (accessed on 22 February 2021).
42. Ministry of Education, Youth and Sport of the Czech Republic. Závěrečný účet Kapitoly MŠMT. Available online: https:

//www.msmt.cz/vzdelavani/skolstvi-v-cr/ekonomika-skolstvi/szu (accessed on 27 February 2021).
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Abstract: The design of the formative and summative assessment processes is of paramount importance
to help students avoid procrastination and guide them towards the achievement of the learning objectives
that are described in the course syllabus. If the assessment processes are poorly designed the outcome
can be disappointing, including high grades but poor learning. In this paper, we describe the unexpected
and undesirable effects that an on-demand formative assessment and the timetable of a summative
assessment that left the most cognitively demanding part, problem-solving, to the end of the course,
had on the behavior of students and on both grading and learning. As the formative assessment was
voluntary, students procrastinated till the last minute. However, the real problem was that due to
the design of the summative assessment, they focused their efforts mainly on the easiest parts of the
summative assessment, passing the course with ease, but achieving a low learning level, as evidenced
by the low scores of the problem-solving part of the summative assessment.

Keywords: formative assessment; summative assessment; learning; procrastination

1. Introduction

The syllabus of a course includes, among other things, the learning objectives, a de-
scription of the assessment procedures and the means, including the formative assessment,
the students are supposed to use to reach the established objectives. This guide is at the
disposal of the students since the beginning of the course and, if properly followed, it is
supposed to be a priceless tool for the students in their learning path. However, to reach
the learning objectives, the assessment processes and the means at the disposal of students
must be carefully chosen and used along the course.

Therefore, one of the most important actions teachers can take is to design cleverly
the formative and summative assessment processes [1–3]. The first one will provide the
students with feedback and useful information about their degree of understanding of the
studied matter [4,5] so they can have a predictor of the outcome [6,7] and know where to
direct their efforts, leading to a self-regulated learning [8,9]. The second one will provide a
formal certification of the acquired knowledges and skills.

To design the assessment procedures, it must be taken into account that a good grade
is not always synonymous with a good understanding of the matter. Usually, the main aim
of students is to pass the exam optimizing the use of the resources at their disposal [10,11],
of which time is the most important and the one that must be reduced to liberate hours
that will be used in the extensive social life associated with their age. The main aim of
the teacher is to help students in their learning process and that usually means getting
the students to spend, in a continuous and well-organized way, as many resources as
necessary in their education, as that will guarantee a good outcome. Combining both
views is not an easy task [12,13] and calls for a good knowledge of the behavior of students
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and how and when they will use the resources at their disposal. Lack of experience or
unexpected mistakes can spoil easily all the work and, worse still, the consequences can
even go unnoticed.

Part of the problem can be caused using automated online tools, mainly based on
quizzes, which on the other hand also have multiple and great advantages [14]. In fact,
online quizzes are displacing teachers in the task of marking written homework and in
giving students the necessary feedback. Furthermore, this change has been accelerated
worldwide due to the changes and restrictions imposed due to the COVID-19 pandemic.

Despite this change seems desirable and unstoppable, it has some disadvantages. Two
of them are:

• Teachers can feel their involvement in the learning process of students is less and less
necessary. The possibilities online quizzes offer can lead to the design of on-demand
and automated formative assessment systems based on online quizzes where the
participation of the teacher is very limited. This will not be a problem for the more
motivated and skilled students, but can be a problem for the rest of them as no one
with experience is helping them during the course.

• Quizzes and other online tools are not very well suited for time-consuming and
cognitive-demanding activities like solving numerical problems. This does not mean a
quiz cannot be used to test high-level cognitive skills [15], but if a quiz is defined as a
set of short questions that must be answered in 1 or 2 min, essays and time-consuming
questions that require a long calculation process are inevitably ruled out.

The first disadvantage leads immediately to procrastination or avoidance if completing
the formative assessment is not mandatory, but voluntary.

Procrastination, which can be defined as an irrational tendency to postpone perform-
ing a task is recognized as one of the main threats to student performance [16,17], leading
not only to a decrease in the quality and quantity of learning, but also to an increase
of stress[18] that affects even private life. The causes of procrastination in an academic
context have been studied during recent decades and include variables such as internet
addiction [19], self-esteem, perfectionism, planning skills, extroversion, emotional intelli-
gence and self-efficacy [18], although self-efficacy and procrastination are, by definition,
antonyms and mutually exclusive. Nevertheless, the main causes of procrastination during
the young age could be related to the inevitable preference of students for socializing and
enjoying life and the absence of a pressing need to earn a living. The immediate reward
associated with socializing and fun activities is hardly comparable to the distant payoff of
working today in something that can be done tomorrow [20].

Another problem is that although students can receive the correct answer and even an
explanation from the automated system, there is no guarantee that they will understand it,
and as the interaction with the teacher is reduced (not on purpose), they could be more
reluctant to ask for support, something that is anyway a widespread problem [21], even
when encouraging them actively ameliorates the problem [22].

The second disadvantage does not mean online quizzes are not pertinent. As a matter
of fact, online quizzes are a highly demanded option by students and seems to improve
their summative assessment [23–26], although there is no advantage with regard to written
quizzes [27] and some authors doubt whether doing online quizzes improves the final
marks or, simply, the more skilled and willing students do more quizzes [28,29]. Some
even doubt if in some cases the relation exists or if it is positive [30,31], possibly due to
the detrimental effect of overconfidence [6]. That said, if complex and time-consuming
questions are ruled out, it will be difficult for the students to reach a deep understanding
of the studied matter.

This paper presents a study of the causes of the undesirable and unexpected con-
sequences changes in the formative and summative assessment procedures had on the
learning of the students of a materials science course and why they almost went undetected.

The changes, part of them requested by the students in previous years, consisted of
changing from a weekly summative assessment that was also used as formative assess-
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ment to an online, automated and on-demand system-based mainly in quizzes for the
formative assessment and in using 2 online exams based on quizzes and one last writ-
ten exam aimed at evaluating the numerical problem-solving skills of students for the
summative assessment.

The new assessment procedures led to an increase in the scores obtained in the quizzes
part of the summative assessment but also to a significant drop in the scores obtained in the
written exam. Most of the students passed the course but with a low grade due to the low
scores of the written exam that required a deeper knowledge, calculations and a slower
and more thoughtful work.

The problem was the formative and summative assessment were poorly designed
to force the activation of self-regulated learning, or rather, self-regulation consisted of a
shortcut that avoided the effort of a profound learning. The identified mistakes give a
word of advice against assessment procedures that do not prevent procrastination, allow
students to pass the course completing only part of the assignments or only evaluate part
of the skills students should have acquired.

2. Materials and Methods

2.1. Changes in Assessment Procedures

“Materials” is one of the required courses students must take during their second
year of studies towards a bachelor’s degree in Industrial Design Engineering and Product
Development at the Valencia Polytechnic University in Spain. This course, with near 150
students enrolled every year, is divided into 14 chapters and the minimum score to pass
the course is 5 out of 10. The course extends over 15 weeks.

The summative assessment procedure was changed for the 2019/2020 course to satisfy
the demands of part of the students that expressed that a continuous summative assessment
was too demanding and stressful, leaving less time that desirable for other courses. In fact,
this feeling has also been observed by other authors [32,33] and affects teachers [34]. The old
grading was:

• One online quiz with 10 questions for each chapter except the first one: 15%.
• One online problem for each chapter except the first one (by problem we mean time-

consuming questions that require a numerical calculation process). The solution was
sent scanned or photographed: 15%.

• Two written exams with 10 problems, one mid-semester and another one at the end of
the course: 55%.

• Lab reports and post-lab questions and three online quizzes about the lab sessions: 15%
• There is no minimum passing grade for the different parts of the assessment.

The last rule is part of the assessment code established by the Higher Technical School
of Design Engineering where the course is taught.

Regarding the formative assessment, the online quizzes and problems were supposed
to give enough feedback to the students, as one was done almost every week.

The new grading was:

• Two online quizzes, one mid-semester and another one at the end of the course: 35%.
• One on-site written exam with 10 numerical problems at the end of the course: 40%.
• Lab reports and post-lab questions: 25%
• There is no minimum passing grade for the different parts of the assessment.

In this case, the students had at their disposal a series of online quizzes (10 questions
each one) and some online problems involving mathematical calculations from the begin-
ning of the course. The questions for the quizzes were randomly taken from a database that
contains between 30 and 110 questions for each chapter. There was no time limit, and the
students could take as many quizzes as wished. Once the quiz was finished, the students
received their score immediately along with the correct answers. The online formative
problems were scored automatically by comparing the numerical result introduced by the
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students with the correct one, allowing some margin of error, but no description of the cor-
rect calculation process was given. This way, feedback was provided by the system without
the intervention of the teacher unless students asked for a tutoring meeting. The questions
for the summative quizzes were not taken from the same database than the questions for
the formative quizzes.

The change was supposed to provide students with a means to obtain direct and
continuous formative assessment during the course, but, despite previous years, when the
quizzes were mandatory and part of the summative assessment, its use was voluntary and
dependent only on the behavior and will of students.

The consequences of the changes showed there was a fault in the design of the
assessment procedures that should be investigated. This fault was supposed to be related to
how the students adapted their behavior to the new formative and summative assessment.

2.2. Participants

During the year of study, 135 students enrolled the course, 48% male and 52% female.
Apart from gender, the students form a homogeneous group of mainly Caucasian Spanish
students with a medium-high income and cultural level. Only 2 students were South
America natives and other 2 were from North Africa. Those quantities are not high enough
to consider an investigation on the student behavior based on ethnicity.

Except 1 north African student, all of them had studied in Spain since childhood and
even this student had been living in Spain for 8 years. Therefore, in general, no language
difficulties were expected. Additionally, no disabilities were reported by any student.

2.3. Methodology

The effects of the changes in the assessment procedures were evaluated by compared
to the mean summative scores obtained by the students in the previous years, mainly,
the year before the change, although that year is a good representative of all of them.
As some consequences of the changes were undesirable, the changes are not going to be
maintained any more. Therefore, there is not the possibility of obtaining new data from
the scores of another year with the same assessment procedures, what could confirm the
findings presented in this paper. Nevertheless, the differences in the problem-solving part
of the summative assessment were considered big enough to be credible and a consequence
of the changes. Additionally, once the behavior of students and the assessment timetable
was studied, the consequences seem logical.

To study the behavior of students and disclose the relationship between that behavior
and learning, we studied the data collected by the learning management system of the
university, based on Sakai. The data available is divided in two databases: The first one,
automatically collected, includes identification of the student, start and finish time for each
formative quiz or problem and scores. This data were available for all chapters except
chapter 8 due to computer problems that led to the loss of that data during the onset of the
COVID-19 pandemic. The second part included identification of the students and scores of
the summative assessment, which was introduced manually by the teachers. After retrieval,
the data were analyzed using macros programmed in MS Excel. The students’ ID served as
a link to relate both databases.

As the changes consisted mainly of an on-demand formative assessment and of
changes in the summative assessment, the relation between them and summative scores
were analyzed. The first step was to study the behavior of students with regards to the
voluntary formative assessment. The number of formative quizzes and numerical questions
taken per course week and per student were counted. This simple analysis provided a
rough view of when and how much the students used the formative assessment along
the course.

The consequences of the design of the formative assessment were studied by relating
the amount and type (quizzes or problems) of formative work done by the students along
the course with the scores of the different parts of the summative assessment. The tem-
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poral distribution of the work done showed a direct relationship with the summative
assessment, what provided the main clue to find the most critical mistakes of the new
assessment procedures.

3. Results and Discussion

132 students took a least one quiz or solved a numerical problem. In total, 20,358 quizzes
and 1205 problems were done (excluding the ones concerning chapter 8 of the course),
which implies each student did a mean of 154 quizzes and 9.1 problems, not even one per
chapter. Figure 1 gives a better perspective on how many formative quizzes and problems
did each student. Almost 60% of them did less than the mean value of quizzes (154 quizzes
per student) while 7.5% students did more than 300 quizzes in total.

Figure 1. Number of students that have done a certain number of tests and problems.

There was a slight difference in the number of tests done between male and female
students, while female students did a mean of 165.6 tests along the course, male students
did a mean of 141.3 tests. On the other hand, male students did a mean of 9.9 numerical
problems while female students did a mean of 8.3 numerical problems. The difference
is not big, but seems to indicate female students are more conscious of what parts of the
summative assessment are more important to pass the course and, so, they prepare for
them with a bit more intensity.

The study of the time students used to complete the quizzes show that 65% of the
quizzes were finished in 5 min or less, while 30% were finished the quizzes in 2 or less
minutes. The commonly accepted value is 1 min per question [35], with being verified that
longer times could lead to a decrease in performance in terms of scores [36]. This means
the quizzes should be answered in around 10 minutes.

One of the potential explanations is that as the number of quiz questions in the
database is 3 to 11 times the number of questions in the quizzes, the students used to repeat
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the quizzes time and again in an attempt to view as many questions as possible in their
attempt to prepare for the summative assessment. After the first quizzes, many questions
repeat, what means the answer is known. If that is the case, the students can answer very
quickly (they can even mark the correct answer without reading it if they recognize it
visually). In any case, the time needed to complete the test is reduced considerably.

The number of numerical problems done by the students is much lower than that
of quizzes. Not only were they available in less quantity, but required more time, were
harder to solve and, overall, the capacity to solve such problems was not evaluated until
the end of the course. The limited use of the available online numerical problems as a tool
for formative assessment is unfortunate because problem-solving require a different set of
skills and cognitive skills than common quizzes [37], where the work with data or formulas
is very limited, and that work is important to reach all the goals listed in the syllabus.

Additionally important is to know if the effort of the students was distributed equally
along the course, something that would show a high level of self-regulation, what is
accompanied by a higher level of academic success [9]. Figure 2 shows that was not the
case and that despite the great number of quizzes done; this kind of formative assessment
was concentrated in the two weeks before the summative assessments.

Figure 2. Distribution of the number of formative quizzes and problems done by week.

Although unfortunate, this is the typical behavior of students if effective measures
to avoid academic procrastination are not implemented in the class [38]. The level of pro-
crastination varies from 50 to 90% according to different authors [39,40] or even more [41].
In this case, if the level of procrastination is calculated as the number of quizzes done
during the 2 weeks before each exam divided by the total number of quizzes, procrastina-
tion reaches nearly 90%. This is not how procrastination percentage is usually calculated
(using self-reports about executive functioning [42]), but gives a good image of the problem
because 4 weeks (two weeks before each quiz exam) accounts for around 23.5% of the
course duration, including non-teaching weeks.

The effect of procrastination is usually stress [43] and a lower learning level [44] With
these facts in mind, it is advisable to implement multiple deadlines along the course so
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that the curve of learning and time dedicated to study changes significantly, as shown in
Figure 3.

Figure 3. Evolution of learning (a) with and (b) without multiple deadlines along the course.

According to the model proposed in Figure 3, if students have several deadlines
distributed along the course, even if they delay the work until the last minute, they will
be forced to study before each deadline. Evidently, they are not studying for the final
exam and the learning level could not be as high as desirable and some concepts will be
partially forgotten as days go on, but not all of them and the scaffold that is created will
help students gain a deeper, greater and faster understanding of the studied matter. With
studied at a steady pace will also reduce the stress level and give them more confidence
before the final exam.

Unfortunately, it seems self-imposed deadlines do not work too well [45], as they are
easily delayed or cancelled. To be effective those deadlines should be somehow imposed by
the teacher. This was one of the main problems of the design of the formative assessment.
Students were not forced to take the quizzes after each lesson and, as a consequence, they
did not take them until the days before the summative assessment.

Nonetheless, online formative quizzes were useful, even despite procrastination, as a
means to prepare the students for the summative assessment. In fact, the mean score for
the summative quizzes after the change was 7.33, while in previous years it ranged from
6.5 to 7.0 (in the preceding course it was 6.89).

The usefulness of formative quizzes is directly related to the amount of quizzes done
by the students. Figure 4 shows how the mean number of right answers in the formative
assessment evolves with the number of quizzes done per chapter. That figure shows clearly
how the score obtained by students in the formative quizzes increase until a certain number
of quizzes is reached. In this case, this number is 11 quizzes. After that threshold the profit
of doing more quizzes is small. The mean score of the summative quizzes show a more
continuous growth, without a saturation threshold. This is somewhat expected as after
some formative quizzes the answers to the questions are known. The summative quizzes
do not show this effect, but the outcome of the effort and time of study of each student.

The evolution of the mean score with the number of formative quizzes done is very
similar for the two summative quizzes, with a continuous increase that boosts the mean
score from 5.97 to 9.20 (out of 10) for the first summative assessment and from 5.44 to
8.62 for the second summative assessment. This accounts for a 54% and a 58% increment,
respectively. Nevertheless, a slight decrease in the score seems to take place for students
who have done more than 200 tests (about 18 quizzes per chapter). There is no simple
explanation, but it could be these students do not know when to stop and dedicate time to
other learning activities once they have done enough quizzes.
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Figure 4. Evolution of the mean score in the formative (up) and summative quizzes (down) with the
number of formative quizzes done.

The mean score for the formative assessment-based in problem-solving was 2.57 out
of 10, although it must be taken into account that the score for each problem is 10 or 0
as only the final result is evaluated by comparing it with the correct value. Most of the
students were unable to solve the problems correctly but they did not ask for advice or a
tutoring session despite being encouraged to do so many times along the course and not
with may possibilities of knowing where they had failed without the detailed solutions to
the problems. This fact indicates a serious flaw in the behavior of the students.

The mean score for the summative numerical problems was 1.69. This score is usually
the lowest of the different parts of the summative assessment (in the preceding course it
was 4.30), but 1.69 is extremely low. In fact, only two students passed that exam, while
in the previous year 35.5% passed that part of the assessment (not counting the second-
chance exam).

Furthermore, concerning is that if the problem-solving exam had not been passed
at the end of the course, the final grades would have shown an improvement compared
to previous years and would have led to the conclusion that the changes implemented
in the course were greatly successful in improving learning. This would have been an
unfortunate mistake, as actually learning levels had decreased due to the fact that part of
the educational goals was far from being attained.

Regarding the influence of gender, no significant differences were found, as Table 1
shows. The differences are very small and could be attributed to the quantity of formative
quizzes and problems done by each gender.
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Table 1. Gender differences in the summative mean scores obtained by female and male students.

Male Female
Quizzes Problems Quizzes Problems

7.28 1.76 7.38 1.62

The change in the scores associated with the new assessment is not due to part of the
students, but to a general change in student self-regulation that had to be studied and was
not due to procrastination. This was the first year the students had online quizzes and
problems at their disposal to use as formative assessment, so, an increase in scores was
expected (as usual, written questions in the textbook were also available). This happened in
the quizzes, but not in the numerical problems. Figure 5 shows this effect in a comparison
with the scores of the prior course.

Figure 5. Percentage of students that have gotten a certain score in the summative quizzes and the
numerical problems exam in the year of study and the previous one.

The teachers consider the problems were not different nor more difficult than the ones
of previous years.

The cause of the low scores in problems lies in two facts:

• The low interest the students have had in doing that kind of numerical problems
along the course. That is an issue, but one that has not affected the scores in summa-
tive quizzes.

• The formative goals related to the practical application of theory in problem-solving
were deemed as secondary and not worthy of attention by the students.

This second fact is the most important one. The source of the preference of the students
can be found in the timetable for the summative assessment and in the percentage of the
final grade associated with each assessment activity. The problem-solving exam was done
after the two summative quizzes had been done and graded. This means the students knew
their scores for the 60% of the final grade (quizzes were automatically scored once they
were finished and the score for the lab reports and post-lab questions, which are usually
high, were also known). As the scores for the two already graded parts were high enough
to assure a final grade over 5 and there was not a minimum passing score for the different
parts of the assessment, most of the students knew they had passed the course before the
problem-solving exam. Knowing this and with other exams to think about, they decided
to devote very little time to prepare the last exam of the summative assessment. There
was an obvious increment in the online activity before this last exam, but proportionally
much lower than the activity associated with quizzes, and, it must be assumed that with
far less interest.
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Therefore, the mistakes in the design of the formative and summative assessment can
be summarized as follows:

• No mechanism was implemented to avoid procrastination and assure the correct and
frequent use of the formative assessment.

• The description of the correct calculation procedure for the problems was not given to
the students.

• Problem-solving abilities were evaluated only one time at the end of the course,
after the formative quiz tests.

• The students knew if they had passed the course before the problem-solving exam.
• There was no minimal passing grade for the problem-solving exam.

The study has one main limitation, and that is the fact that the data analyzed corre-
sponds to only one year. Nevertheless, the differences in the scores obtained with respect
to previous years are too big to think they are the result of pure chance.

According to the scores, procrastination was not the problem it could have been,
but nonetheless, it is a behavior that should be avoided. The same cannot be said about the
design of the summative assessment that certainly should be changed. Some proposals
that should work are:

• The formative online quizzes and problems should remain available to the students,
but their availability could be limited to 2 weeks after the corresponding theory has
been studied in class. Students will have to do them in those 2 weeks or lose the
opportunity. This should reduce considerably procrastination. It also could simply be
made mandatory.

• Explanations about the correct answer should be given to the students for both quizzes
and problems.

• The summative assessment could be changed to two written exams along the course
(one mid-course and another one at the end of the course), both including quizzes
and problems. This should also reduce procrastination and will assure no goals
will be forgotten, while will reduce the continuous stress associated with the weekly
summative assessment.

• All parts of the summative assessment should have a minimum score for the students
to pass the course, although right now that is not possible.

Evidently, many other assessment procedures could be used in the course provided
all the detected mistakes, which give a word of advice to teachers who are going to change
their assessments, are corrected.
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Abstract: The knowledge of local culture is essential to establish competitive strategies in higher
education. The objective of this research was to identify the organizational differences among three
universities with different international contexts and satisfaction level. An approach was made regarding
Relational Coordination (RC) attributes: accurate, frequent and problem-solving communication, shared
knowledge, mutual respect and shared goals, by discriminant analysis method. A random sample of 300
students, 100 belonging to each university, was surveyed on the 23 RC variables in 2017–2018. First, the
RC variables were evaluated by general linear model (GLM). The three universities—Arcada University
of Applied Science (ARCADA) in Finland, University of Cordoba (UCO) in Spain and Agricultural
Polytechnic of Manabi “MFL” (ESPAM) in Ecuador—and the two levels of student satisfaction—Low
and High—were used as fixed factors. Second, a discriminant model was built with RC variables. A
higher level of RC practices concerning to accurate, frequent and problem-solving communication
achieved higher levels of satisfaction, regardless of the universities’ socioeconomic context. RC
differentiation among three universities showed that shared goals with lecturers and administrative
officers and problem-solving communication among classmates were the variables with the highest
discriminant power. Two clusters were obtained, where UCO was the most differentiated university.
In conclusion, organizational practices made a difference among the three universities. Discriminant
analysis can be adapted and extended to different universities to improve quality.

Keywords: relational coordination; student satisfaction; higher education; communication; discrimi-
nant analysis

1. Introduction

As a key to value creation in modern societies, improvement in higher education
has received considerable attention from policy makers [1,2]. The way Higher Education
Institutions have put into practice organizational learning is considered a key element [3].
Organizational learning is interpersonal and relational, and it has often involved learning
to coordinate work in new ways [4]. Coordination has been explained by organization
design and contingency theorists such a Kundu et al. [5], as an information-processing
problem. Some authors such a Faraj and Sproull [6] and Margalina et al. [7] have perceived
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coordination as shared understanding of work, and the context in which the activity is
carried out has been defined as a relational process. According to Fu et al. [8], coordination
is an important management strategy which helps organizations to improve efficiency
and effectiveness.

Gittell [9] defined relational coordination (RC) as a mutually reinforcing process of
communicating and relating for the purpose of task integration. RC is a mechanism based
on human factors. Even though excellence is measured by results, it is generated in intan-
gible, personal and human processes [10]. The RC model could become a helpful tool to
measure and encourage effective coordination. RC is based on human relationships among
emotional beings [11]. For this reason, it attempts to group together all the connections
between them, not merely as tasks, tools or technical needs, but rather in real ways to make
it possible for people to work efficiently. RC has been built around work coordination, by
considering all aspects of team’s relationships. It recognizes, therefore, the need for the
relational side of coordination to achieve organizational effectiveness [12,13].

Gittell et al. [14] structured the RC model around two dimensions: communication
and relationships. The communication dimensions are: (i) frequent communication helps
to establish relationships via roles through the proximity generated because of repeated
interaction; (ii) timely communication, communication provided on time; (iii) accurate
communication, in the context of relevant information, this plays a critical role in the
effectiveness of a group’s tasks performance; (iv) problem-solving communication, referred
to effective coordination to solve problems. The relationship dimensions are: (i) shared
goals: these play a key role in the coordination of highly interdependent tasks; (ii) shared
knowledge: communication among those involved in the various tasks that constitute a
process is not always effective because of different social backgrounds, training and experi-
ence; (iii) mutual respect, that generates an effective coordination, because participant’s
profiles in the same process value the contribution of others and consider the impact of
their own actions in others too.

Understanding the RC factor relationships helped to know how resources can be
organized best in order to maximize an institution’s performance [10,11]. Existing research
showed that RC was positively linked to organizational performance in several sectors.
Gittell et al. [11] applied it to different medical units inside hospitals and observed that
units with higher levels of RC produced best performance. Havens et al. [15] explained
higher levels of job satisfaction, work engagement and decrease of burnout from the RC
perspective. Haider et al. [13] applied the RC to the banking industry to explain the relation-
ship between high performance work systems and job satisfaction. Gallego et al. [16,17]
and Margalina et al. [7] applied the RC model to explain best results in online systems
in higher education. The model was also applied to face-to-face learning. At Quevedo
State Technical University (Ecuador), a typology of organizational models was built [18].
In addition, the level of quality in education of Agricultural Polytechnic of Manabi “MFL”
and Quevedo State Technical University [19] was estimated. Furthermore, Checa et al. [20]
located RC factors oriented towards sustainability in higher education.

Quality is an important performance indicator for education, and it is one of the main
issues examined by modern scholars and practitioners from the international education
market [21]. The main problem lies in the subjectivity of the concept of quality, which
makes it difficult to measure [22]. According to Gallego et al. [16], an indicator to measure
the quality was the degree of students’ satisfaction. Satisfaction showed a customer
orientation, linking what it is expected from one student with the obtained result [23].
Student’s perceived satisfaction showed the efficiency of organizations at different areas
of activity: Academic services, administrative services, teaching staff, training programs,
etc. [24]. However, there is still a lack of empirical research that examines the relationship
between RC and students’ satisfaction to solve some questions such us: How deep is that
relationship? Does an improvement in RC increase student satisfaction? Furthermore, in
the current literature, the findings are based on cases that can hardly be extended to other
universities. Addi-Raccah and Gavish [25], Lee and Yu [26] and Noël et al. [27] identified
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organizational differences through discriminant analysis. A comparison among universities
allows identifying the key organizational factors that differentiate them. This can enable
the design of strategic measures oriented to improve the quality of performances.

We pose the following research questions: (RQ1) Do universities located in developed
countries showed a higher level of RC? (RQ2) Do the most satisfied students have a higher
level of RC? (RQ3) Is it possible to build an organizational model that differentiates the
three institutions?

Therefore, the objective of this study was to identify the organizational differences
among three universities with different socioeconomic contexts and two levels of student
satisfaction, from the RC perspective. The cases of Arcada University of Applied Science
(ARCADA) in Finland, University of Cordoba (UCO) in Spain and Agricultural Polytechnic
of Manabi “MFL” (ESPAM) in Ecuador with different satisfaction levels and socioeconomic
contexts were selected. The analysis was developed in two stages. In the first stage,
considering the 23 organizational variables proposed, those variables with significant
differences among the three universities and between the two levels of satisfaction by
general linear model (GLM) were identified. In the second stage, the organizational
differences among the three universities were explained by discriminant analysis.

Socioeconomic Contexts

The knowledge of local culture and the socioeconomic situation are essential to estab-
lish competitive educational leadership and management strategies [28]. In this research,
three universities were selected as representative instruments of three international socioe-
conomic contexts with different organizational structures. ARCADA represented Finland,
which has a high Gross Domestic Product (GDP) (Table 1). This university is in the position
18 out of 35 in the ranking of Finnish Universities [29]. UCO represented Spain, which has
a medium GDP (Table 1). UCO is a non-private university and appears in position 53 out of
120 in the ranking of Spanish universities [30]. Ecuador presented the lowest GDP (Table 1)
and was represented by ESPAM. This is university is in the position 41 out of 61 universities
in Ecuador [31]. In Table 1, the main differences between the three socioeconomic contexts
and the positions in the higher education rankings of the three universities were shown.

The three countries were compared using the Program for International Student
Assessment (PISA) report. This study carried out by the countries belonging to the Or-
ganization for Economic Cooperation and Development (OECD), measures the academic
performance of students according to subjects such as mathematics, science and reading.
Finland and Spain showed their data in the regular PISA report [32,33], while Ecuador pre-
sented their data in the “PISA for development” or PISA-D report [34], an OECD initiative
for low-and middle-income countries. Ranking Web of Universities showed the position of
each university worldwide [35].
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Arcada University of Applied Science (ARCADA) is a private university located in
Finland, in Northern Europe. It is composed of 2443 students, 165 employees, 4 educational
departments, 17 grade programs and 10 Master programs. U-Multirank ranking evaluates
five dimensions of higher education centers (teaching and learning, research, knowledge
transfer, international orientation and regional engagement). ARCADA overall profile
showed higher performance on several indicators, with “A” scores (very good) overall. Ac-
cording to U-Multirank [36], ARCADA was strongest in Regional Engagement. ARCADA
was in position 4589 out of 30,585 in the Ranking Web of Universities [35]. Within the three
world rankings that classify the top 1000 universities, University of Cordoba (UCO) was
ranked at position 800 in The Higher Education World Universities Ranking [37], position
700–800 in the Shanghai Ranking [38] and position 101–150 in QS World Universities
Ranking [39]. It presented a medium size dimension with 21,000 students, 1200 lecturers,
700 workers, 47 undergraduate studies and more than 50 postgraduate studies. Finally,
it was classified in the position 686 out of 30,585 in the Ranking Web of Universities [35].
Moreover, Agricultural Polytechnic of Manabi, ESPAM, is a public institution located in
Ecuador. It was graded with “C” category by the Council of Evaluation, Accreditation
and Quality Assurance of Upper Education (CEAACES) [40]. This is a ranking applicable
to Ecuadorian universities exclusively. This classification is distributed in a decreasing
way from category “A” to “D”. In this case, 2811 students and 176 employees compose
ESPAM, and it offers 8 grade programs. In addition, it was ranked 15,330 out of 30,585 in
the Ranking Web of Universities [35].

2. Materials and Methods

2.1. Data Collection and Survey

A stratified random sample composed of 300 surveyed students, 100 from each uni-
versity, was collected during the period 2017–2018. The initial data started from a database
for each university, made up of 200–1000 data each one. Incomplete surveys and those that
showed logical inconsistencies were deleted. Finally, a group of 100 surveys from each
university was randomly selected with the random function of the spreadsheet software,
making up the complete database with 300 surveys. The survey included 33 items: 4 socioe-
conomic (age, gender, character public/private, size), 6 of students’ perceived satisfaction
and 23 related to RC. The survey’s reliability was verified by means of Cronbach’s alpha,
with values greater than 0.7, acceptable to confirm internal consistency: communication
dimension (0.703), relationship dimension (0.831) and satisfaction (0.793) (Table 2). The
complete survey showed a Cronbach’s alpha of 0.87 [20,41].

The 23 items of the RC model focused on the mechanisms involved in organizational
practices are shown in Table 2. 11 variables of the communication dimension, 12 of relation-
ship dimension and 6 related to the level of student satisfaction were used. The students
answered each question of the survey (Table S1) as many times as profiles were observed
at the university. Then, each relational coordination variable was disaggregated into the
following profiles: lecturers, administrative officers, classmates, student representatives
and me (myself), as a control variable. A Likert scale metric was used, from 1 (infrequent)
to 5 (very frequent). In this case, the intervals between the points on the scale corresponded
to empirical observations in the metric sense [42]. A visual analog scale was displayed on
each survey question presented to the students.
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Table 2. Relational coordination and satisfaction variables.

Dimension α Cronbach Code Question/Variable

COMMUNICATION 0.703 ACCURATE COMMUNICATION: Do the people who belong to these areas have the
need to offer you information at certain times?

1. ACCUAdmin
Accurate communication with

administrative officers
2. ACCULect Accurate communication with lecturers
3. ACCUClass Accurate communication with classmates

FREQUENT COMMUNICATION: Do people who belong to the following work areas
communicate with you frequently?

4. FREQAdmin
Frequent communication with

administrative officers
5. FREQLect Frequent communication with lecturers
6. FREQClass Frequent communication with classmates

SOLVING PROBLEM COMMUNICATION: When any type of problem appears (study,
logistics, documentation . . . ), how much did the following profiles help you to solve

your problem?

7. SOLPROMyself
Problem-solving communication with

myself

8. SOLPROLect
Problem-solving communication with

lecturers

9. SOLPRORepres
Problem-solving communication with

students’ representatives

10. SOLPROAdmin
Problem-solving communication with

administrative officers

11. SOLPROClass
Problem-solving communication with

classmates

RELATIONSHIP 0.831 SHARED KNOWLEDGE: How well do the following profiles know about your role in
the university and the problems that arise?

12. SKNOWLect Shared knowledge with lecturers

13. SKNOWRepres
Shared knowledge with students’

representatives

14. SKNOWAdmin
Shared knowledge with administrative

officers
15. SKNOWClass Shared knowledge with classmates

MUTUAL RESPECT: How much do the following profiles respect your role at the
university?

16. RESPELect Mutual respect with lectures

17. RESPERepres
Mutual respect with students’

representatives
18. RESPEAdmin Mutual respect with administrative officers
19. RESPEClass Mutual respect with classmates

SHARED GOALS: How well do the following profiles share your goals at the
university?

20. SHARGOALLect Shared goals with lecturers
21. SHARGOALRepres Shared goals with students’ representatives
22. SHARGOALAdmin Shared goals with administrative officers
23. SHARGOALClass Shared goals with classmates

SATISFACTION 0.793 STUDENT SATISFACTION: Indicate your degree of satisfaction with the following
profiles.

24. SATISLect Satisfaction with lectures
25. SATISRepresent Satisfaction with students’ representatives
26. SATISAdmin Satisfaction with administrative officers

27. SATISMaterials Satisfaction with materials
28. SATISCommunic Satisfaction with communication channels
29. SATISContents Satisfaction with training contents

The proposed indicator of satisfaction was based on the student’s satisfaction level [7,16,43].
This indicator was obtained from variables 24–29, related to profiles of conferences, student
representatives, administrative officers, materials, communication channels, training con-
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tent. The descriptive statistics of trend, dispersion and position of the satisfaction variable
were calculated (Figure S1). In each university the median ranges between 18–20 points and
for the total sample of 19 points. Therefore, two levels were determined: 19 points was used
as border: less than 19, “Low satisfaction” and more than 19, “High satisfaction” [19,20].
Later, satisfaction level was understood as fixed or independent variable.

2.2. Statistical Analysis

The normality of the data distribution was evaluated using the Kolmogorov-Smirnov
test (with the Lilliefords correction) and a Levene test was used to evaluate the homogeneity
of variance. For those variables that did not show a normal distribution, the Bartlett test
was applied to assess if the data had equal variances.

In the first stage, to answer RQ1 and RQ2, the RC variables influenced by the university
(socioeconomic context) and the level of satisfaction were identified. 23 variables of RC
were compared using the general linear model (GLM). The three universities (ARCADA,
ESPAM and UCO) and two satisfaction levels (Low and High) were used as fixed factors.
The interactions between both factors were also considered [43]. Three levels: * p-value <
0.05; ** p-value < 0.01 and *** p-value < 0.001 were considered. The test allowed determining
which pairs of means differed significantly and to study data whose error did not conform
to the normal distribution and non-constant variances. The test allowed determining which
pairs of means differed significantly and to study data whose error did not conform to the
normal distribution and non-constant variances [43].

Secondly, an organizational model was built using a canonical discriminant analysis
to answer to RQ3. This analysis allows studying the concrete relationships that exist among
discriminated groups (universities) and their degree of association [44]. The coefficients
of the discriminant model show the relative contribution of the variables to the model.
The higher the value of the F-remove coefficient, the greater the contribution to group
discrimination [45,46]. Therefore, variables with a p-value < 0.05 were accepted and
a model with highest percentage of correctly classified cases was selected. The most
discriminant variables were calculated applying the F of Snedecor, Wilks’ Lambda and
the 1-Tolerance. High values of F for each variable indicated that the means of each group
were widely separated. Small Lambda values showed that the variable discriminates well
among groups. Variables with a high percentage of tolerance (1-Toler) were selected [26].
Statistical analyses were performed using the STATISTICA 12.

3. Results

The three universities showed an average age of students less than 25 years in 86% of
the sample (p-value < 0.05). Regarding gender, the distribution was uniform in ARCADA.
However, in UCO most of the students were women (p-value < 0.001) and in ESPAM
most of the students were men (p-value < 0.05). Regarding the field of knowledge, sig-
nificant differences were found among the three universities. In ARCADA 100% of the
data corresponded to the Social Sciences (p-value < 0.001), in UCO the Health Sciences
predominated (90%; p-value < 0.001) and in ESPAM the Engineering Areas obtained the
highest percentage (72%; p-value < 0.05). The sociodemographic indicators of the sample
are shown in Table 3.
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Table 3. Sociodemographic distribution of the sample (%).

Age Gender Field of Knowledge

<25 ≥25 p-Value Male Female p-Value Social
sciences Engineering Health

sciences p-Value

ARCADA 86 14 ns 54 46 ns 100 - - ***
UCO 88 12 ns 30 70 *** - 10 90 ***

ESPAM 83 17 ns 56 44 * 15 72 13 *
TOTAL 86 14 ns 46 54 *** 38 27 35 ***

* p-value < 0.05; ** p-value < 0.01; *** p-value < 0.001; ns = not significantly different.

The three universities reached relational coordination values close to the average
(69.87 ± 0.78; CV = 0.19). Regarding satisfaction, UCO obtained the lowest level (18.25 ±
0.44; CV = 0.24) and ARCADA (19.44 ± 0.53; CV = 0.27), the highest one. The dispersion
coefficient was low in the three universities (data not presented).

3.1. Identification of Organizational Differences

GLM results are shown in Table 4. Significant differences were found in most of the
variables of RC by university and satisfaction (p-value < 0.05). 82.61% of the RC vari-
ables showed significant differences by university. The highest RC values were observed at
ESPAM and UCO, while ARCADA showed lower values. ARCADA showed significant dif-
ferences in the variables related to solving problem communication and shared knowledge
with the administrative officers. In UCO significant differences were found, highlighting
the frequent communication, shared knowledge and mutual respect related to classmates.
Lastly, ESPAM showed significant differences in accurate and frequent communication
variables, and shared knowledge and goals were the variables that stood out, relating
to lectures.

Table 4. Relational coordination by university and satisfaction level (Mean ± SE).

Variable University (A) Satisfaction Level (B) p-Value

ARCADA UCO ESPAM Low High University
(A)

Satisfaction
level (B)

Interactions
(A × B)

1. ACCUAdmin 2.75 a ± 0.10 2.60 a ± 0.10 3.38 b ± 0.10 2.67 ± 0.09 3.15 ± 0.08 *** *** ns
2. ACCULect 3.57 a ± 0.09 3.77 ab ± 0.09 3.95 b ± 0.09 3.60 ± 0.07 3.92 ± 0.07 ** ** **
3. ACCUClass 3.67 a ± 0.10 3.76 a ± 0.10 3.84 a ± 0.10 3.67 ± 0.08 3.84 ± 0.08 ns ns ns
4. FREQAdmin 2.54 b ± 0.09 1.99 a ± 0.09 2.81 c ± 0.10 2.16 ± 0.08 2.74 ± 0.07 *** *** **
5. FREQLect 3.44 a ± 0.09 3.54 a ± 0.09 3.83 b ± 0.09 3.36 ± 0.08 3.84 ± 0.07 ** *** ns
6. FREQClass 4.08 ab ± 0.09 4.30 b ± 0.09 4.00 a ± 0.09 4.08 ± 0.08 4.17 ± 0.07 ns ns ns

7. SOLPROMyself 4.20 ab ± 0.08 4.43 b ± 0.08 4.18 a ± 0.08 4.29 ± 0.07 4.25 ± 0.07 ns ns ns
8. SOLPROLect 3.04 a ± 0.08 3.04 a ± 0.08 3.11 a ± 0.08 2.87 ± 0.07 3.26 ± 0.07 ns *** ns

9. SOLPRORepres 2.13 a ± 0.11 2.51 b ± 0.11 2.47 b ± 0.11 2.18 ± 0.09 2.56 ± 0.09 * ** ns
10. SOLPROAdmin 2.50 b ± 0.09 2.05 a ± 0.09 2.46 b ± 0.09 2.09 ± 0.08 2.59 ± 0.07 *** *** ns
11. SOLPROClass 3.43 b ± 0.10 3.78 c ± 0.10 2.95 a ± 0.10 3.37 ± 0.08 3.40 ± 0.08 *** ns ns
12. SKNOWLect 3.04 ab ± 0.11 2.85 a ± 0.10 3.16 b ± 0.10 2.81 ± 0.09 3.23 ±0.08 ns ** ns

13. SKNOWRepres 2.36 a ±0.12 2.21 a ± 0.11 2.51 a ± 0.11 2.23 ± 0.10 2.48 ± 0.09 ns ns **
14. SKNOWAdmin 2.40 b ± 0.10 1.73 a ± 0.10 2.47 b ± 0.10 1.96 ± 0.09 2.44 ± 0.08 *** *** ***
15. SKNOWClass 3.35 a ± 0.11 4.02 b ± 0.10 3.21 a ± 0.10 3.47 ± 0.09 3.59 ± 0.08 *** ns ns

16. RESPELect 3.30 ± 0.11 3.62 ± 0.10 3.58 ± 0.10 3.27 ± 0.09 3.73 ± 0.08 ns *** **
17. RESPERepres 2.52 a ± 0.12 2.96 b ± 0.12 3.06 b ± 0.12 2.60 ± 0.10 3.09 ± 0.09 ** *** **
18. RESPEAdmin 2.65 b ± 0.12 2.33 a ±0.11 3.00 c ± 0.11 2.33 ± 0.10 2.99 ± 0.09 *** *** **
19. RESPEClass 3.42 a ± 0.10 4.15 b ± 0.09 3.53 a ± 0.09 3.62 ± 0.08 3.78 ± 0.07 *** ns ns

20. SHARGOALLect 2.84 a ± 0.10 3.09 a ± 0.10 3.43 b ± 0.10 2.83 ± 0.08 3.41 ± 0.08 *** *** ns
21. SHARGOALRepres 2.46 a ± 0.12 2.65 ab ± 0.12 2.85 b ± 0.12 2.33 ± 0.10 2.97 ± 0.09 ns *** *
22. SHARGOALAdmin 2.55 b ± 0.10 1.77 a ± 0.10 2.85 c ± 0.10 2.09 ± 0.08 2.68 ± 0.08 *** *** *
23. SHARGOALClass 3.46 a ± 0.10 4.03 b ± 0.10 3.46 a ± 0.10 3.59 ± 0.08 3.71 ± 0.08 *** ns **

* p-value < 0.05; ** p-value < 0.01; *** p-value < 0.001; ns = not significantly different. a, b Within row, averages with different superscript
differ significantly.

Significant differences by level of student satisfaction were found in 65.21% of the
organizational variables. 26.09% of the variables showed differences according to both
criteria (Table 4). The non-significant variables were those related to the classmates and
representatives of the students in the two dimensions of RC. The interactions between
university and satisfaction were found in six RC variables. Most of the variables were
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related to the profile of administrative officers. The interactions found between both factors
in these six significant variables are shown in Figure 1.

 

Figure 1. Interactions between university and level of satisfaction.

3.2. Discriminant Model Building

Discriminant analysis model among universities was carried out. As predictors, 23 RC
variables were used. The eight significant variables, which showed a p-value < 0.05, were
selected for the construction of the discriminant model: Three related to the communication
and five to the relationship dimension (Table 5). Accurate communication with admin-
istrative officers and lecturers, shared knowledge and mutual respect with classmates;
and shared objectives with the representatives of the students belonged to the discrimi-
nant model. Additionally, shared goals with lectures and administrative officers, and the
communication for solving problems among classmates were the variables with the three
highest discriminant powers, showing a higher F-remove coefficient.
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Table 5. Discriminant function for the organizational variables of three universities (ARCADA, UCO
and ESPAM).

Variable Wilks’ Partial F-Remove p-Value Toler 1-Toler

2. ACCULect 0.491 0.974 3.088 * 0.603 0.397
3. ACCUClass 0.494 0.967 4.029 * 0.681 0.319

11. SOLPROClass 0.516 0.927 9.279 *** 0.737 0.263
15. SKNOWClass 0.493 0.971 3.568 * 0.549 0.451
19. RESPEClass 0.494 0.967 3.960 * 0.643 0.357

20. SHARGOALLect 0.518 0.924 9.726 *** 0.558 0.442
21. SHARGOALRepres 0.491 0.973 3.290 * 0.457 0.543
22. SHARGOALAdmin 0.550 0.869 17.672 *** 0.480 0.520

* p-value < 0.05; *** p-value < 0.001.

The classification matrix offered a correct ascription percentage of 69.32, obtaining
assignment errors only in ESPAM (data not presented). The organizational differences of
the three analyzed universities are shown in Figures 2 and 3. In the first one, in which the
Mahalanobis distances obtained from the relational coordination indicators were graph-
ically represented, a first cluster grouped ARCADA and ESPAM University and second
cluster made up UCO. The students from UCO showed greater separation, and, therefore,
greater relational coordination differentiation, due to its lower RC rating. The existence of
different relational models for each university were observed in Figure 3, which showed a
spatial distribution of each university with overlap of some individuals of ARCADA and
ESPAM, but strong distance from UCO showed a clear differentiation.

 

Figure 2. Cluster from Mahalanobis distances for three universities.
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Figure 3. Plot of the individual observation discriminant scores obtained with the canonical discriminant function for
three universities.

4. Discussion

The relational coordination framework provides an excellent basis for investigating
the types of organizational models at universities [7,16,17,47]. According to [47], higher
levels of relational coordination improve results. RC model can be useful to achieve
excellent results in higher education where high levels of task interdependence, uncertainty,
time restrictions and tacit knowledge are required [7]. In the case of higher education,
it is important to identify best organizational practices to apply at universities, as well
as the differences among universities, which contribute to the global knowledge of the
importance of RC on the results of the organization [16,20]. The methodology developed
in this research has allowed, in a first step, identifying the relational coordination variables
that promote differences among universities and satisfaction levels. In a second stage,
according to Addi-Raccah and Gavish [25], Lee and Yu [26] and Noël et al. [27], a canonical
discriminant function for the ARCADA, UCO and ESPAM universities, in three countries
and very different socioeconomics contexts has been built.

RQ1 was not validated in this study. According to De-Pablos-Heredero et al. [19], an
improvement in organizational practices leads to an improvement in results regardless of
the socioeconomic context.

RQ2 was validated, finding a positive relationship between RC and student satisfaction
level. In the three universities there is a positive effect between RC and satisfaction. This
link is more prominent in the case of ESPAM (Figure 1). In ESPAM, with high levels of
RC, the highest values of satisfaction have been obtained. In ESPAM, which is a small
size public university in a developing country with low economic growth, the level of
satisfaction is very sensitive to the modifications in RC in the administrative officers
profile [7]. According to the Pisa-D report [34] Ecuador requires an improvement in digital
literacy, so there is a greater dependence on administrative officers [7]. Therefore, the
different social contexts could explain part of the differences in organizational patterns [28].
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Accurate and solving problem communication, mutual respect and shared knowl-
edge and goals are strategic factors to improve de RC. The results obtained show that
the personalized service to the student is positively valued by considering individual
circumstances. Gallego et al. [16,17] and Margalina et al. [7] proofed how in universities
with high quality levels, the institutional coordination with students was stronger. Havens
et al. [15] and Haider et al. [13] paid attention to the similarities between teamwork quality
and RC. Lacayo-Mendoza and De-Pablos-Heredero [48] indicated that the majority of
students highly value the facilities provided by educational staff. Finally, results show
that other outstanding attributes are shared goals with students’ representatives and with
administrative officers. Gallego et al. [16,17] and Margalina et al. [7] concluded how in
universities exhibiting high quality levels, the institutional coordination with students
is strong.

The construction of a discriminant model verified RQ3. Knowing the variables with
the greatest discriminant power, it is possible to propose concrete, simple and economic
measures to improve educational quality. The results of this research allow establishing
the organizational differentiation among three Universities though discriminant analysis.
Shared goals, with lectures and administrative officers, and the communication for solving
problems among classmates were the variables with the highest discriminant power. UCO
was the most differentiated university according to RC (Figures 2 and 3). This differentiation
explains the fact that it is the highest ranked university in the world ranking of universities
(Table 1).

Three different universities could be discriminated by the organizational model gen-
erated. Shared goals are a key piece for university excellence [17], therefore measures
that allow sharing the objectives of the students with lectures and administrative officers
are crucial. In order to enhance this, improvements are proposed in digital literacy for
communication with administrative officers [7] and changes in the teaching guides, where
the lectures establish specific objectives for the students in each subject, are welcomed.
Solving problem communication shows that the students use the educational ecosystem
in moments of lack of information [16,17]. This way, the creation of direct communica-
tion mechanisms among students and other profiles is proposed to solve the problems of
university life.

Apart from this, it would be of great interest to develop prediction models for each
set of organizational variables over satisfaction. This issue could be developed in future
research lines by applying structural equation models. This approach could be extended to
different universities and contexts.

5. Conclusions

This research contributes to a novel approach since it allows identifying the organiza-
tional differences among three universities with different socioeconomic contexts.

In each university, as the relational coordination dimensions are improved, the level
of satisfaction increases. However, an association among universities located in countries
with a higher level of economic resources and a higher level of relational coordination,
has not been verified. Those universities that implement a program of best practices in
relational coordination will achieve higher levels of quality in terms of student satisfaction,
regardless the socioeconomic context.

The canonical discriminant model built according to the relational coordination di-
mensions showed that three organizational variables were enough to explain differences
among universities. These variables were shared goals, with lectures and administrative
officers, and the communication oriented to solve problems among classmates. Therefore,
the discriminant analysis is useful for designing the improvement of the relational practices
in each university.

The proposed model can easily be adapted and applied to different contexts and, there-
fore, they can be of great interest for the improvement of quality at universities. The results
were validated but are conditioned in each university by its standard of satisfaction values.
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Abstract: The use of Moodle quizzes as a continuous assessment and an integral part of the edu-
cational methodology in higher education has been analyzed in a case study of physical chemistry
subject. Two types of quiz designed with different item types and different settings, called basic
quiz (BQ) and thematic block quiz (TBQ), were elaborated making use of a question bank with more
than 450 items. BQ has true/false items, while TBQ has randomly mixed items (multiple choice,
numerical and matching). The effect of the type of quiz on the student scores is analyzed according
to statistical and psychometric data such as the degree of participation, the facility index and the
discrimination index of each item, and the average score, calculated according to the classical test
theory. This allows us to discern which type of quiz has an enough quality to use it as an assessment
tool. Moreover, the effect of this educational activity, developed during the last six academic years
from 2014 to 2020, just before of the pandemic situation, is evaluated considering the scores of the
students in the Ordinary Calls of exams and comparing them with previous courses taught with
a traditional education based on master classes. The statistic results indicate that TBQs are more
discriminative than BQs and could be used as an assessment tool, while BQs could be only useful
as formative activity. Moodle quizzes turn out to be a reliable strategy for learning of contents in
scientific matter, with a high participation in the knowledge tests, with good marks in the average
score and a greater number of pass degrees in the Ordinary Calls.

Keywords: moodle quizzes; continuous assessment; statistical analysis; physical chemistry

1. Introduction

The adaptation of the subjects of any graduate degree to the new European Space for
Higher Education, where new capacities and abilities are evaluated in students, implies a
significant change in the traditional teaching methodology that has been developed, mainly
as master classes. This change in the pedagogical model of teaching–learning is in turn
conditioned and reinforced by the new model of current digital society and by the new
information and communication techniques available in any space-time framework [1,2].
The availability of information on everyday electronic devices such as smartphones or
tablets, in addition to the connectivity of user groups to the internet, allows establishing
other more active work dynamics, giving to the student a greater participation in the
teaching–learning process of a subject [3].

The studies carried out to evaluate the global impact of the use of technology on
student performance are not conclusive, yielding different results [4,5] given that these
teaching researches may depend on other factors not identified in the analysis itself, such as
the educational method or strategy [6] that is carried out through the electronic medium, or
the student’s commitment to the learning methodology [7]. However, these multimedia and
interactive technologies can be of great help in offering quality comprehensive education [8]
based on current computer tools that facilitate cognitive learning processes and reinforce
the capacities of abstract reasoning and study of a specific subject, in addition to complete
the traditional forms of learning [9].
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Different teaching methodologies integrate the technological devices in the educational
environment such as the blended-learning [10–12] and gamification [13–15]. Blended-
learning, b-learning, combines face-to-face lessons in the classroom, required for any
subject in university study plans, and virtual training teaching activities through learning
platforms, while the gamification techniques try to create similar experiences to those
experienced when playing games in order to motivate and engage users. Both method-
ologies profit from the presence of the teacher as a transmitter of knowledge and guide
of educational activities and from the communication technology that facilitates indepen-
dent and collaborative learning. In particular, b-learning has been applied in subjects
from different areas of knowledge such as education sciences [12], natural sciences [16],
economics [9], engineering [7], etc. as a proposal for European convergence, given that
it allows the student’s noncontact work hours to be completed with virtual activities, as
established in the new university teaching guides for the convergence of the European
Space for Higher Education.

Moodle platform [17] is a virtual learning environment that offers very attractive
functionalities from the pedagogical point of view by promoting the philosophy of con-
structivist social education [18,19], and where the subjects can be accommodated with
easy handling, at the editing and user level by teachers and students, respectively. In
this virtual environment, teaching resources of different characteristics can be included,
such as links to web pages, chats, forums, messages, and other specific documents like
notes, tutorials and question relationships elaborated by the teacher. Moreover, it offers
the possibility of carrying out online activities through quizzes, which could allow the
continuous assessment of students’ learning. A great variety of quizzes can be designed
with different item types and settings, but not all quizzes can differentiate the skills and
competences of student, and thus, they could not be used as assessment tools. The quality
of these quizzes can be analyzed by statistical and psychometric data reported by Moodle
platform [20,21].

Concerning evaluation methods by using online quizzes, there are studies in diverse
disciplines such as engineering, biology, medicine and the social sciences [22–24]. Al-
though, there are some objections to the implementation of such systems related to the
confidentiality of the identity of the student, the use of the information and its possible
impact on the educational process [25,26]; these offer some advantages such as the efficient
management of results in a huge students’ group, the speed by which the evaluation
can be performed, and the save of paper [27]. However, the design of quizzes must be
adequately elaborated in order to be used as an assessment tool. Two important points
must be considered in the design, such as the writing of different questions using different
item type and the own quiz settings. The statistical and psychometric data derived from a
particular quiz can a great help us know the quality of the quiz. There are some studies
regarding the analysis of information generated from test-type quiz evaluations in other
scientific subjects [20,21,28–30], yielding how such results could be useful for professors
and students. No statistical and psychometric studies on physical chemistry quizzes have
been found in the bibliography.

In this work, two types of Moodle quizzes are designed in physical chemistry subject.
The main objective is to establish which type of quiz can be used as an assessment tool on
the basis of statistical and psychometric data. Here, it highlights how Moodle statistics can
be used to measure the effectiveness and reliability of a quiz. In addition, the effect of these
online activities on the final scores of the students are compared with those obtained in a
traditional education.

2. Materials and Methods

The research is designed in three stages: first, the student population was surveyed by
a brief poll to inquire about their entry into the university; second, the students answered
the quizzes during the teaching semester; and finally, the statistical and psychometric
parameters of the quizzes was analyzed on the basis of the classical test theory [31–33]
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(See Supplementary Materials). A brief survey is carried out at the end of the teaching
period to know the opinion of the students about this experience. The scores obtained in
the two Ordinary Calls of exams are compared with those obtained in previous courses
where the teaching methodology corresponds to a traditional education based exclusively
on master classes.

This research is performed in the general physical chemistry subject during six years,
from the 2014–2015 to the 2019–2020 academic years, just before of the pandemic situation.
This matter is included in the Basic Module of the Degree in Chemistry at the University of
Málaga. It consists of six theoretical credits, and it is taught during the first semester of the
first year of the degree.

This subject was chosen because it is a difficult matter for novel students in the Degree
of Chemistry. It includes themes like thermodynamic, electrochemistry and kinetics that
are the starting point of other physical chemistry subjects in higher courses, in which a
significant dropout of students has been detected. Thus, it seems convenient to apply a
new educational methodology, or new activities using technological devices, in the first
course in order to consolidate and strengthen the basic concepts of this matter.

2.1. Sample

The average number of students in general physical chemistry was about 80 students
during the last academic years, with a parity proportion of men and women in the last four
years. All students can freely participate in the quizzes as a unique experimental group.
No specific sampling method and no control group is established with the aim that all
students were evaluated in a homogenous way so that there are no discrepancies in the
final evaluation.

It was not possible to perform a similar study in other courses or scientific areas, even
in other degrees, because there were no other teachers implied in the project using a similar
educational strategy with Moodle quizzes. Although this sample is not representative of
the higher education context, the similar results obtained in this experience along different
years with different students population point out that it would not be expected to see
significant changes in another similar scientific scene, giving probably a similar trend.

At the beginning of the course, a brief survey is carried out to explore the admission at
the university, such as academic background on chemistry knowledges and the enrollment
in the degree. Considering an average of the last six academic years, practically all the
students, 86–88%, are 18 years old, and the rest, 11–12%, are in the range of 21 to 25 years
old, which could probably be due to repeaters in the secondary or bachelor cycle, or
students who come from other degrees. Most of the students, 86–95%, have studied a
chemistry subject during high school, but it should be noted that about 4–5% of students
have not studied any chemistry subject in any official degree before to their admission to
the university, although they indicate that they have basic knowledge of chemistry. Only a
small proportion, 1–2%, have no knowledge of chemistry. Moreover, a high proportion,
around 70–85%, has enrolled in the Chemistry degree because it is their vocation, being
the first option in university pre-registration. Only 12–25% of students recognize that it is
not their vocation and it has not been the first option in the university pre-registration. In
addition, this degree was not the first choice of about 1–2% of students, but it was the only
option for their admission to the university.

2.2. Development of the Experience: Didactic Strategy

Within the Moodle platform, a question bank has been created and divided into
five thematic blocks that involve all topics of the teaching program (Table 1). Each block
has more than 50 questions or items, even over 100 items in the cases of the Matter and
Thermodynamics blocks. The question bank has over 450 items belonging to four types of
Moodle questions: true/false, multiple choice (with multi-responses and single response),
matching and numerical. All these items were elaborated according to the scientific
competencies required for passing this subject.
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Table 1. Teaching program of the general physical chemistry subject developed in eleven lessons and distributed in five
thematic blocks. Available at https://oas.sci.uma.es:8443/ht/2020/ProgramasAsignaturas_Titulacion_5004_AsigUMA_51
635.pdf (accessed on 22 July 2021).

Theme Brief Description of the Topic Thematic Block N◦ Moodle Items

1
2
3

The matter: Laws of chemical combination
Gaseous state

Liquid and solid states

1. Matter (102 items)
27 True/False

53 Multiple choice
9 Matching

10 Numerical

4
5

Solutions
Colligative properties of solutions

2. Solutions (98 items)
34 True/False

49 Multiple choice
6 Matching
9 Numerical

6
7
8

Zeroth Law and First Law of Thermodynamics
Second and Third Law of Thermodynamics

Chemical equilibrium

3. Thermodynamics (122 items)
31 True/False

62 Multiple choice
14 Matching
15 Numerical

9
10

Electrolytes and electrolytic solutions
Electrochemistry: electrolytic and galvanic cells

4. Electrochemistry (84 items)
20 True/False

50 Multiple choice
7 Matching
7 Numerical

11 Kinetics chemistry 5. Kinetics (53 items)
13 True/False

29 Multiple choice
2 Matching
9 Numerical

The set of items is classified, in turn, into two categories, one with the questions
that collect the basic knowledge of the subject, while the other contains more elaborate
questions, in order to check the skills and abilities of the students in practical reasoning
about physical chemistry. In this way, two types of quiz are developed. First, a “basic” quiz
(BQ) is proposed for each of the eleven topics. It consists of ten true/false type items, with
a time limit of one hour. The BQ contains the same questions for all students and is active
for a period of one week after finishing the topic in class. Second, another type of “thematic
block” quiz (TBQ) is proposed corresponding to each of the five thematic blocks, which are
made up of several topics in the teaching program, except those dedicated to chemistry ki-
netics (see Table 1). It has ten items of different type (multiple choice, numerical, matching)
chosen at random from a category of question bank, so it is practically an individual and
different test for each student. The multiple choice items have a particular characteristic,
the correct/incorrect answers score positively/negatively, with a proportional value to the
number of item options. These quizzes are held in a scheduled day.

In both types of quizzes, each item has the same statistical weight of 10% in the final
mark. All quizzes are performed outside the classroom and have a delayed feedback; that
is, the correct answers can be only checked once the test is over for all students. All these
activities are carried out continuously throughout the semester according to the physical
chemistry program.

All students were informed about the characteristic of Moodle quizzes and how the
platform works before doing the activities. In this way, any bias factor due to students’
attitudes towards technology along the time would be diminished.

3. Results and Discussion

3.1. Participation in the Quizzes

There is a high participation during the last six academic courses (Figure 1), higher
than 50% in any BQ or TBQ quizzes, with the exception of the last BQ carried out in the
2017–2018 academic year with a participation of 40%.
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Figure 1. Participation in basic (BQ) and thematic block (TBQ) quizzes during the last six academic years. Own elaboration
based on this study.

A detailed analysis by academic year allows us to know the dynamics and evolution
of the participation. The participation falls down in the last quizzes, being always slightly
lower than the first ones. This decrease is more striking in the 2016–2017 and 2017–2018
academic years, which go from approximately 85% and 75% in the first BQ to 60% and
40% in the last quiz, respectively, while it goes from 85% and 70% to 60% and 55% in the
TBQs, respectively.

The general trend is a progressive decrease in participation throughout the semester in
any academic year. This is due to several factors, such as possible changes in the enrolment
of the subject given that some students are waiting for a possible change to another degree
at the beginning of the course, and this process does not materialize until after a month,
but in the meantime, they have been taking the quizzes. Moreover, mid-semester partial
exams of other matters are held, so students are immersed in the study of other subjects
and end up not doing the quizzes, either because the time has passed to do it, or because
they have not studied. Additionally, at the end of the semester, a large number of students
have decided to drop out of the degree in chemistry and are not involved in the training
activities. The dropout rate in this first-degree course is approximately 20–25%. In the
initial survey of the class, 25% of the students consider that the degree in chemistry is not
their vocation and it was not their first option in the university pre-registration.

3.2. Statistical and Psychometric Data of the Quizzes and Each Item

The results provided directly by the Moodle platform (https://docs.moodle.org/
dev/Quiz_statistics_calculations (accessed on 22 July 2021)) [20,21] have been analyzed
and calculated according to the classical test theory [32,33]. Supplementary Materials
summarize the definition of psychometric parameters. Tables 2 and 3 collect, for each quiz,
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statistical data such as the average score, the standard deviation (SD), the range of correct
answers (maximum and minimum percentage), also called the facility index (FI), and the
asymmetry in the distribution of the scores, also called bias, together with the internal
consistency coefficient (ICC), or Cronbach’s alpha, which gives an idea of the quality of the
tests and allows to recognize if the whole exam is homogeneous.

Table 2. Statistical data corresponding to the eleven basic quizzes (BQ) in different academic years.

2014–2015 2015–2016

BQ
FI

(%)
Average Score

± Error
SD
(%)

Bias
ICC
(%)

FI
(%)

Average Score
± Error

SD
(%)

Bias
ICC
(%)

1 68–94 8.24 ± 1.20 24.36 −1.29 78.85 31–95 6.98 ± 1.43 21.34 −0.28 54.55
2 78–97 9.04 ± 0.80 16.50 −2.90 76.50 83–97 9.35 ± 0.63 13.40 −2.38 74.30
3 88–98 9.47 ± 0.65 10.26 −2.20 59.52 80–100 9.24 ± 0.76 12.94 −1.90 65.23
4 86–97 9.11 ± 0.79 15.66 −2.38 74.45 85–100 9.46 ± 0.66 9.50 −2.18 50.73
5 90–99 9.41 ± 0.61 14.89 −2.99 82.97 90–98 9.44 ± 0.65 12.04 −2.33 70.83
6 81–95 8.36 ± 0.78 21.20 −2.50 86.40 15–97 8.48 ± 0.73 17.90 −2.62 83.60
7 71–100 9.22 ± 0.59 10.50 −1.66 67.90 47–97 8.53 ± 0.73 15.40 −2.86 77.60
8 85–98 9.36 ± 0.66 13.90 −2.46 77.30 93–97 9.56 ± 0.53 13.20 −5.47 84.00
9 95–100 9.77 ± 0.45 6.80 −3.38 56.40 89–98 9.62 ± 0.56 9.10 −2.93 62.30

10 80–92 8.46 ± 0.85 20.80 −2.08 83.50 37–90 6.51 ± 0.10 27.80 −0.54 84.70
11 93–100 9.68 ± 0.48 10.00 −5.42 76.90 58–100 8.93 ± 0.89 10.50 −1.38 27.80

2016–2017 2017–2018

BQ
FI

(%)
Average Score

± Error
SD (%) Bias

ICC
(%)

FI
(%)

Average Score
± Error

SD
(%)

Bias
ICC
(%)

1 81–98 9.35 ± 0.78 13.07 −2.85 64.11 84–98 8.93 ± 0.88 19.54 −2.07 79.34
2 85–100 9.54 ± 0.63 8.30 −2.09 42.50 87–98 9.38 ± 0.63 14.80 −2.78 81.60
3 97–100 9.86 ± 0.37 3.50 −2.10 −15.84 74–98 9.01 ± 0.85 14.09 −1.53 62.9
4 77–100 9.25 ± 0.73 13.16 −1.98 68.83 87–96 9.22 ± 0.75 14.19 −1.83 71.78
5 91–98 9.63 ± 0.53 10.03 −3.47 72.16 85–98 9.04 ± 0.78 17.62 −1.78 80.33
6 52–95 8.48 ± 0.88 21.30 −2.11 82.90 77–98 8.66 ± 0.82 23.60 −1.96 87.90
7 62–100 9.11 ± 0.68 10.30 −1.24 56.00 83–100 8.98 ± 0.71 16.80 −1.76 82.10
8 86–96 9.10 ± 0.82 14.70 −1.75 68.70 92–98 9.48 ± 0.64 11.60 −2.20 70.10
9 82–100 9.35 ± 0.72 10.90 −1.71 56.10 91–100 9.53 ± 0.62 10.00 −2.49 61.30

10 51–94 7.73 ± 1.02 27.00 −1.39 85.80 74–97 8.36 ± 0.79 25.00 −1.90 90.10
11 88–100 9.55 ± 0.60 9.60 −2.96 60.80 82–100 9.43 ± 0.68 10.10 −1.53 54.90

2018–2019 2019–2020

BQ
FI

(%)
Average Score

± Error
SD (%) Bias

ICC
(%)

FI
(%)

Average Score
± Error

SD
(%)

Bias
ICC
(%)

1 81–100 9.16 ± 0.78 18.01 −2.36 80.85 95–65 8.59 ± 0.89 21.37 −1.57 76.43
2 90–97 9.54 ± 0.59 11.10 −2.90 71.50 99–89 9.34 ± 0.67 12.40 −2.38 66.50
3 93–98 9.65 ± 0.53 8.88 −2.90 64.26 93–100 9.46 ± 0.62 10.81 −2.72 62.93
4 89–97 9.47 ± 0.64 11.37 −2.64 68.22 86–97 9.26 ± 0.61 16.98 −3.36 84.93
5 93–100 9.48 ± 0.61 12.41 −2.77 76.22 91–100 9.52 ± 0.52 13.70 −3.21 84.02
6 82–97 8.88 ± 0.79 22.40 −2.26 87.60 75–99 9.05 ± 0.65 16.20 −2.07 80.30
7 96–100 9.83 ± 0.31 7.50 −5.40 82.90 85–97 9.25 ± 0.53 15.70 −2.40 86.30
8 92–100 9.69 ± 0.53 7.50 −3.05 50.50 93–100 9.79 ± 0.42 6.20 −4.47 51.90
9 92–100 9.83 ± 0.39 5.00 −3.96 40.50 84–100 9.45 ± 0.55 13.90 −3.56 81.80

10 60–100 9.29 ± 0.50 10.80 −4.08 78.70 70–98 9.05 ± 0.59 18.90 −3.26 87.70
11 50–100 8.24 ± 0.96 11.90 −0.54 34.90 93–100 9.90 ± 0.31 3.60 −3.80 25.50

FI (Facility Index); SD (Standard Deviation); ICC (Internal consistency coefficient, Cronbach’s alpha). Own elaboration based on this study.

The average score of any BQ in any academic year is high, between remarkable and
outstanding (6.51 for BQ-10 and 9.83 for BQ-7 in the 2015–2016 and 2018–2019 academic
years, respectively), with a high percentage of correct answers in each quiz that ranges from
70% to 100%, except in the 2015–2016 academic year where a minimum success rate of 15%,
47% and 37%, was obtained in the BQ-6, BQ-7 and BQ-10, respectively, which correspond
to the two most difficult topics to assimilate: thermodynamics and electrochemistry. This
large range in the correct answers yields an asymmetric distribution with a negative bias
greater than −1 in all academic years. That indicates the lack of discrimination among
those students who do better than the average ratio, and it is due to the fact that most of
the items are classified as basic knowledge, and also to the type of question (true/false)
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which shows a random response of 50%. The standard deviation is practically around 20%,
except in some cases with a slightly higher value, between 22 and 28%, in those quizzes
corresponding to the topics of thermodynamics and electrochemistry.

Table 3. Statistical data corresponding to the five thematic block quiz (TBQ) in different academic years.

2014–2015 2015–2016

TBQ
FI

(%)
Average Score

± Error
SD (%) Bias

ICC
(%)

FI
(%)

Average Score
± Error

SD (%) Bias
ICC
(%)

1 62–76 6.93 ± 1.57 20.20 −0.76 39.60 53–78 6.36 ± 1.66 17.70 −0.49 12.40
2 52–69 6.08 ± 1.66 19.00 −0.14 23.40 50–64 5.74 ± 1.68 21.60 0.17 39.60
3 48–53 5.16 ± 1.62 20.90 −0.30 39.80 48–58 5.18 ± 1.59 21.60 −0.09 45.40
4 34–52 4.48 ± 1.63 25.30 −0.13 58.70 39–66 5.30 ± 1.64 22.60 −0.24 47.50
5 28–51 3.93 ± 1.70 21.90 0.18 40.00 38–54 4.70 ± 1.68 24.30 −0.37 52.20

2016–2017 2017–2018

TBQ
FI

(%)
Average Score

± Error
SD (%) Bias

ICC
(%)

FI
(%)

Average Score
± Error

SD
(%)

Bias
ICC
(%)

1 61–81 6.97 ± 1.55 19.80 −0.58 38.60 62–74 7.01 ± 1.52 21.60 −0.78 50.40
2 61–76 5.80 ± 1.57 18.50 −0.72 28.20 50–64 5.23 ± 1.72 21.50 −0.66 35.90
3 40–60 5.23 ± 1.62 22.90 −0.03 50.00 42–61 5.14 ± 1.62 23.70 −0.07 53.10
4 48–66 5.86 ± 1.68 22.40 −0.30 43.80 46–76 5.82 ± 1.65 21.40 −0.73 40.40
5 42–64 5.68 ± 1.67 19.40 −0.35 26.50 50–73 5.88 ± 1.57 23.10 −0.33 54.10

2018–2019 2019–2020

TBQ
FI

(%)
Average Score

± Error
SD (%) Bias

ICC
(%)

FI
(%)

Average Score
± Error

SD (%) Bias
ICC
(%)

1 55–78 6.81 ± 1.57 19.50 −0.64 35.50 61–75 6.99 ± 1.09 19.4 −1.02 35.40
2 51–70 6.24 ± 1.65 20.60 −0.50 35.20 50–68 6.00 ± 1.00 21.0 −0.28 38.40
3 43–58 5.15 ± 1.67 19.40 0.07 25.70 49–57 5.31 ± 0.86 22.3 −0.51 46.50
4 41–62 5.32 ± 1.76 16.80 0.03 −10.30 49–65 5.73 ± 0.93 19.9 −0.07 32.30
5 44–56 4.96 ± 1.69 18.70 0.02 18.30 43–56 4.95 ± 0.81 20.6 −0.48 36.50

FI (Facility Index); SD (Standard Deviation); ICC (Internal consistency coefficient, Cronbach’s alpha). Own elaboration based on this study.

The ICC in most quizzes at any academic year is higher than 65%, the minimum
value proposed as indicator of an overall homogeneity of the quiz [34]. However, in some
cases, values lower than 65% have been obtained, for example in the BQ-3 and BQ-9 in the
2014–2015 academic year, even significantly lower values of 27.80% in the BQ-11 of the
2015–2016 academic year or even negative values of −15.84% in the BQ-3 of the 2016–2017
academic year. These results show the limitation of this parameter in considering that the
quiz measures with the same precision all the students evaluated when it really depends
on the level of each student and, ultimately, on the population used to calculate it.

Moreover, the dispersion of the IF and the discrimination index (DI) for each item of
any quiz have been analyzed in order to know the item effectiveness to discern between
students with different cognitive ability (Figure S1, left). Most of the questions have an ad-
equate discrimination, with a DI above 30%. A more detailed analysis of the discriminative
efficiency (DE) for any item of the different BQ (Figure S2) shows that the effectiveness
of the items depends on the academic year and, therefore, on the student population.
For example, in the academic year 2015–2016, all items of the BQ1 do not reach 30% of
DE, while in the 2018–2019 academic year, they are all above 30%. The same behavior
has been found in other items corresponding to other quizzes. Therefore, the same item
may or may not be discriminatory for a population of students depending on the level of
knowledge they have, and therefore, questions that have a low DI should not be discarded.
It is concluded that quizzes made only with true/false items serve as continuous training
activities in the teaching–learning process of a matter, not being feasible as assessment
activities because they are not discriminatory for students.

Different results are obtained for the TBQs (Table 3). The average score drops signifi-
cantly with respect to the BQ quizzes, from 5.16 in the TBQ-3 of the 2014–2015 academic
year to 7.01 in the TBQ-1 of the academic year 2017–2018, even in some cases reaching
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values of 3.9 or 4.5 in the TBQ-4 and CBT-5 of the 2014–2015 academic year, for example.
Moreover, the FI index drops significantly and ranges from 28% in the TBQ-5 of the 2014–
2015 academic year to 81% in the TBQ-1 of the 2016–2017 academic year, but in no case
does it reach 100% in any of the items in any quiz. The dispersion in the average scores
oscillates around 20%, being slightly high in the last three CBTs of certain academic courses.
The asymmetry of the distribution in the scores, the so-called bias, is still negative, but
now with a value lower than −1, reaching a slightly positive value and with an almost
symmetric distribution, with a bias close to zero in the last three quizzes of the 2018–2019
academic year with a value between 0.07 and 0.02.

As a general trend, the bias in the first two quizzes, TBQ-1 and TBQ-2, is somewhat
higher than in the rest of the TBQ-3, TBQ-4 and TBQ-5 ones that have a bias close to zero.
This indicates that the topics corresponding to the first two blocks are better assimilated
than the rest of the topics corresponding to the blocks of thermodynamics, electrochemistry
and kinetics. This effect is probably due to the fact that the first topics are already studied
in the bachelor grade, while the topics of the last blocks are totally new, which means an
effort in learning process.

Therefore, these TBQs are more discriminative between students than BQs, that is,
here the cognitive abilities of each student are tested. The FI-DI scatter diagrams are shown
in Figure S1 right. Although a low DI value is obtained due to the random characteristic of
the quiz, the detailed analysis of the FI-DI diagrams for all items in any TBQ (Figure S3)
reveals that most of items are discriminative with a DI value above 30% and with a wide
range in the FI. However, the ICC is always lower than the reference value of 65% [34].
This is because the items of the quiz have been randomly selected by the Moodle platform
and show different questions for each student.

3.3. Students’ Opinion on the Educational Activities

A survey was performed among the students to find out their opinion on these two
types of virtual quizzes. It is a short survey with only eight statements, four for each type of
quizzes, in which students have to answer YES or NO to the proposed statement. Although
this questionnaire was not contrasted by the scientific community and its experimental
validity was not demonstrated, it only tries to show the students’ opinion on Moodle quiz
activities in few ideas. Table 4 shows the average values obtained in the BQ and TBQ,
respectively, during the last six academic years. These average values practically coincide
with those obtained for each academic course; therefore, the students’ opinion about how
they apperceive the virtual quizzes, practically, does not change with the years.

Table 4. Students’ opinion on the BQ and TBQ. Average results of the last six academic years. Own elaboration based on
this study.

Statements Responses (Average Values)

Basic Quizzes (BQ) YES NO NK/NA

1.- The difficulty of the question in these quizzes has been
adequate for a basic level 89.9% 5.4% 4.7%

2.- The time limit of one hour is sufficient to take the quiz 89.2% 5.4% 5.4%
3.- The quizzes allow you to study the subject continuously 59.4% 32.4% 8.2%

4.- The quizzes are used for self-evaluation of the subject and
know the level of knowledge acquired 67.6% 27.1% 5.3%

Statements Responses (Average Values)

Thematic Block Quizzes (TBQ) YES NO NK/NA

1.- The level of difficulty of these quizzes is higher than that of the
basic ones 91.9% 5.4% 2.7%

2.- The time limit of one hour is sufficient to take the quiz 51.3% 45.9% 2.8%

3.- These quizzes carried out on dates programmed allow you to
study the topics before evaluation 62.1% 35.1% 2.8%

4.- These quizzes serve to strengthen the acquired knowledge 59.4% 37.8% 2.8%
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Regarding BQ, most of the students, about 90%, tell that the difficulty of the items is
adequate for a basic level and the time of one hour is more than enough. These BQs help
a lower percentage 60% to study the matter continuously, while the rest, 30%, think that
they do not study continuously, even though they have to do the online quizzes. However,
the BQs serve as a self-assessment of the knowledge acquired in class for almost 70%.
Only 5–8% of students do not know or do not answer (NK/NA) to each of the proposed
statements. The results obtained for the TBQs are a little bit different.

Regarding the TBQ, practically all students, 92%, say that the level of difficulty in
these quizzes is greater than that of the BQ. This was predictable because one of the goals
of these TBQ was to measure the level of abstract reasoning and assimilation of theoretical
concepts. Only 50% of the students say that time limit of one hour is sufficient. On the
other hand, these quizzes scheduled in fixed days allow more than 60% of students to
study the days before doing the test. This fact consolidates the knowledge acquired in the
classroom. Only 3% of the students answer NK/NA to the proposed statements.

In short, both types of quiz fulfill the goal of favoring a continuous study of the matter
along the semester, avoiding the general trend to study only the days before the written
exam. Moreover, all these educational activities into an electronic environment promote an
online-accessible medium for the student that serves as a self-assessment of the level of
knowledge acquired.

3.4. Final Scores in General Physical Chemistry

Figure 2 shows the final scores in the matter of general physical chemistry correspond-
ing to the two Ordinary Calls of exams (February and September), between 2011 to 2014
courses following a traditional teaching methodology, and between 2014 to 2020 courses
following the new methodology with quizzes.

In the first Ordinary Call (February), a slight decrease in the percentage of students not
presented and also in that of failed following the new methodology is observed. However,
it is interesting to note the increase in the number of passes, not only with the minimum
score but also with remarkable, outstanding and even honors (H) in the last five academic
years, highlighting the academic year 2016–2017 where the percentage of outstanding is
higher than in the rest of the courses.

In the second Ordinary Call (September), the percentage of students not presented
remains almost constant in all the courses developed with the methodology based on
quizzes and is practically the same as that of the first courses taught with the traditional
methodology. There is not much variation in the percentage of failures and approved
following one methodology or another, except in the last academic year 2019–2020, in
which the number of not presented decreases while the number of approved increases. In
this September call, there is a low percentage of outstanding students and the absence of
scores above the remarkable following the new methodology with quizzes.

These online education activities help not only students with high cognitive capacity
to attain good scores but also those with a medium level to pass the exam in the first call
of February. The percentage of students that remain for the second call in September are
really those who have not assimilated the physical chemistry knowledge and those who
find it difficult to make scientific reasoning or deductions.
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Figure 2. Scores of General Physical Chemistry in Ordinary Calls of exams. Own elaboration based on this study.

4. Conclusions

The use of Moodle quizzes, as online activities, favors the implementation of a different
educational methodology in the subject of general physical chemistry of the Degree in
Chemistry. However, not all quizzes can be used as assessment tools given that the item
type and the quiz settings play an important role. In this work, two different types of quiz
are proposed, basic (BQ) and thematic block (TBQ). BQ has only true/false items and these
are the same for all students, while TBQ has multiple choice, matching and numerical items
that are randomly selected from a category of the question bank.

Statistical and psychometric data provided by Moodle platform were analyzed. Most
of items show a discrimination (DI) and facility (FI) index according to the proposed
Moodle reference range. The FI-DI dispersion graphs, together with the average scores
and the bias values, show the different quality of the two types of quiz. The BQs can be
used as formative teaching activities because they have not enough evaluative quality to
distinguish the different capacities and abilities of students, yielding in any quiz higher
average scores and FI values, and also a large negative bias. TBQs are more discriminative,
showing lower values of both FI and average scores, with a bias near to zero value, and
thus, these can discern competencies and skills among students, so they could be used as
assessment tools. As a conclusion, the true/false item must not be used as evaluative item.
In the future, it is necessary to study how each type of item (multiple choice, numerical and
matching) contributes individually to the final scores of the quiz in a similar performance.
This would allow us to select the best type of item to use it in a particular assessment quiz.

Although the methodology applied is weak, the performance developed along the
years indicates that TBQs work quite well to evaluate the physical chemistry knowledge
and the different capacities of students, independent of the student population, and it
could even be extrapolated to other similar scientific scenes.
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The analysis of statistic data in TBQs, like FI index, allow the teacher to know the
topics that were not well understood by the students and gives a feedback on learning
process of the students. Moreover, these quizzes work as a self-assessment for the students,
providing them a better preparation for the written exam. The performance of these
quizzes has not supposed an excessive workload for the students, allowing improved
scores obtained in the first Ordinary Call of February, unlike those obtained following a
traditional methodology in previous courses.

In few words, the Moodle statistics point out that a particular quiz has assessment
quality if the bias is symmetric, around zero value, and the range of FI and DI is about
40–70%. This feature can be obtained using a huge question bank with the aim to perform
a random quiz. Mixed items (multiple choice, numerical and matching) also contribute
to achieving a quiz in which different skills and abilities of physical chemistry have been
inquired. In addition, the similar results obtained in this experience along the years, with
different students’ population, would also prove the validity and reliability of the designed
quizzes. This study shows how the analysis of statistical and psychometric parameters
allows checking if the design of an educative activity based on Moodle quizzes can be used
as an assessment tool to evaluate the skill and competences of a particular subject along
the semester.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/educsci11090500/s1, Definition of psychometric parameters, Figure S1: FI-DI diagrams
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(true/false) of each BQ, Figure S3: FI-DI diagrams of the different items in each TBQ.
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Abstract: Assessment methods are important to create qualified graduates who are ready to face the
real world. Authentic assessment is considered to be the most effective method to achieve this. The
application of authentic assessment is often universal. However, there is a difference between natural
sciences and social sciences. If it is used for different scientific constructions, then the authentic
assessment should also be different. Therefore, there is a need for authentic implementation research
in these two fields of science. This research is survey research with quantitative descriptive method.
This study focuses on the analysis of differences in implementation of the assessment carried out,
assignment techniques, assessment components, and post-assessment at the State University of
Malang in two different fields of science, namely natural sciences and social sciences. The population
in this study was 1069 lecturers represented by 270 sample lecturers. There are 106 (39.26%) samples
of lecturers representing 388 (36.3%) lecturer populations from 2 natural fields and 164 (60.74%)
samples representing 681 (63.7%) lecturer populations from 6 social fields. The analysis is carried
out by comparing the results of each aspect of the assessment implementation in the two fields.
Almost all aspects of authentic assessment between the natural and social sciences had no difference.
The only differences were in the assessment form and individual assignment techniques that were
performed. Social science conducted non-test assessment only higher than the natural science.
Measured tests were primarily used in the natural science using Higher-Order Thinking Skills
questions. Performance test was mostly conducted in social science.

Keywords: authentic assessment; education evaluation; natural science; social science

1. Introduction

The world is developing very rapidly. This causes the education world to evolve very
quickly too. Students are not only required to understand and memorize but also able
to analyze critically and practice well in the real world. In addition to the teaching and
learning condition factors, the assessment method factor is essential to create qualified
graduates who are ready to face the real world [1,2]. Authentic assessment is considered to
be the most effective assessment method to achieve this.

The selection of authentic assessment over traditional assessment is based on the
advantages of it. Moreover, there are several differences between authentic and traditional
assessment. The traditional assessment is product oriented, while the authentic assessment
is process oriented. It means that traditional assessment used to evaluate the subject knowl-
edge by comparing it against standards or other learners. While authentic assessment aims
to evaluate the subject proficiency by asking them to perform real-life tasks. Based on this
purpose, an authentic assessment has an advantage in which it provides a true picture of
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the students’ learning conditions, gives more information about students’ strengths, weak-
nesses, needs, and preferences that can assist in adjusting instruction toward improving
learning activities.

Moreover, authentic assessment is regarded as a better and real approach in the as-
sessment. This approach associates learning in real and quite complex situations and
contexts [3–5]. The assessment is based on student practice in the real world [6,7] that
cannot be done by traditional testing. Traditional testing cannot explore real changes in
student knowledge. On the other hand, an assessment approach that emphasizes the learn-
ing process and encourages students to carry out cognitive and reflective activities follows
the constructivist concepts. In contrast, authentic assessment reflects these alternative
assessment techniques. This assessment is based on authentic learning assignments and
not a separate test and focuses as much on the process, as is the product [4]. Authentic
assessment requires skills implementation that is needed in the classroom and the uti-
lization to support further learning [8,9]. In this assessment, students demonstrate their
skills toward an attitude in a real-life context and are assessed based on this fundamental
performance [10].

The authentic assessment shows the application of specific student skills and assess-
ments and focuses more on problem-solving, understanding, critical thinking, reasoning,
and metacognition. Therefore, students are expected to handle meaningful material and
problem solving through authentic assessment [11]. In other words, authentic assessment
requires students to use prior knowledge, current teaching, and skills to solve real and
complex problems. For example, students can create projects on their chosen topic, prepare
research reports, and present their final products to evaluators [9]. On the other hand, re-
search of [12] provided evidence that collaborative concepts in the peer assessment process,
self-assessment, and assessment conducted by lecturers provide valid and authentic data
on student performance.

The application of authentic assessment is often formulated into universal terms even
though there is a difference between natural science and social science. The social and
natural sciences tend to approach the question of truth and objective reality in different
manners. Social science emphasizes that all human representations of reality are contingent
constructs; some will even argue against it and feel it is meaningless to talk about the
objective reality [13]. Meanwhile, natural sciences often visualize and conclude an accurate
and realistic representation. The difference between constructivism and realism tends
to lead to different positions [14,15]. The main interest in these two disciplines is very
different. Natural or natural science predicts and manifests all-natural phenomena, whereas
social science predicts and explains human behavior and psychology [16]. If scientific
construction is different, the authentic assessment should also be different. Therefore,
research is needed on the implementation of authentic assessment in these two fields of
science, so that the future authentic assessment is no longer considered something universal
but having different implementations between natural science and social science. This
study aims to explore the facts of authentic assessment implementation in two fields of
science: social and natural sciences, to clearly described the authentic assessment.

The subjects of this study were lecturers in eight faculties at the State University of
Malang. The classification of social science and natural science is seen through the criteria
for new student admissions in Indonesia, several faculties are included in the classification
of social sciences and humanities such as the Faculty of Education, Faculty of Letters,
Faculty of Economics, Faculty of Social Sciences, Faculty of Sports Science, and Faculty of
Psychology Education. Meanwhile, those classified into natural sciences are the Faculty of
Engineering and the Faculty of Mathematics and Natural Sciences.

The novelty of this research is that there is a comparison between the implementation
of authentic assessments in two major fields of science, namely natural and social science
for all Higher Education Institutions that use a life-based learning approach (LBL) which
aims to develop student capacity holistically. Previous research has discussed more about
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approaches and differences in scientific context, has not discussed the implementation of
authentic assessments carried out in these two fields.

2. Research Methods

This research was survey research with quantitative descriptive method. This study
focused on the elaboration of lecturers on the performed assessment, assignment tech-
niques, assessment components, and post-assessment of authentic assessment at the State
University of Malang as an educational provider institution for prospective educators in
two different fields of science, natural science and social science.

The population and samples are adjusted to the scope and objectives of the research.
The population is the entire research subject [17,18]. The population in this study were all
lecturers of the State University of Malang. The samples were taken randomly and were
representatives of each faculty in the State University of Malang. The number of samples
was calculated using the Slovin formula [18] with the error tolerance limit of 5%.

n = N/(1 + N.(e)2) (1)

Note:

n = Total Samples
N = Total Population
e = Error Tolerance Limit

To consider the number of samples at each faculty, as seen in Table 1, the calculation
was carried out proportionally using the proportional allocation formula [19,20].

ni = (Ni/N)n (2)

Note:

ni = Total samples from each faculty
Ni = Total population in the faculty
N = Overall total population
n = Overall total samples

Table 1. Number of samples for each faculty.

Science Faculty Population Proportional Sample

Natural Science Faculty of Mathematics and Science 201 55

Faculty of Engineering 187 51

Social Science Faculty of Letter 197 53

Faculty of Economics 145 39

Faculty of Education 149 40

Faculty of Sport Science 57 15

Faculty of Social Science 105 9

Faculty of Psychology Education 28 8

TOTAL 1069 270
A Processed from 2020 UM Statistics.

Data collection using primary data was collected through a questionnaire in the
form close-ended question. The results of the study were analyzed using quantitative
descriptive based on the highest number of scores for each of the provided options and
chi-square analysis [21–23]. The scientific division in question was adjusted to the new
student registration rules which divide the faculties at the State University of Malang into
the natural and social sciences.
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The pre-research activities carried out were establishing research problems, deter-
mining the scope and limitations of the research, compiling research designs or designs,
developing research grids and instruments, validating research instruments, conducting
instrument trials, refining instruments based on test results.

In the research process, research data were collected through Google Form by dis-
tributing the link to various WAg lecturers in each faculty and institution by asking for help
from the Unit Leaders (faculty and institutions), openly to all lecturers and students at the
State University of Malang. The data were then analyzed descriptively using percentages.
Post-research activities are writing research results in the form of research articles for
publication.

The variables in this study consisted of: the assessment form, the assignment tech-
nique, the assessment component, and the post-assessment which are summarized in
12 validated questions as seen in Table 2. The results of the validation show that all
questions were valid and could be used in data collection activities.

Table 2. Item questions and instrument validation.

Indicator Code Questions Validation Result

Assessment
Form

Q1 The assessment form that is often carried
out by lecturers 1.00

Q2
If the “test” type of assessment is selected,

what you will often use is (can choose more
than one answer).

0.90

Q3 For the written “test”, the items difficulty
level given to students is 0.90

Q4 For the “non-test” assessment, an
assessment form that is often done is 1.00

Assignment
Technique

Q5 The most frequently performed individual
assignment is 0.90

Q6 The most frequently performed group
assignment is 1.00

Q7
Assessment implementation that is relevant

to current topics in the student learning
environment

0.90

Q8

Assessment implementation that is
currently being carried out helps students
gain, change or develop skills, attitudes,

ideals (ideals), appreciations (awards) and
knowledge (knowledge)

0.80

Assessment
Component Q9 The assessment component that is carried

out by the lecturer 0.90

Post-
assessment Q10

As a lecturer, do you provide feedback
(discussion) for the assessment results that

have been done
0.80

Q11 If lecturers follow-up the assessment results,
the form of follow-up is 0.90

In looking at the differences in authentic assessments carried out in the social sciences
and natural sciences, several indicators are needed, namely: the form of assessment,
assessment techniques, assessment components, and post-assessment so that a complete
picture is obtained where the basic differences between authentic assessments in the social
field are located with the natural sciences.
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3. Result and Discussion

Authentic assessment can be underlined as a type of assessment which, when inte-
grated into the learning framework, becomes an exciting instruction [11]. As a type of
assessment, it is vital to know the assessment form and the assignment technique.

3.1. Assessment Form

The form of assessment that is most often carried out by lecturers in the natural field
of science is 92.04% stating that the assessment most often carried out is a combination of
test and non-test assessments. Meanwhile 8.64% only carry out the test. Meanwhile, in the
field of social science, 84.57% stated that the most frequent assessments were a combination
of test and non-test assessments. Meanwhile 8.64% only carried out the test and 6.79%
only carried out the Nontest assessment (Figure 1). So, the form of assessment carried out
by the majority of lecturers at this time is a mixture of tests and non-tests. But the visible
difference between the form of assessment in the social sciences and the natural field lies in
the use of the non-test form only just found in the social sciences.

 
Figure 1. The form of assessment carried out by Lecturers in the field of natural sciences and social science.

Meanwhile, test form in the field of natural sciences, most often carried out according
to natural science lecturers are written tests of 45.95%, performance tests (performance)
37.39%, oral tests (interviews) 16.67%. Meanwhile, for social science lecturers, according to
the lecturers, the form of tests that are most often carried out are written tests by 21.22%,
performance tests (performance) 54.69%, oral tests (interviews) 24.08% (Figure 2). The
real difference seen in these two fields of science is that the use of written tests is mostly
carried out by lecturers in the natural field, in contrast to lecturers in the social field who
do more performance tests. This indicates a good implementation. Performance appraisal,
portfolio assessment, and project appraisal are good authentic assessments to carry out.
So, the implementation of the performance assessment has been carried out and needs
to be supplemented with various other tests such as portfolio assessment and project
assessment [24]. The data above were corroborated by the previous research of [25] that
stated that to improve the effectiveness of mathematics learning, collaborative problem-
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based learning model with authentic assessment model could be considered as one of the
learning models in the classroom. The benefit of authentic assessment is that students learn
to develop and use self-regulated skills to achieve high learning goals [26].

 
Figure 2. The form of tests conducted by lecturers in the field of natural sciences and social science.

Difficulty level: The tests carried out according to the natural lecturer are 24% higher
order thinking, case or analysis questions 29%, application questions 26%, easy questions
11%, reviews 11%. While social lecturers are 21% of difficult questions (Higher Order
Thinking), 36% case or analysis questions, 27% application questions, 7% easy questions,
9% reviews/reviews. Some lecturers have different views with high-complexity questions
not just HOTS, no written tests, a mixture of difficult and easy questions, multiple choice
to not using tests at all.

The forms of non-test assessment that are most often carried out according to natural
lecturers are activeness in conducting discussions 24%, mastery of material in discussions
25%, independent tasks 28%, group assignments 23%. While social lecturers are active
in conducting discussions 25%, mastery of material in discussions 24%, independent
assignments 27%, group assignments 24%, and the rest the level of attendance in class,
self-reflection, projects, individual assignments, peer assessment, ethics, discipline, attitude,
etc.

Meanwhile, for the written test, the level of implementation of the questions given are
56.6% higher order thinking questions, 82.7% case or analysis questions, 66.1% application
questions, questions are classified as easy 24.7%, reviews/reviews 0.3%. Higher order
thinking skills (HOTS) are an important aspect in the education system and are very
good if they can be applied in authentic assessment [27,28]. Unfortunately, only 56.6% of
lecturers have used questions with the HOTS difficulty level, the rest are mostly applied
and analyzed. Meanwhile, the types of non-test assessments that are often carried out by
lecturers are activeness assessments and discussions. Changing the testing and assessment
practices is a long process that requires enormous effort from lecturers. The courage to try
something new and to actively change their behavior and beliefs could be done; they are
well motivated if there is a clearly defined theoretical basis [29].
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The form of the assessment carried out by the Lecturer of the State University of
Malang turned out to have a difference between the natural sciences and the social sciences.
The implementation of the form of test assessment is mostly carried out by the natural
sciences field, while the social science field mostly conducts non-test assessments. As seen
in Table 3, there is a significant difference between natural sciences and social sciences in
the form of non-test assessments.

Table 3. The difference between natural sciences and social sciences in the form of non-test assessments.

Chi-Square Tests

Value Df
Asymptotic

Significance (2-Sided)
Natural Sig.

(2-Sided)
Natural Sig.

(1-Sided)

Pearson Chi-Square 7723 a 1 0.005

Continuity Correction b 6129 1 0.013

Likelihood Ratio 11.852 1 0.001

Fisher’s Natural Test 0.004 0.003

Linear-by-Linear Association 7697 1 0.006

N of Valid Cases 296
a. 1 cells (25.0%) have expected count less than 5. The minimum expected count is 4.58. b. Computed only for a 2 × 2 table.

In addition, the application of the high order thinking question has a difference.
Natural science applies more questions to high order thinking than in the field of social
science. As seen in Table 4.

Table 4. The difference application of high order thinking question.

Chi-Square Tests

Value Df
Asymptotic

Significance (2-Sided)
Natural Sig.

(2-Sided)
Natural Sig.

(1-Sided)

Pearson Chi-Square 10.215 a 1 0.001

Continuity Correction b 9459 1 0.002

Likelihood Ratio 10.378 1 0.001

Fisher’s Natural Test 0.002 0.001

Linear-by-Linear Association 10.181 1 0.001

N of Valid Cases 296
a. 0 cells (0,0%) have expected count less than 5. The minimum expected count is 49.25. b. Computed only for a 2 × 2 table.

3.2. Assessment Technique

The assignments given by the lecturers consist of individual assignments and group
assignments. The individual assignments that are most often carried out according to lec-
turers are making 48% summaries, making 55.4% papers, making 51.7% articles, doing 53%
questions, 8.4% making books, and the others are reviews, product design, case analysis,
making applied examples, essay projects, making presentations, making modules and
learning media, case studies, answering questions, analysis/case studies, analyzing cases,
making vlogs or video programs, practicing maps, preparing presentations, analyzing
articles, making research proposals, making videos, compiling mind maps related to the
material, and reporting reading results.

Table 5 shows that individual assignments in the form of writing articles have a real
difference between social sciences and natural sciences. The field of social sciences gives
more individual assignments in the form of making articles when compared to the field of
natural sciences.
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Table 5. The difference of individual assignments in the form of writing articles.

Chi-Square Tests

Value Df
Asymptotic

Significance (2-Sided)
Natural Sig.

(2-Sided)
Natural Sig.

(1-Sided)

Pearson Chi-Square 9808 a 1 0.002

Continuity Correction b 9072 1 0.003

Likelihood Ratio 9915 1 0.002

Fisher’s Natural Test 0.002 0.001

Linear-by-Linear Association 9775 1 0.002

N of Valid Cases 296
a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 53.06. b. Computed only for a 2 × 2 table.

Meanwhile, the group assignments that are most often done according to natural
science lecturers make 24% summaries, 76.6% papers, 41.4% articles, 27.8% project books,
11.9% reading reports, and so on. The assignments are group analysis, working on a
project, review and presentation, working on a group project, social service projects and
case studies, field measurements, discussions and performance observations/field visits,
and project analysis/case studies.

From several assignment techniques that have been carried out by lecturers, the
forms of assessment that can provide real experience to students according to lecturers
are project assignments 78%, portfolio assignments 42%, case study assignments 72.6%.
Other assignments that are considered to provide real experience to students are writing
reflection textbooks, teaching skills tests, and observations.

In addition, in implementing the assessment, as many as 54.41% of respondents from
natural science lecturers have carried out assignments that can assist students in obtaining,
changing or developing skills, attitudes, ideals, appreciations, and knowledge. Meanwhile
41.18% rarely, 4.41% sometimes, and 0% never. Meanwhile, social science lecturers have
carried out assignments that can assist students in obtaining, changing, or developing
skills, attitudes, ideals (aspirations), appreciations (awards), and knowledge (knowledge)
by 63.74%. Meanwhile 41.18% rarely, 4.41% sometimes, and 0% never (Figure 3). There is
no difference in the application of the assessment in the two fields of science.

3.3. Assesment Component

A good assessment should be able to measure the ability of students as a whole. Au-
thentic assessment is considered to be able to provide information that cognitive, affective,
and psychomotor aspects can measure and assess students’ abilities holistically. Assess-
ment components that are relevant to current topics in the student learning environment
in accordance with the lecturer’s implementation are the assessment of cognitive aspects
(knowledge) 91.9%, assessing affective aspects (attitudes) 86.6%, assessing psychomotor
aspects (skills) 84.7%. Several lecturers gave different responses by mentioning that the
assessment should be comprehensive, peer assessment, analytical ability, and social and
spiritual competence should be aspects of the assessment. When viewed from the percent-
age of answers from respondents, all assessment components have an implementation rate
of more than 80%, meaning that 80% of lecturers have carried out a holistic assessment
related to relevance to the latest topics in the student learning environment.
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Figure 3. Implementation of assignments that can assist students in obtaining, changing, or developing skills, attitudes,
ideals, appreciations, and knowledge.

3.4. Post-Assesment

The post-assessment process that has been carried out shows that as many as 45.90%
of respondents lecturers of natural science provide feedback (discuss) on the results of the
assessments that have been carried out, while 49.18% rarely, 4.92% sometimes, and 0%
never. While the social sciences lecturer gave feedback (discussed) on the results of the
assessment that had been done as much as 43.24%, while 50.00% rarely, 5.41% sometimes,
and 1.34% never (Figure 4).

The follow-ups that were carried out were discussion by lecturers (one way) for 46.6%,
joint discussion (FGD) for 72.6%, 33.4% of enrichment assignments, personal comment,
in-class discussion, review, self-assessment, improvement of results using new assignments
with higher level, discussion and questions and answers.

In the post-assessment, the majority of lecturers rarely provide feedback to students.
If any, the form of follow-up that was performed would be collective discussion, one-way
discussion by lecturers, and provision of enrichment. This situation should be a concern
and evaluation material following the implementation scale as stipulated in the Regulation
of the Minister of National Education No. 35 of 2010, a scale below 40% indicates that
implementation is still not maximal [8]. The development of educational material that could
be initiated through the students’ opinions during the feedback process [29]. In relations to
the three factors of problem-based learning, authentic assessment, and meaningful systems
that are a combination of powerful tools in online learning, can provide education to
students in effective digital learning [26].
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Figure 4. Lecturers provide feedback on the results of the assessments that have been carried out in the field of natural
sciences in the field of social sciences.

Through the collected data, it can be seen that almost all aspects of authentic assess-
ment between the natural and social sciences had no differences. In relation with the
opinion that stated that social objects are not the same as natural objects; however, it should
not leave us with the view that reality interacts with constructs in certain domains and
specific sciences [14,30]. The only differences are in the form of assessment and individ-
ual assignment techniques, as shown in Table 6. Social science conducts more non-test
assessments than natural science. This is understandable because sometimes, social objects
are not definite and not measurable things so that a test assessment that contains specific
parameters cannot be used in some areas of social science. Humanities and social sciences,
in this respect, appear to be more complicated than chemistry and physics [31]. Actually,
in both the social and natural sciences, there are seven steps for optimal use of portfolio as-
sessment: (1) planning, (2) preparation for the study, (3) collecting evidence, (4) monitoring
progress, (5) improving performance, (6) reflection, and (7) displaying works [32,33].

Measured tests are more widely used in the field of natural science using higher-order
thinking skill questions. The use of HOTS questions in several previous studies had a
significant effect on students’ learning, competence, and science process skills [28,34].
Individual assignments in the form of writing articles are more widely used in social
science concerning the learning outcome demands of multiple portfolios [35,36]. Both
methods of assessment can be used, although not all problems in the natural and social
sciences can be generalized. In practice, it would be better if an interdisciplinary approach
is used [37,38], and a mixed assessment form could be used in this model.
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Table 6. Types of natural and social science assessment.

Factor Natural Social

Assessment Form

• Written assessment (essay)
• Performance assessment
• Project assignment
• Analysis of published

research
• Observation
• Drawing
• Multiple assessments

• Written assessment (essay)
• Case studies
• Class discussion
• Conducting critical analysis

of film shows
• Fieldwork
• Analysis of published

research
• Oral/verbal debate

Post-assessment

• Discussion of assessment
results

• Material enrichment
• A focused discussion (FGD)
• Discussion and questions

and answers
• Product revision
• Feedback (written)
• Critical analysis review

• Peer-assessment
• Self-assessment
• A focused discussion (FGD)
• Feedback (written)

The contextual nature of critical thinking is a concept, its complex interactions with
disciplinary knowledge approaches, and diverse and complex epistemologies, for assessors
of critical thinking for pedagogy, curriculum, and assessment [39,40]. All scientific fields
can ultimately use the implementation of authentic assessment, but it must be adapted to
the epistemology and conform the learning outcomes in its application.

Figure 5 shows the proposed authentic assessment model for natural science. The
abbreviation AF refers to authentic form, and PA refers to post-assessment. Based on the
model, the assessments are performed sequentially. However, the instructor has an option
if the next section is not required, then it can skip to the next one. It aims to make an
assessment quickly and efficiently.

Figure 6 illustrates the proposed authentic assessment model for social science. The
illustration represents that the assessment in social science tends to be more flexible. In
other words, the instructor has free control to perform a first assessment that relates and is
suitable to learning conditions. Moreover, 20 lecturers from each field study have validated
these two models so that it can be implemented in the learning activities.

The results of this study are useful for academia because they can provide an overview
of how lecturers in the social and natural science fields translate learning goals that might
be achieved in teaching students using the PBK approach, what authentic tasks they choose
to teach, how to use them to improve the quality of the process and subsequent learning
outcomes, and what follow-up was provided regarding each of the authentic assessments
used. The results of this study are useful for the professional world because they can
provide a foundation and inspiration to conduct more in-depth research in their respective
fields, according to existing interests and needs.
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Figure 5. The proposed authentic assessment model for natural science.

The contribution of research results to the academic world related to authentic assess-
ments include: (1) the process of seeking and finding information in the learning process,
(2) the basis for making judgments, decisions, conclusions from an evaluation, (3) providing
direct meaning in the educational process, for example real in biology learning that uses
a process approach, while the contribution of research results to the professional world
related to authentic assessments include: (1) authentic assessment known as performance
assessment is a form of assessment that emphasizes professional performance related to
the actual situation, (2) can know the attitude of professionals as expected, (3) allow to
measure professional skills in a complex manner, and (4) enable the professionals being
assessed to demonstrate their abilities in a real context.
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Figure 6. The proposed authentic assessment model for social science.

The comparison between authentic assessments used in the social and natural science
fields is useful as a source of information regarding various kinds of authentic assessments
that can be used by each field of science. However, the use of this authentic assessment
must still be adjusted to the learning objectives and the type of task chosen in achieving
the goals to be achieved.

The benefits of authentic assessment research for other researchers are (1) it can be
used as an effort to develop assessments that aim to assess individual abilities through
certain tasks, determine learning needs, help and encourage students and educators (teach-
ers) to become better at determining learning strategies, institutional accountability, and
improving the quality of learning, while further research is required in (1) finding obsta-
cles in conducting comprehensive, holistic, and consistent assessments, and (2) finding
solutions in overcoming difficulties in improvising/developing valid and reliable research
instruments.

4. Conclusions

In conclusion, almost all aspects of authentic assessment between the natural and
social sciences had no difference. The only differences were in the assessment form and
individual assignment techniques that were performed. Social science conducted non-test
assessment only higher than the natural science. Measured tests were primarily used in the
natural science using higher-order thinking skills questions. Performance test was mostly
conducted in social science. Further research is needed to identify following assessment
model form particularly in higher education sample that could not give response as an
accountability form of authentic assessment implementation that is more specific, holistic,
comprehensive in a scientific cluster following the expert group.
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Abstract: This study aims to determine the governance factors that influence the scientific research
output of lecturers through the application of PLS-SEM, in conjunction with ANOVA and t-test.
Based on a survey of 398 lecturers in twelve higher education institutions (HEIs) in Vietnam, the
psychometric properties of the scales measuring the considered dimensions of scientific research
outputs were initially examined through the Exploratory Factor Analysis (EFA) procedure, prior to
being input into the PLS-SEM model. The SEM model comprised six constructs for the scientific
research outputs: scientific research objectives of HEIs, leadership, decentralization, policies for
lecturers, support for scientific research activities, and resources for scientific research. The results
reveal that resources for scientific research have the most impact on lecturers’ scientific research
output, followed by policies for lecturers, support for scientific research activities, scientific research
objectives of HEIs, and finally, leadership.

Keywords: lecturer; scientific research; governance; management; higher education institutions

1. Introduction

Scientific research achievement is among the key criteria used to evaluate performance
and university rankings on a global scale [1]. The future of universities is related to
lecturers’ achievements and progress in scientific activity [2]. Scientific work is among the
most important activities of the faculty of any higher education institution [3]. Lecturers’
scientific research output has received increasing attention from many countries, because
many governments, including those in developing countries, have found that this is crucial
in today’s knowledge-based economy [4].

Due to the high importance placed on scientific research activities, several scholars
have investigated the factors affecting lecturers’ scientific research results [5–11]. Some
studies considered this issue in the context of Vietnam [12–16]. However, studies focusing
on governance factors that affect scientific research outputs of university lecturers are
lacking. To date, the majority of studies in the literature have approached institutional
factors [17–19] and individual factors [7,10], or a mix of both [7,9,11,20]. The main research
methods applied are regression analysis [1,7,21], analysis of variance (ANOVA) [22,23],
structural equation modeling (SEM) [10,19], analytic hierarchy process (AHP) [14,18],
interviews [15,16], and Delphi [13]. Therefore, the impact of governance factors (not
institutional factors or individual factors) on the scientific research results of lecturers
remains under-investigated.
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SEM, one of the most commonly applied techniques to analyze cause-and-effect
relationship models, has also been widely applied in the context of economics and manage-
ment studies [10]. There are two popular approaches to estimate linear structural models:
Covariance-based (CB-SEM) and Partial least squares (PLS) SEM. In contrast to CB-SEM,
PLS-SEM is commonly used to develop theories in exploratory research by focusing on
explaining the variance in the dependent variables [24]. Meanwhile, according to [25],
there is no theoretical basis to date that can be explicitly used to explain the cause-and-
effect relationship, nor is there any common theoretical framework in previous studies
on the factors influencing the research output of lecturers. Some studies have applied
CB-SEM [10,19], but have not considered PLS-SEM.

This study aims to determine the impact of governance factors on the scientific re-
search output of lecturers. In order to meet the research goals, the PLS-SEM method
was used. Furthermore, the ANOVA and t-test approaches were also applied to inves-
tigate the differences in the scientific research output among lecturer groups stratified
by demographics.

2. Literature Review

2.1. Governance Factors

To date, several studies have been conducted on the factors that impact the research
output of the faculties within a higher education institution. Some studies focused on
collaboration and networking factors. For instance, Ref. [5] showed that organizational
factors such as job satisfaction and international collaboration had a positive effect on
scientific research productivity among academic staff. The works by [26,27] concluded that
the key factors that contribute to the success of publishing research in highly ranked Amer-
ican journals were collaboration with established overseas scholars, English language, and
research ideas. The study by [14] demonstrated that the most important factors influencing
faculties’ research performance were collaboration with domestic and international peers,
and receiving support from research assistants and supervisors. The study by [13] revealed
that “networking-related factors” were a key determinant in the success of international
publishing. However, these studies have not yet distinguished the collaboration factors
from governance policies by higher education institutions (HEIs), or lecturers themselves.

Some studies examined the impact of university policies, work environment, and
resource-related factors. For instance, Ref. [5] investigated IT funding and university
policies; and [13] concluded that policy-related factors have a positive impact on scientific
research productivity. The study by [7] examined institutional characteristics, including the
number of undergraduate students enrolled, percentage of Ph.D. students enrolled, and
funding allocated for research function, and revealed that they are significantly associated
with faculty research productivity. The work by [12] revealed that work environment
affected the adjusted research productivity of social scientists. However, these studies
provide limited understanding on the specific policies (e.g., policies for lecturers) and
resources, as well as the specific factors of work environment, that HEIs create to support
research activities by lecturers.

Other studies investigated individual factors, particularly motivation factors. For
instance, Ref. [7] showed that the research productivity of faculty varied by gender,
institution, terminal degree, rank, discipline, and work experience. Notably, Ref. [11]
examined the relationship between research productivity and the intrinsic and extrinsic
motivators associated with conducting research. According to this study, there was a
significant difference in research productivity between faculties associated with doctoral
vs. non-doctoral degree granting programs. Receiving or having tenure was the most
important reward, while securing a possible administrative position was the least important.
There was a significant difference in the importance of these rewards between tenured-
untenured and between male-female faculty members. A strong link was found between
research productivity and the attainment of a tenure position and of a promotion, but the
link between publications and salary increase was not strong. However, Ref. [7,11] have
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several prominent limitations. It is difficult to draw a distinction between these two types
of motivation. One factor that may be an extrinsic source of motivation for one person, can
be considered an intrinsic source of motivation by another. Besides, Ref. [7,11] have not
shown whether motivation originates from the governance policies of HEIs to enhance
research achievement.

Some authors proposed a set of characteristics for a productive research organization.
The work by [9] indicated that creative accomplishments are associated with small group
size, organizational contexts with sufficient access to a complementary variety of technical
skills, stable research sponsorship, timely access to extramural skills and resources, and
facilitating leadership. However, these factors are features for organizations with great
creative achievements in general, not necessarily every university where lecturers work.
Ref. [20] recommended a synthetic model of individual, institutional, and leadership
characteristics predicting individual and department research productivity, based on the
combined results from multiple regressions. However, this model was examined at the
individual and departmental level (i.e., not the university level), and combined governance
factors with several individual or environmental factors.

To date, three approaches were applied to investigate the influential factors on the
research performance of lecturers, namely, individual, institutional, and a mix of both.
According to [28], institutional factors play an important role in developing a research
culture to promote greater interaction and transfer of knowledge to society. Some factors
that are related to university governance have been found in prior studies that considered
institutional factors. However, it seems that there has been very little discussion about
the impact of governance factors in particular (i.e., not institutional factors, in general).
Therefore, it is worthwhile to empirically investigate the governance factors that influence
the research output of lecturers, as well as the level of impact of those factors.

In Vietnam, only a few studies have attempted to address the factors associated with
the research output of lecturers. The studies of [12–16] have been undertaken to investigate
the factors influencing internationally-indexed publishing. Among these studies, Ref. [12]
is one of the most notable, indicating that collaboration with international researchers
resulted in higher productivity among social scholars in Vietnam. However, these studies
were conducted with secondary data, and did not examine the governance factors as
perceived by researchers in HEIs. The studies by [13–15] overcame the limitations of [12] by
utilizing in-depth interviews, Delphi, and AHP respectively, however they only focused on
internationally-indexed publishing by all types of academic organizations and academics
staff, and not by HEIs and lecturers in particular.

It should also be noted that according to the literature review, the most commonly
employed research methods for this topic were regression analysis, CB-SEM, ANOVA
variance analysis, Delphi, interviews, case analyses, descriptive statistics, and AHP, whilst
the PLS-SEM method has not been adopted. The methods of some prominent previous
studies are listed in Table 1.

Table 1. Research methods on governance factors affecting scientific research output of lecturers.

Author Methods

[29] CB-SEM (LISREL)
[10] CB-SEM
[19] Delphi, CB-SEM
[11] Regression
[20] Regression, t-test
[1] Regression

[22] Regression, ANOVA
[21] Regression
[30] Regression, EFA
[31] Regression
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Table 1. Cont.

Author Methods

[32] Regression, t-test
[7] Regression, ANOVA

[33] Regression, Bootstrap
[34] Regression
[12] Ordinary least squares, secondary data
[14] AHP
[18] AHP, ANOVA, and t-test
[23] ANOVA, semi-structured interviews
[35] t-test
[36] Mann–Whitney U test
[37] Mann–Whitney U test
[13] Delphi
[15] Semi-formal, in-depth interviews
[16] In-depth interview
[35] In-depth interviews
[17] Descriptive statistics, interviews
[9] Design and analysis of typical situations

[38] Document analysis, model recommendations

2.2. Scientific Research Outputs

Regarding the evaluation and measurement of scientific research output, Ref. [39]
indicated that research evaluation studies employ various instruments and indicators,
depending on the particular aims of the study.

In terms of the quantity-based approach, researchers generally agree that scientific
research output is measured by the total number of publications by the institution. Accord-
ing to [4], research output relates to creative ideas that, after being studied, are published
in magazines, newspapers, patent applications, or academic journals. In addition, some
researchers pointed out other indicators such as the amount of research funding [8], mem-
bership in a scientific association [40], and the financial budget allocated to research [4].

In terms of quality and the influence-based approach, Ref. [41] emphasized that
scientific output must be presented by internationally-indexed publishing. The authors
of [42] utilized H index to measure the research performance of scientists. The works
by [7,43] argued that H index is a reliable indicator that is recognized worldwide to
evaluate the scientific research performance of scientists.

The work by [38] defined the holistic approach in quantity, quality and influence.
Table 2 shows a framework that identifies research output measurements and is recom-
mended by [38].

So far, there has been a controversy on the influence-based approach. The authors
of [44] mentioned that not all publications are indexed in research databases for citation,
and it is difficult to assess the true value of a publication by H index. There are differences
between industries and fields; the number of years of publication (first published is more
likely to be cited) and the age of scientists significantly affects the citation index. Therefore,
the H index, in some cases, is not accurate and fair when comparing the research produc-
tivity of scientists and organizations. According to [25], the approach based on the number
of publications has been more widely used than that based on the qualitative measures
to evaluate the research productivity of academics at most universities around the world.
Hence, in this study, the quantity-based approach was adopted.
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Table 2. Indicators of measuring scientific research output.

No. Indicators

1 Number of articles published in refereed or professional
journals

2 The impact factor of the journals
3 Number of published books
4 Number of edited books
5 Number of published chapters in refereed books
6 Number of edited chapters in refereed books
7 Number of citations
8 Citations as a measure of impact
9 Patent registration

10 Received research grant
11 Participated in research projects
12 Number of honors and awards
13 Number of papers presented in meetings or conference
14 Number of invitations to present papers
15 Number of supervised dissertations
16 Supervised one or more honors/master students
17 Supervised one or more Ph.D. students
18 Served as an editor of an academic journal
19 Positions held in a professional association
20 Maintained professional contact with colleagues overseas

2.3. Hypotheses

Among the institutional and individual factors in prior studies there are some typ-
ical governance factors to be found, including the scientific research objectives of HEIs,
leadership, policies for lecturers, support for scientific research activities, and resources
for scientific research. Besides these, some studies also mentioned “decentralization” or
related content among the institutional factors.

Regarding the scientific research objectives of HEIs, Ref. [6,38] showed that having a
research agenda defined as the combination of strategic problem-solving frameworks to
achieve research goals is the best technique to enhance research productivity and easily
monitor the measurement of academic progress. Other studies also argued that in order to
achieve worthy scientific research achievements a university’s scientific research objectives
need to be clear, feasible, and widely shared [22]. The university’s statement of its core mis-
sion has a strong effect on its research output [43]. The findings above were developed and
supported by [20], who suggested that universities should set clear, visible, shared goals to
enhance their overall research performance. Therefore, the first hypothesis was proposed:

Hypothesis 1 (H1). There is a positive relationship between the scientific research objectives of
HEIs and the scientific research output of lecturers.

To the best of our knowledge, decentralization has not been considered a scale in
any quantitative research model. However, some studies have found a positive correla-
tion between decentralized organizations, the autonomy of HEIs, lecturers, and lecturers’
scientific research output. The work by [20] showed that an effective research apparatus
feature is the “assertive-participative management” mechanism characterized by manage-
ment decisions with wide participation by stakeholders. The work by [38] also mentioned
that this mechanism, which is characterized by decentralization and empowerment, has
a positive impact on scientific research output. In addition, Ref. [20,22,30] showed that
the autonomy of the organization and lecturers is among the most contributing factors to
scientific research achievements. Therefore, this research generalizes and supplements this
new scale in the proposed model. Hence, the second hypothesis was proposed:
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Hypothesis 2 (H2). There is a positive relationship between decentralization and the scientific
research output of lecturers.

Concerning leadership, Ref. [30] defined that the leadership factor group has the
greatest positive impact on scientific research output among several factors. The authors
of [9] argued that both organizational (i.e., university) leaders and group leaders are
important to the effectiveness of creation. The work by [18] also demonstrated that the
support of leaders for scientific research contributes to improving scientific research output
by creating a departmental research atmosphere. Notably, Ref. [20] investigated the
leadership characteristics of productive research organizations, namely, that they are highly-
regarded, have able scholars, are research-oriented, emphasize an assertive-participative
style, fill critical roles in areas such as management and fundraising, and keep goals visible.
Basing on these findings, the third hypothesis was proposed:

Hypothesis 3 (H3). There is a positive relationship between leadership and the scientific research
output of lecturers.

Concerning support for scientific research activities, several authors emphasized the
role of creating collaborative opportunities and environments for academic staff. The
studies by [13,14,28,45] identified that collaboration was a key determinant of international
publishing. Therefore, it was recommended that HEIs should establish research groups and
collaboration with international and domestic peers to enhance their research productivity.
The work by [29] and [35] showed that the university’s explicit support of scientific research
activities has a positive effect on lecturers’ scientific research results. The authors of [19]
found that ongoing supportive activities create a culture that values research, thereby
influencing the conscientiousness and scientific research results of scientists. Therefore, the
fourth hypothesis was proposed:

Hypothesis 4 (H4). There is a positive relationship between support for scientific research activities
and the scientific research output of lecturers.

In relation to policies for lecturers, Ref. [13,16] argued that time available for research
purposes was a key factor for international scientific publishing. The work by [16] showed
that university policies and job satisfaction had a positive effect on scientific research pro-
ductivity among academic staff. The study by [11] revealed a positive relationship between
research productivity and having tenure, rewards, promotion, and salary. The study by [35]
revealed that the policy of recruiting lecturers and signing contracts based on lecturers’
scientific research capacity can enhance their overall research performance. Similarly,
income policy was considered by [17] and [23], while promotion policy was considered
by [37] and [38]. Notably, Ref. [20] reported several characteristics of productive research
organizations. The first is recruitment and selection, whereby significant effort is expended
to recruit and hire members who have the training, goals, commitment, and socialization
that match the institution. The second characteristic is rewarding, whereby research is
rewarded equitably and in accordance with predefined benchmarks of achievement. Hence,
the fifth hypothesis was proposed:

Hypothesis 5 (H5). There is a positive relationship between policies for lecturers and the scientific
research output of lecturers.

With reference to resources for scientific research, Ref. [38] presented resources-
related factors, including technology and equipment, libraries, and research funding. The
work by [13] revealed that accessibility of international scientific documents, experimental
devices or tools, software used for research purposes, and accessibility of research funding
sources are the determinants in the performance of international publishing in Vietnam. The
study by [18] demonstrated that research funding is considered to be the most important
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factor for research results, followed by human resources, journal and library resources, and
facilities. Similarly, several other studies concluded that one of the institutional factors for
improving scientific research output is financial support [5,7,20]. For this reason, the final
hypothesis was proposed:

Hypothesis 6 (H6). There is a positive relationship between resources for scientific research and
the scientific research output of lecturers.

According to the literature review and hypotheses proposed, a research model was
developed with the following factors: scientific research objectives of HEIs, leadership, de-
centralization, policies for lecturers, support for scientific research activities, and resources
for scientific research. Additionally, to determine the difference between population groups
in research output, the research model included the following factors (i.e., control variables):
gender, age, degree and academic title, experience, position (managers or non-managerial
lecturers), place of graduation (abroad or domestically), and scientific area. Figure 1 depicts
the proposed research model.

Figure 1. Proposed research model.

3. Methods

3.1. Research Design

A questionnaire was constructed based on the literature review and was adjusted
based on the interview results with five experts. The final questionnaire consisted of
49 items, not including the participants’ demographics section, which included 41 state-
ments of governance factors and eight items of lecturers’ research output. Participants
were requested to rate a 5-point Likert scale, whereby 1 = totally disagree, 2 = somewhat
disagree, 3 = neither agree nor disagree (neutral), 4 = somewhat agree, and 5 = totally agree.

The data were collected from April to September 2020. Firstly, a pilot study including
82 observations was implemented before distributing the online survey (via Microsoft
Forms) and the offline survey. Next, the questionnaire was revised based on the Cronbach’s
Alpha value from the initial pilot test. In the formal survey stage, a non-probability
sampling method was implemented, and a total of 413 responses were collected from
12 HEIs in the North of Vietnam. The 15 bias observations were eliminated. Finally, there
were 398 observations valid for further analysis, of which 313 observations (78.6%) were
from the online survey via Microsoft Forms (in the period of social distancing due to the
COVID-19 epidemic in Hanoi, in April 2020), while 85 observations (21,4%) were from the
offline survey (after the period of social distancing; from May to September 2020). Table 3
shows the descriptive statistics of the participants’ demographics.
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Table 3. Descriptive statistics of participants’ demographics.

Variables N %

Gender
Male 169 42.5%

Female 229 57.5%

Age
22–30 50 12.6%
31–40 194 48.7%
41–50 121 30.4%
>50 33 8.3%

Academic title, degree
Professor 4 1.0%

Associate Professor 59 14.8%
Doctor 210 52.8%
Master 125 31.4%

Abroad graduation or not
Abroad graduation 190 47.7%

Domestic graduation 208 52.3%

Experience as a lecturer
<1 year 30 7.5%

1–3 years 42 10.6%
>3–6 years 46 11.6%
>6 years 280 70.4%

Scientific research area
Natural Sciences 179 45.0%
Social Sciences 219 55.0%

Position
Manager 146 36.7%

Non-managerial employee 252 63.3%

According to Table 3, the ratio of males to females is 42.5% and 57.5% respectively.
In terms of age, the majority of lecturers (48.7%) fall into the 31–40 age group, 30.4% fall
into the 41–50 group, 12.6% fall into the 22–30 group, and only 8.3% of the lecturers are
over 50 years old. Qualification in the survey sample is high; up to 52.8%, 31.4%, 14.8%,
and 1% of lecturers have the academic title of Doctor, Master’s degree-holder, Associate
Professor, and Professor, respectively. The number of lecturers who have more than six
years of working experience accounts for quite a high proportion (70.4%), while 11.6% and
10.6% of lecturers have 3–6 and 1–3 years of working experience respectively. Only 7.5%
of the lecturers have less than one year of experience. Regarding scientific research areas,
social science takes the highest proportion at 55%, while natural science accounts for 45%.
The ratio of abroad to domestic graduation is similar, with 47.7% and 52.3% respectively.
The number of lecturers without managerial positions accounts for a higher percentage
than those with managerial positions, with 63.3% and 36.7% respectively.

3.2. Data Analysis Techniques

Firstly, the t-test and ANOVA approaches were adopted to determine the differences
in scientific research output between lecturer groups, according to their demographic
characteristics. Next, Partial Least Squares Structural Equation Modeling (PLS-SEM) was
employed to achieve the research objectives. This approach has several advantages. PLS-
SEM was recommended in the initial period of theory development to access and verify
the exploratory research models [46]. It also has several benefits for cause-and-effect
analysis in behavior studies [47]. PLS-SEM has been the best alternative to CB-SEM in cases
wherein there is little background theory available [30,48] even though PLS-SEM is not as
effective as CB-SEM in model fit evaluation. Furthermore, there have not been any common
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theoretical frameworks in previous studies on the factors influencing the research output
of lecturers [25]. In addition, a new scale (i.e., decentralization) was added to the research
model proposed in this study. For these reasons, it is appropriate to utilize PLS-SEM.

PLS-SEM is based on two main steps, namely, measurement model assessment and
structural model assessment [46]. Within this study, the SmartPLS 3.3.3 application of
PLS-SEM was used to assess the measurement model, the convergent, discriminant validity,
and composite reliability. Finally, the bootstrapping technique analyzed the t-statistics for
the path coefficients to assess the importance of the hypothesized connections.

The factors were coded as follows: OBJ = scientific research objectives of HEIs,
DEC = decentralization, LEA = leadership, POL = policies for lecturers, SUP = support for
scientific research activities, RES = resources for scientific research, and OUT = research
outputs (Appendix A).

4. Results

4.1. t-test and ANOVA

Table 4 presents a summary of t-test and ANOVA results to demonstrate the difference
between participants’ research output among demographic variables.

Table 4. Summary of and t-test and ANOVA results.

Lecturer Group Sig. of Levene’s Test Sig. of t-test/Welch/F Test N Mean

Gender 0.477 Sig. of t-test 0.000
Male 169 3.971

Female 229 3.731

Age 0.001 Sig. of Welch Test 0.000
22–30 50 3.557
31–40 194 3.876
41–50 121 3.935
>50 33 3.625

Academic title, degree 0.087 Sig. of F Test 0.000
Professor 4 4.437

Associate Professor 59 3.924
Doctor 210 3.868
Master 125 3.712

Abroad graduation or not 0.700 Sig. of t-test 0.018
Abroad graduation 190 3.884

Domestic graduation 208 3.787

Experience as a lecturer 0.000 Sig. of Welch Test 0.003
<1 year 30 3.500

1–3 years 42 3.732
>3–6 years 46 3.856

>6 years 280 3.880

Scientific research area 0.002 Sig. of t-test 0.000
Natural Sciences 179 3.997
Social Sciences 219 3.699

Position 0.111 Sig. of t-test 0.000
Manager 146 3.684

Non-managerial employee 252 3.919

The difference in the scientific research results of lecturer groups is summarized
hereafter. Regarding gender, there is a difference in scientific research output between the
sexes, shown by the sig. of the t-test being <0.05. More specifically, the mean value shows
that male lecturers have higher scientific research output than female lecturers.

Concerning age, there is a difference in scientific research output between age groups,
shown by the sig. of the Welch test being <0.05. More specifically, the mean value of age
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groups shows that scientific research output decreases in the order of the following age
groups: 41–50, 31–40, >50, and 22–30.

In terms of academic title and degree, there is a difference in scientific research output
among lecturer groups with different qualifications, shown by the sig. of the F test being
<0.05. More specifically, the mean value of the groups shows that scientific research output
increases gradually by the level of academic title and type of degree.

In terms of lecturer experience, there is a difference in scientific research output among
lecturer groups with different seniorities, shown by the sig. of the Welch test being <0.05.
More specifically, the mean value shows that scientific research output increases gradually
with seniority.

Regarding the scientific research area, there is a difference in scientific research output
among lecturer groups, shown by the sig. of the T-test being <0.05. More specifically, the
mean value shows that scientific research output is higher for the field of natural sciences
than it is for the social sciences.

Concerning managerial position, there is a difference in scientific research output
between lecturer groups, shown by the sig. of the T-test being <0.05. More specifically, the
mean value shows that scientific research output is higher for lecturers who do not hold
managerial positions compared to those who do. This is likely because lecturers who hold
managerial positions have busier schedules and less time allocated for conducting research.

In terms of abroad graduation, there is a difference in scientific research output among
lecturer groups, shown by the sig. of the T-test being <0.05. More specifically, the mean
value shows that scientific research output is higher for lecturers who graduated abroad.

4.2. Measurement Proposed Research Model Assessment

The psychometric properties of the scales measuring the considered dimensions of
scientific research output were first examined through the Exploratory Factor Analysis
(EFA) procedure, before being included in the PLS-SEM model. The study procedure was
carried out using SmartPLS software version 3.3.3. The SEM model included six constructs,
namely, scientific research objectives, decentralization, leadership, support for scientific
research activities, policies for lecturers at HEIs, and resources for scientific research. To
assess the measurement model, the convergent and discriminant validity and composite
reliability were considered.

In Table 5, for this measurement model, all of the quality criteria were met, since all
factor loadings, Cronbach’s alpha values, composite reliability (CR) values, and average
variance extracted (AVE) values were above the recommended thresholds (0.7, 0.7, 0.7, and
0.5, respectively) [24,49–51].

Discriminant validity is the degree to which items distinguish between constructs.
Using the Fornell–Larcker criterion, the results indicate that the square root of the average
variance extraction is greater than the inter-construct correlations. Regarding the cross-
loadings criterion, the factor loadings of each item or indicator must be greater than the rest
of its cross-loadings to ensure the discriminant validity of the construct [51]. Seven criteria
were used to test discriminant validity, including Fornell–Larcker and cross-loadings.
Table 6 illustrates the results of the discriminant validity measurements. In the first column,
the square root of the extracted variance that appears in the upper part in parentheses must
be greater than the correlations that appear in the following lines of the same column. This
criterion was applied for each column. Table 7 shows the fulfillment of this criterion for all
the subscales, demonstrating the discriminant validity of the tested instrument.
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Table 5. Convergent validity and reliability.

Constructs Items Loadings Cronbach’s Alpha rho_A Composite Reliability
Average
Variance

Extracted (AVE)

Scientific research
objectives of
HEIs (OBJ)

OBJ2 0.829

0.869 0.879 0.905 0.656
OBJ3 0.759
OBJ4 0.836
OBJ5 0.846
OBJ6 0.775

Decentralization (DEC)

DEC1 0.731

0.860 0.866 0.895 0.587

DEC2 0.747
DEC3 0.820
DEC4 0.790
DEC5 0.777
DEC6 0.728

Leadership (LEA)

LEA2 0.801

0.768 0.811 0.845 0.577
LEA3 0.791
LEA4 0.737
LEA5 0.704

Support for scientific
research

activities (SUP)

SUP1 0.776

0.882 0.888 0.908 0.585

SUP2 0.754
SUP3 0.766
SUP4 0.776
SUP5 0.737
SUP6 0.780
SUP7 0.763

Policies for
lecturers (POL)

POL1 0.812

0.894 0.897 0.919 0.654

POL2 0.821
POL3 0.815
POL4 0.818
POL6 0.775
POL7 0.810

Resources for
scientific

research (RES)

RES1 0.837

0.881 0.882 0.913 0.679
RES2 0.870
RES3 0.834
RES4 0.785
RES5 0.791

Scientific research
outputs (OUT)

OUT1 0.784

0.900 0.901 0.920 0.589

OUT2 0.751
OUT3 0.775
OUT4 0.767
OUT5 0.771
OUT6 0.806
OUT7 0.748
OUT8 0.734

Table 6. Discriminant validity.

Scales OBJ DEC LEA SUP POL RES OUT

OBJ 0.810
DEC 0.271 0.766
LEA 0.278 0.390 0.760
SUP 0.227 0.253 0.192 0.765
POL −0.003 0.079 0.265 −0.011 0.809
RES 0.291 0.268 0.186 0.241 0.049 0.824
OUT 0.391 0.349 0.412 0.440 0.414 0.629 0.767
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Table 7. Hypotheses testing.

Relationship Hypothesis Std. Beta
T Statistics

(|O/STDEV|)
p Values Decision

DEC->OUT H2 0.039 1.236 0.217 Not
supported

LEA->OUT H3 0.121 3.306 0.001 Supported
POL->OUT H5 0.359 10.872 0.000 Supported
RES->OUT H6 0.471 16.025 0.000 Supported
OBJ->OUT H1 0.151 4.768 0.000 Supported
SUP->OUT H4 0.263 9.587 0.000 Supported

Note: OBJ: scientific research objectives of HEIs; DEC: decentralization; LEA: leadership; SUP: support for
scientific research activities; POL: policies for lecturers; RES: resources for scientific research; OUT: scientific
research outputs.

As the goal of SEM-PLS is to explain the endogenous latent variance, the key target
is to have a higher R square. The greater the value, the better the explanatory power of
the model [52]. The authors of [53] argued that a value of R square greater than 0.26 is
considered substantial, as a rule of thumb. The results obtained in this present restudy
show that the R square value for scientific research output was 0.684, which was acceptable.
The corresponding results are presented in Figure 2.

 
Figure 2. Confirmatory Factor Analysis Result.

4.3. Testing Research Hypotheses

In the structural model, the relevance and significance of all the direct and indirect
effects were assessed, examining the path coefficients, associated t-statistics, and their bias-
corrected confidence intervals, which were computed through a bootstrapping procedure.
The study conducted the test with a sample size of bootstrapping N = 5000 [46,54]. The
proposed hypotheses were considered statistically significant at the 99%, 95%, and 90%
reliability levels.

The bootstrapping technique was used to analyze the t-statistics for the path coef-
ficients to assess the importance of the hypothesized connections [55,56]. The p-value
is a constant measure of evidence, but it is usually dichotomized into highly important,
marginally important, and not statistically important at conventional levels, with cut-offs
at p ≤ 0.01, p ≤ 0.05, and p > 0.10, respectively [57].

144



Educ. Sci. 2021, 11, 553

Table 7 shows that scientific research output (p < 0.01) shares a significant relationship
with scientific research objectives, leadership, support for scientific research activities,
policies for lecturers, and resources for scientific research. This means that five hypotheses
in the conceptual model were fully supported (Hypothesis 1, Hypothesis 3, Hypothesis 4,
Hypothesis 5, and Hypothesis 6). Decentralization had no direct effect on scientific research
output (p = 0.217 > 0.01), thus Hypothesis 2 was not supported. Among these variables,
resources for scientific research (RES) was the most effective factor (β = 0.471, t = 16.025,
p = 0.000). Policies for lecturers (POL) and support for scientific research activities (SUP)
had the second strongest influence on scientific research output (β = 0.359, t = 10.872,
p = 0.000; β = 0.263, t = 9.587, p = 0.000, respectively). Scientific research objectives of HEIs
(OBJ) and leadership (LEA) were also significant factors that affected scientific research
output (β = 0.151, t = 4.768, p = 0.000; β = 0.121, t = 3.306, p = 0.000, respectively).

5. Discussion

5.1. Findings and Implications

The results reveal that “resources for scientific research” have the most significant
impact on scientific research output by lecturers among the six given governance factors.
This reflects the reality of such resources, especially the limited facilities of universities
in Vietnam, with narrow university campuses that lack synchronization. Financial re-
sources are also limited in terms of both volume and procedures because most Vietnamese
HEIs remain partially dependent on the state’s budget; there exist only 23 autonomous
universities [58] with better resources.

This finding supports the results of prior studies, from a university governance
perspective. By empirical evidence, Ref. [5,7,17,18,37,38] proved that resources for scientific
research, including space, equipment, information systems, databases, expenses, funds,
and colleagues with good research capacity had a positive influence on lecturers’ scientific
research output. In Vietnam, Ref. [13] revealed that factors such as the accessibility of
international scientific documents, research data, experimental devices or tools, software,
and funding sources played an important role in international publishing. The work
by [16] demonstrated that the main barriers to publication in Vietnam are funding and
time for research.

Therefore, the implication is that HEI managers should pay careful attention to en-
suring adequate resources for scientific research. First of all, it is vital to improve research
space, equipment, free information systems, databases, and digital libraries for scientific
research activities at HEIs. In terms of finance, HEIs should attract more non-state budget
revenues and establish funds for internationally-indexed publications, intellectual property
applicants, and the commercialization of scientific research outcome. In addition, HEIs
should reform the mechanism of budget allocation for scientific research in particular, at
both the university and faculty levels.

Secondly, the obtained results demonstrate that “policies for lecturers” had a signif-
icant influence on lecturers’ scientific research output. This finding provides a compre-
hensive assessment of how policies for lecturers affect their research outcomes. In fact,
the income of lecturers at Vietnamese HEIs that are not yet autonomous is generally low,
according to the general regulations of the State [59]. The regulations on workload and
rewards for lecturers are all “one-size-fits-all” policies [14]. The finding of this research is
consistent with the previous studies. However, provided with a governance perspective,
the study has become more relevant for university administrators and management re-
searchers. For instance, the work by [11,20,37,38,60] affirmed that policies related to income,
recruitment, remuneration, evaluation, reward, retention, training, and development of
teaching staff had a positive impact on the scientific research results of facilities. In Vietnam,
Ref. [12,13] pointed out that “time for research purpose” affected the research productivity
of Vietnamese social scientists.

Thus, it is recommended that university administrators pay close attention to devel-
oping and improving policies for lecturers in order to enhance the overall effectiveness of
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scientific research. In Vietnam, the time available for research purposes must be taken into
account by HEI managers and policy-makers. Sabbatical leave, which is popular in devel-
oped countries as a time to focus on research, should also be considered by Vietnamese
HEIs. Furthermore, “tailor-made” incentives for different types of lecturers should be
implemented in Vietnamese HEIs. Lecturers with high research output should be rewarded
and paid differently compared to others with relatively lower research output.

Thirdly, the results of testing hypotheses show that both “support for scientific re-
search activities” and “scientific research objectives of HEIs” had a positive effect on
lecturers’ scientific research output. This is also in line with previous research. The authors
of [19] and [29] argued that scientific research support had the most significant effect on
institutional factors. The work by [20] demonstrated that setting clear common goals
in scientific research was one of the factors that had the strongest impact on the results
of scientific research by lecturers. The influence of an organization’s scientific research
objectives on the faculty’s scientific research results has also been tested and recommended
by [6,19,22,32,61].

Therefore, the implication offered here is that HEIs should actively plan long- and
medium-term strategies for scientific research activities, with the positioning of clear
scientific research results, along with mechanisms and resources to ensure the validity
of the strategies. They should not simply offer annual plans according to the force of
administrative procedures. This solution can potentially increase scientific research results
in a sustainable and focused manner.

Additionally, HEIs should pay close attention to creating an environment and culture
that values and supports scientific research, building and developing research groups, and
encouraging collaboration between scientists inside and outside the organization. The
managers of Vietnam’s HEIs also need to pay attention to administrative reforms, scientific
research management mechanisms, and digital transformation to actively support scientific
research activities.

Fourthly, the factor “leadership” had a positive influence on lecturers’ scientific re-
search output, but it had less of an impact compared to the above-mentioned factors. This
finding is consistent with previous studies, but it has more significance when applied to
university governance particularly. The authors of [9,20,30] demonstrated that institutions
with academic excellence had leaders who could link scientific fields, select and train
young faculty members, encourage and develop new scientific ideas, attract funds, build
an environment to promote research and creativity, and set and disseminate goals.

Therefore, the implication for university governance is to further improve the aware-
ness of HEIs’ leaders of the importance of scientific research in the current context. They
need to have a sense of regular and clear communication about the organization’s scientific
research goals, always recognize and appreciate the results of scientific research, and be
fair in resource allocation. The selection and appointment of managers in departments,
laboratories, faculties, or universities should have specific criteria that are suitable for the
particular job (i.e., high creativity and different from ordinary administrative management).
In addition, in the current integration context, HEIs also need to pay attention to fostering
and improving management skills towards international standards for university managers.

Fifthly, “decentralization” is a new factor that was added in the research model, and
was the only factor that did not have an impact on lecturers’ scientific research output.
Due to the relevant findings in previous studies, this factor was tested and included in the
research model. For example, Ref. [20] demonstrated that participative governance was
a characteristic of organizations with high scientific research achievements. The authors
of [30] clarified that autonomy in building a research team and staff evaluation policy each
had a good influence on the results of scientific research. This result can be explained
and supported by several prior studies. The theory of management Y [62] noted that it is
impossible to have complete autonomy to achieve both organizational goals and individual
needs. Therefore, there is a need to decentralize at an appropriate level. The authors of [63]
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argued that decentralization does not mean sharing power to the extent that senior leaders
in the organization do not know the important rights of subordinates.

Interestingly, to the best of our knowledge, this may be the first study to quantify
“decentralization” in relation to university lecturers’ research results. It has experimentally
proven whether decentralization affects the research performance of lecturers. Although
the results of testing the model and hypothesis H2 show that this factor does not affect
the scientific research output of lecturers with a significance level <=0.05, this finding
still forms a theoretical and practical contribution as a basis for formulating appropriate
university governance policies.

Overall, this study has built a model and verified the influence of governance factors
on the scientific research output of lecturers. The results obtained can act as a guideline
to aid university managers in improving governance by prioritization of resources for
scientific research, policies for lecturers, support for scientific research activities, setting
scientific research objectives, and leadership.

Sixthly, the t-test and ANOVA results indicate that there is a difference in the scientific
research output between groups of lecturers. More specifically, the scientific research output
by males is more than that by females. The output of natural sciences is more than that
of social sciences. The output by lecturers who do not hold managerial positions is more
than that by those who hold such positions. The output by graduates from universities
abroad is more than that by graduates from domestic universities. The output by those
with advanced degrees is more than that by those with relatively low ones. The output by
higher seniority is more than that by lower seniority. Finally, the output by the middle-aged
group is more than that by the elderly and younger lecturer groups. The difference between
these groups is also mentioned in prior studies [7,11].

Thus, it is recommended that HEI managers formulate suitable policies for different
groups of lecturers. For example, the t-test and ANOVA results show that lecturers in
the natural sciences have higher scientific research output compared to those in the social
sciences. Hence, HEIs should have appropriate resource investment policies for each
field, and during each period. To rapidly increase scientific research results in the short
term, HEIs should focus on attracting and prioritizing more investment for groups of
lecturers with higher scientific research output, such as groups with doctoral degrees
or higher (especially associate professors and professors); those who graduated abroad;
those in the 31–40 and 41–50 age groups; those with at least three years of seniority; and
those in the natural sciences. However, to ensure sustainable and balanced development
in the long term, HEIs need to pay attention to the scientific research activities of the
remaining groups. In addition, the t-test results show that the group that does not hold
a management position had higher scientific research output than the other. Therefore,
the implication is that HEIs should change their mindset about appointing managers:
excellent scientists should manage research groups, laboratories, and centers of excellence,
without the necessity of holding other administrative positions that limit time and scientific
research performance.

Finally, this study has a novel contribution in terms of research methodology on
this topic. As the literature showed, it is difficult to find a study that adopted PLS-SEM,
even though this approach was considered to be the best alternative to CB-SEM in cases
where there is little theoretical background available [30,48]. Moreover, in this study, PLS-
SEM was employed in conjunction with the bootstrap technique, t-test, and ANOVA to
provide detailed insights on this increasingly important topic. In Vietnam, to the best of
our knowledge, this is the first study that utilized the SEM approach with such a large
population and primary data for this particular scientific issue.

Furthermore, compared with other works in the literature, this work can be considered
a rare empirical study that has focused on testing the influence of governance factors (i.e.,
not institutional factors in general) on the scientific research output of university lecturers.
Although the impact of management activities on employee performance is no longer
a new research topic, the number of studies focusing exclusively on governance factors
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affecting the scientific research productivity of lecturers is lacking. To date, most of the
studies only consider the institutional, environmental, and personal factors that affect the
results of scientific research.

In summary, this study not only offers theoretical contributions, but practical contribu-
tions as well, helping policymakers, managers, and lecturers to take appropriate solutions
for groups of lecturers in order to enhance scientific research performance.

5.2. Limitations and Suggestions for Further Studies

All studies have their limitations, and this study is no exception. Firstly, this study uses
a non-probability sampling method, so PLS-SEM has not been analyzed by different groups
of lecturers (according to demographic characteristics) to understand the influence of
governance factors on scientific research output by the groups. Meanwhile, non-parametric
measures (Kruskal–Wallis Test, Mann–Whitney U Test, etc.) that are considered more
suitable for non-probability sampling have not been utilized.

Second, this study explores the influence of governance factors based solely on lectur-
ers’ perceptions of their scientific research output. In other words, this is a cross-sectional
study, so it is impossible to compare the change of scientific research output in reality,
according to specific time and space milestones.

Third, this study assumes that governance factors have a direct influence on scientific
research output. However, in reality there are other mediating factors, such as the behavior,
motivation, and attitude of lecturers. Therefore, it is recommended that intermediary
factors (both as independent and dependent variables) be added to the research model.
Additionally, the review of the literature and practice also showed that there are many
other governance and personal factors that affect scientific research output which have not
been tested in this study.

Finally, the scope of this research has not focused on research-oriented universities in
Vietnam in particular. Therefore, caution should be taken when generalizing the results of
this study to all types of HEIs.

In the future, it is more reliable and worthwhile if researchers deploy the probability
sampling method, thereby applying PLS-SEM for different sample groups and employing
ANOVA more deeply for each sample group. It is possible to use time string data or array
data (not cross-sectional data) to conduct empirical research to clarify the relationship
between governance factors and scientific research results, which can be expressed after a
long time. In addition, it is necessary to explore the relationship between governance factors
and the attitude, motivation, and behavior of lecturers with respect to scientific research
and scientific research output. It is also possible to combine different approaches (i.e., other
individual factors and governance factors) to explain why, in the same environment and
with the same governance, lecturers have differing scientific research output. Finally, it
is necessary to expand the scope of the research according to groups of HEIs, which can
be divided by their research or practice orientation, autonomy, whether they are multi-
disciplinary or focus on a single field, and whether they are public or private universities.

6. Conclusions

This study has proposed and empirically tested a research model on governance
factors affecting the scientific research output of university lecturers. It has adjusted the
measurement criteria (observed variables) of the governance factor scales and scientific
research output according to the context of Vietnam. The results show that the level of influ-
ence of governance factors on lecturers’ scientific research output, in order from strongest
to weakest, is as follows: resources for scientific research, policies for lecturers, support
for scientific research activities, scientific research objectives of HEIs, and leadership. A
new scale of “decentralization” has been added to the analytical framework, but it was not
statistically significant regarding its impact on lecturers’ research output.

In addition, the study examined the difference in the scientific research output of
lecturer groups according to their demographics, including gender, age, degree and aca-
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demic title, experience, position (manager or not), place of graduation (abroad or domestic),
and scientific area. The obtained results reveal that there are differences in the research
output between lecturer groups. Hence, they provide empirical evidence for implications
in management decision-making and policy-making.

Overall, the obtained results can guide HEIs in evaluating the current status of sci-
entific research activities and the governance factors that influence lecturers’ scientific
research output, thereby helping these HEIs take appropriate measures to enhance their
scientific research achievements in today’s knowledge-based economy.
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Appendix A Description of Scales

Code Observed Variables Sources

Scientific research objectives of HEIs

1. OBJ1 My university always attaches great importance to scientific
research objectives. [4,6,32]

2. OBJ2 The scientific research objectives have been set with
coordination among the faculties and departments. [1,20,22]

3. OBJ3 The scientific research objectives are disseminated via many
different channels (website, email, software, etc.). [20,22]

4. OBJ4 The scientific research objectives are clear and measurable. [17]
5. OBJ5 The scientific research objectives are feasible. [20,22]

6. OBJ6 The scientific research objectives are in line with the interests
and desires of lecturers. [1,22]

7. OBJ7 My university has high requirements for the scientific
research output of lecturers. [20]

Decentralization

8. DEC1
My university encourages the participation of lecturers in the

process of management decision-making related to
scientific research.

Suggested by the authors

9. DEC2 Faculties and departments are empowered to decide many
professional and academic-related issues. Suggested by the authors

10. DEC3 Lecturers are facilitated to pursue their research directions in
compliance with their professional capacity. Suggested by the authors

11. DEC4 Lecturers actively participate in bidding and implementing
research projects. Suggested by the authors

12. DEC5 The management of the scientific research output of lecturers
is based on autonomy. Suggested by the authors

13. DEC6 My university has channels for listening to
lecturers’ feedback. Suggested by the authors

Leadership

14. LEA1 The university’s leaders tend to communicate clearly about
the objectives and orientation of scientific research activities. [22,30]

15. LEA2 The university’s leaders have a high reputation and
are respected. [30]

16. LEA3 The university’s leaders always show recognition and
appreciation for the scientific research output of lecturers. [20,21]

17. LEA4 The university’s leaders are fair in allocating and approving
research projects. [60]

18. LEA5 The direct leaders (at the Faculty/Department level) have a
high reputation for scientific research. [30]
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Code Observed Variables Sources

19. LEA6 The direct leaders (at the Faculty/Department level) have
good management capacity. [20]

20. LEA7
The direct leaders (at the Faculty/Department level) always

have effective guidance and orientation in scientific
research activities.

[20]

21. LEA8
The direct leaders (Faculty/Department level) actively

support and encourage the faculty’s scientific
research efforts.

[9,61]

22. LEA9 The direct leaders (at the Faculty/Department level) provide
fair and competitive development opportunities for lecturers. [9,61]

Support for scientific research activities

23. SUP1 My university puts effort to create an environment and
culture that values scientific research activities. [17,18,20,36]

24. SUP2
My university puts effort to simplify administrative
procedures (within its ability) to support scientific

research activities.
[17,36,60]

25. SUP3 My university has attracted many funding sources for
research and development activities. [5]

26. SUP4 My university supports lecturers effectively in the transfer
and commercialization of research output. [33,36]

27. SUP5 My university encourages the establishment and
development of research groups and collaborations. [13,14,27,30,45]

28. SUP6 My university’s departments and faculties always support
lecturers’ scientific research effectively. [18,32]

29. SUP7 My university organizes several scientific activities such as
conferences, seminars, workshops, and training courses. [17,60]

Policies for lecturers

30. POL1 Policy on lecturer recruitment focuses on scientific
research capacity. [1,35]

31. POL2 The reward regime is encouraging and motivating
for lecturers. [11,32]

32. POL3 The income regime is encouraging and motivating
for lecturers. [11,17,31]

33. POL 4 Lecturers are facilitated to become main lecturers, senior
lecturers, associate professors, and professors. [11,35,37]

34. POL 5 Lecturers are facilitated to improve their capacity at home
and abroad. [17,32]

35. POL 6 Lecturers are facilitated to arrange the time for
scientific research. [13,15,17]

36. POL 7 Young lecturers are trained, consulted, and oriented on
scientific research. [34,36]

Resources for scientific research

37. RES1 Lecturers are provided with research space (e.g., private
room/desk). [17,18,61]

38. RES2
Lecturers are provided with the necessary equipment for

scientific research (computers, internet, printers, laboratory
equipment, etc.).

[7,13,18,30]

39. RES3
Lecturers can easily access free information systems,

databases, and necessary documents for scientific research at
the university, faculty library.

[13,18,32,61]

40. RES4

Lecturers are supported with funding for
internationally-indexed publications/intellectual property

applicants/commercialization of scientific research products,
or funding support to carry out scientific research works.

[5,13,18]

41. RES5 My university has many lecturers with good scientific
research abilities. [17,18,30]
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Code Observed Variables Sources

Scientific research output

1. OUT1 The number of my international scientific articles in
ISI/Scopus-indexed journals tends to increase every year.

[4,7,20,37]

2. OUT2 The number of my other international scientific publications
tends to increase every year.

3. OUT3 The number of my scientific papers in domestic journals
tends to increase every year.

4. OUT4 The number of my research papers published in scientific
conference proceedings tends to increase every year.

5. OUT5 The number of my books/textbook chapters/monographs
tends to increase every year.

6. OUT6 The number of my patents, inventions, and registration of
intellectual property tends to increase every year.

7. OUT7 The number of scientific research projects that I lead every
year tends to increase.

8. OUT8 The number of scientific research awards that I and my
learners get tends to increase every year.

References

1. Jung, J. Faculty Research Productivity in Hong Kong across Academic Discipline. High. Educ. Stud. 2012, 2, 4. [CrossRef]
2. Vasiljeva, M.; Ponkratov, V.; Volkova, T.; Khairova, S.; Nikitina, N.; Dudnik, O.; Alimova, M.; Kuznetsov, N.; Elyakova, I. The

Development of Scientific Activity in Russian Universities. J. Open Innov. Technol. Mark. Complex. 2020, 6, 110. [CrossRef]
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Abstract: This study is a needs analysis that aims to develop a psychosocial module based on a
psychoeducation approach in order to strengthen the assertiveness, social skills, and psychological
well-being of public university students in Malaysia. The specific objectives of this study were
to identify the perceptions of university students on the need to design and build a psychosocial
module, identify the constructs that should be included in the phase of designing and building of
the psychosocial module as well as the support that has been received and the support that the
students desire while on campus. This survey study utilized a questionnaire distributed to a total
of 286 first year students studying at three public universities in Malaysia. The data obtained were
analyzed by using descriptive statistics. The findings of the study showed a highly positive response
from the students toward the development of a psychosocial module and the constructs listed in the
questionnaire. Implications from this study can further solidify the constructs that should be included
in the design and construction of the psychosocial module as well as identify the availability of the
approaches, strategies, and support activities that have been received and desired by the students.

Keywords: needs analysis; psychosocial module development; psychoeducation; assertiveness;
social skills; psychological well-being; university students in Malaysia

1. Introduction

Although higher learning institutions are considered stable institutions for accommo-
dating a group of high achievers with great intellectual capacity, there are, however, some
students who face many problems or difficulties that cause them to be unable to complete
their studies. Among the many issues discussed at the national and international levels are
mental health and the psychological well-being of students [1]. According to the World
Health Organization (WHO), the proportion of students declaring themselves as facing
psychological issues against the whole population of students in universities worldwide
have increased in recent years [2]. Furthermore, a research conducted by researchers from
the WHO World Mental Health International College Student Initiative (WMH-ICS) also
showed that one third of first year students experienced at least one psychological disorder
such as anxiety, panic disorder, or substance disorder [3–5]. Other research conducted by
Lipson [6] and Evans [7] also showed that the issue of the students’ mental and psychologi-
cal well-being was worse and more serious compared to the non-student population of the
same age.

In their study, Shamunip and Mageswari [8] evaluated the psychological well-being
of 308 Malaysian undergraduates and revealed that the students were operating at a sub-
optimal functioning level and experiencing depression. According to Manap et al. [9],
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being confined to their hostel rooms or homes without social contact during the recent
quarantine made these levels worse. In the field of education, low level of psychological
well-being can have a negative impact on the students’ achievement and therefore, less or
no motivation to continue their studies. In addition, Zahra and Soleimani [10] found the
existence of a relationship between psychological well-being and cognitive achievement
with academic achievement such as average grade point and exam scores. According
to Ryff [11], psychological well-being is determined by a few functionalities in life such
as having a positive relationship with others, environmental mastery, autonomy, self-
acceptance, purpose in life, and personal growth. However, according to Erpianaand and
Fourianalistyawati [12], psychological well-being is seen as the individual’s capabilities in
facing challenges and striving to function completely. On another account, according to
Suvera [13], psychological well-being is connected to the physical and mental well-being
of an individual. It also has a connection with a person’s feelings toward daily life and
psychological pressures such as anxiety, depression, disappointment, emotional fatigue,
uneasiness, and dissatisfaction. Generally, a student’s psychological well-being is focused
on life’s experience, feelings of oneself, and good mental health. Therefore, there is a
need for the psychological well-being of students to be given more serious attention by
all parties.

The effects of academic experience in the first year may differ at every university,
but under normal circumstances, it depends on the level of the students’ academic and
social integration. Therefore, the most important goal for all universities is not only to
provide knowledge and focus on student well-being, but also to encourage students to
build social skills for their current academic and professional pursuits. This is because
first year students not only have to adjust to university life, but they have to adapt to
the environment, new social relationships, and different cultures [14,15]. Nonetheless,
first year students require different social competencies throughout their academic years
such as social skills and assertiveness as mechanisms in communication, adaptability,
and well-being as well as strengthening their relationships with their fellow classmates,
faculty, lecturers, and community [16,17]. However, the study by Chin [18] found that
many university students in Malaysia had low levels of social skills, which were non-
assertive [19], low communication efficiency, and as in many countries, on average, many
students were also found to have moderate skill level in future orientation, critical thinking,
identity creation, and pro social tendencies [20,21].

Before explaining the concept of social skills, it should be known that there are sev-
eral terms related to social skills, namely interpersonal skills [22], interpersonal abilities,
social capabilities [23], and interpersonal and social communication [24]. However, social
skills are generally defined as intra and interpersonal skills such as communication skills,
teamwork, and cooperation. In addition, social skills are also a class of different social
behaviors that help individuals to cope with the interpersonal interaction process. In
other words, social skills can contribute to positive interpersonal relationships, which then
lead to better health, self-satisfaction, professional achievement, better teamwork, quality
life, and respect for others [25,26]. Assertiveness is also one of the components in social
skills. Assertiveness is important in helping students to be more open, confident, improve
satisfaction, and be able to establish good relationships. This aspect of skills should be
emphasized to produce students who are not only knowledgeable in the academic field,
but also students who have high competitiveness, are able to communicate effectively, able
to think creatively, critically, and to act rationally. There are a few studies that have proven
that assertiveness, social skills, and psychological well-being can be shaped and enhanced
in someone at school, college, and even at the university through intervention or exercise.
For example, Hamidah [27] conducted a study to examine the effectiveness of cognitive
behavior therapy (CBT) group counseling, and social skills training on student psycho-
logical well-being and social skill. The results showed that the intervention was effective
in improving the students’ psychological well-being and social skills. Robson et al. [28]
conducted a study to determine the effectiveness of psychoeducational interventions in
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improving the social skills of 57 medical students studying in bilingual universities. The
results showed that there was an average increase in scores related to social skills, as-
sertiveness, and academic experience. This proves that all three aspects can be enhanced
and further developed through psychoeducation, counselling, workshops or any given
exercises [29–31]. However, a psychoeducation approach is often used in institutions such
as colleges and universities to assist the counsellor or facilitator to convey information on a
short-term basis, especially with the increase in student numbers on a daily basis. Through
this approach, information is conveyed in various methods such as lectures, slide shows,
videos, forum discussions, and others. Psychoeducation is an approach that focuses on the
client’s psychological aspect and also educates clients on the techniques and strategies that
are educational. It also plays a similar role to counselling and psychotherapy in molding the
individuals toward being more positive [32–34]. Therefore, the whole problem demands an
intervention that can play a dominant role in promoting psychological well-being, devel-
oping social skills as well as assertiveness and thus increasing the probability of guidance
and counselling services being sought and seen by students as high quality, effective, and
comfortable resources.

Besides, many researchers have mentioned the need for a regular evaluation of the
needs of university students [35,36], highlighting its multiple benefits, and the possibility
of designing different interventions according to the specific needs of the students. For
example, Joana et al. [36] conducted a study to explore the psychological intervention
needs of the students attending Portuguese Catholic University. The results indicate that
participants need more information or support in the areas of the management of anxiety
and nervousness, fear of failure, job search, career choice, and time management skills.
However, it is not necessarily the case that institutions of higher education in this country
have invested in the creation of these interventions, and at times, their presence and
availability does not guarantee that they are demanded, since students do not always see
them as an effective and convincing resource to support their needs [37]. In this sense, the
present study aims to explore the student’s needs for psychosocial modules based on a
psychoeducation approach in strengthening assertiveness, social skills, and psychological
well-being. For this purpose, the needs related to constructs that should be included in the
phase of designing the module were also explored as well as the preferences regarding the
desired support and the support that was previously received.

2. Methodology

The focus of this study was to carry out a needs analysis to (i) explore the student’s
needs of a psychosocial module; (ii) determine the construct required in the design and
construction phase of a psychosocial module aimed to strengthen assertiveness, social
skill, and psychological well-being university students; and (iii) examine the support that
has been received and the support desired by students. The needs analysis used survey
design and data that were analyzed through a quantitative approach [38,39]. The study
sample selected was 286 first year university students in Malaysia. These students were
randomly selected from three public universities in Malaysia. This study used an online
questionnaire in which a Google form acted as the response platform. The general construct
of this questionnaire was divided into two sections. Part A consisted of the respondent’s
demographic information such as gender, race, field of study, socio-economic status (SSE),
and place of residence. Meanwhile, Part B consisted of three questions involving the needs
for the development of a psychosocial module, the constructs required in the design and
construction of a psychosocial module, and the support that has been received and the
support desired by students. Part B uses the Guttman Scale, which asks respondents to
express their opinions (either agree or disagree) on the items presented.

The questionnaire was developed by the research team based on an adaptation and
reconstruction of appropriate items and constructs from three measurement tools, namely, the
Rathus Assertiveness Schedule (RAS) [40,41], Ryff’s Psychological Well-Being Scales [42,43],
and Social Skills Inventory [44,45] as well as past study questionnaires that had been

157



Educ. Sci. 2021, 11, 604

conducted with an almost similar purpose. Before the actual distribution process of the
needs analysis among the respondents, the set of questionnaires were verified and validated
by six referral experts in psychology and counselling, module development, and academics.
Suggestions for the improvement and modification of the questionnaires from the expert
panels were applied before conducting the study on the actual target. Experts also provided
written reviews that the module was suitable for an intervention program to achieve the
set objectives.

3. Results

Quantitative data were analyzed using descriptive analysis. Descriptive statistical
analysis was used to describe the demographic information of the respondents covering
gender, race, field of study, socioeconomic status (SSE), and place of residence, the needs of
a psychosocial module developed based on demographics, the construct required in the
design of a psychosocial module and the support that has been received and desired by
the respondents.

3.1. Demographic of Respondents

A total of 286 students enrolled at three public universities in Malaysia participated
in this study. Of these participants, 161 were female and 125 male. In terms of ethnicity,
most of the respondents were Malay (194), followed by Indians (51), and Chinese (41).
The participants comprised students from varying fields of studies from which a total
of 97 respondents were from the social sciences while the remaining 189 were from the
field of science and technology. Regarding their place of residence, 103 of respondents
were from rural areas, and most of the respondents were from urban areas (131). Finally,
regarding socio-economic status (SSE), a total of 63 respondents came from a high socio-
economic status, 132 were from a medium socio-economic status, and the remaining
91 respondents were from a low socioeconomic status family. The demographic information
of the respondents is shown in Table 1.

Table 1. Demographic of the respondents (n = 286).

Demographic Frequency (f) Percentage (%)

Gender
Male 125 44

Female 161 56

Race
Malay 194 68

Chinese 51 18
Indian 41 14

Field of study
Science and technology 97 34

Social science 189 66

Place of residence
Urban 172 60
Rural 114 40

Family socioeconomic status
High 63 22

Medium 132 46
Low 91 32

3.2. The Need for Psychosocial Module Development

Regarding the evaluation of the needs of the development of a psychosocial module, a
total of 234 respondents agreed on the need to develop a psychosocial module. Of the total,
136 were female, while 98 were male. For fields of studies, a total of 172 respondents who
agreed on the need for a psychosocial module were respondents from the field of social

158



Educ. Sci. 2021, 11, 604

sciences while the remaining 62 were students from the field of science and technology.
Regarding place of residence, 131 of respondents were urban and 103 respondents were
rural. Meanwhile, regarding ethnicity, a total of 171 respondents were Malay, followed
by Chinese (32), and the remaining 31 were Indian, indicating their agreement on the
development of this module. Table 2 shows the evaluation of the need of psychosocial
module development based on the demographics as discussed.

Table 2. The needs of psychosocial module development.

Demographic Evaluation

Agree Disagree

Gender
Male 98 27

Female 136 25

Race
Malay 171 23

Chinese 32 19
Indian 31 10

Fields of Studies
Science and Technology 62 35

Social Science 172 17

Place of Residence
Urban 131 41
Rural 103 11

Family Socioeconomic Status
High 52 11

Medium 97 35
Low 85 6

3.3. Constructs Required in Designing the Psychosocial Module

In this study, the constructs used in designing and building the psychosocial module
were from three instruments: Rathus Assertiveness Schedule (RAS), Del Prette’s Social
Skills Inventory; and Olaz and Ryff’s Psychological Well-Being Scales. Therefore, the
questionnaire for data collection used the constructs from these three tools to identify
the constructs required by respondents to be included as the content and elements in the
psychosocial module. Based on the descriptive analysis that was undertaken, a total of 76%
of respondents agreed that the construct the ability to respect should be included in the
psychosocial module. In addition, as many as 82% of respondents agreed and required to
construct the ability to say ‘no’. Meanwhile, 83%, 80%, and 78% of the respondents agreed
to construct the ability to express feeling, probability of making mistakes, and interacting
and communication should be included in the psychosocial module. Furthermore, 80% of
respondents agreed with the construct of coping and self-assertion with risk, 78% agreed
with self-assertion in expressing positive effects, 82% on conversation and social confidence,
78% on self -exposure to unknown people and new situations, and 77% on self-control
from aggressiveness. Meanwhile, 74% of respondents agreed with autonomy constructs,
82% with environmental mastery, 77% with personal growth, 75% with purpose in life, 76%
with positive relationships with others, and 74% agreed that the self-acceptance construct
should be included in the psychosocial module. Table 3 shows the constructs that should
be included in the phase of designing the psychosocial module as discussed.

159



Educ. Sci. 2021, 11, 604

Table 3. Constructs required in designing the psychosocial module.

Original Instruments Constructs

Evaluation

Agree Disagree

f % f %

Rathus Assertiveness Schedule
(RAS)

The ability to respect 217 76 69 24

The ability to say ‘no’ 235 82 51 18

The ability to express feeling 237 83 49 17

Probability of making mistakes 229 80 57 20

Interacting and communicating 223 78 63 23

Social Skill Inventory
(SSI-Del-Prette)

Coping and self-assertion
with risk 229 80 57 20

Self-assertion in the expression
of positive effect 223 78 63 22

Conversation and social
confidence 235 82 51 18

Self-exposure to unknown
people and new situations 229 80 57 20

Self-control of aggressiveness 220 77 66 82

Ryff’s Psychological
Well-Being Scales

Autonomy 217 74 68 26

Environmental mastery 235 82 51 18

Personal growth 220 77 66 23

Purpose in life. 215 75 71 25

Positive relationship
with others 217 76 69 24

Self-acceptance 212 74 74 26

When evaluating the types of support desired by the respondents in light of their
previously identified personal, career, and learning needs (Table 4), most of the respondents
indicated a preference for workshops/brief courses (38%) and psychoeducation programs
(24%), followed by group guidance (18%), seminars (6%), individual guidance (5%), in-
dividual counselling (4%), and group counselling (3%). About six respondents indicated
that they did not want access to any type of support for their needs. For the evaluation
of the types of support that were previously received by the participants, most of them
indicated that they had not received any type of support (39%). About 33 respondents
stated they had access to workshops/brief courses, 29 received psychoeducation training,
18 stated that they attended seminars, 15 participated in group guidance, eight participated
in individual counseling, seven participated in individual guidance, and four participated
in group counselling sessions.

160



Educ. Sci. 2021, 11, 604

Table 4. Evaluation of the desired support and the received support.

Types of Support
Desired Received

f % f %

Individual counselling 17 4 8 4

Group counselling 8 3 4 1

Group guidance 65 18 15 8

Individual guidance 21 5 7 4

Seminar 24 6 18 10

Workshop/Brief course 142 38 33 18

Psychoeducation program 88 24 29 16

None 6 2 73 39

4. Discussion

A needs analysis is important in identifying information regarding the aspect of
module content that will be developed. Researchers conduct a needs analysis to collect
information about the context and situational research. According to Aliza and Zamri [46],
a module that is developed should take into account the issues that are being faced and
the readily available needs, so that the module that is developed can serve the purpose of
the target groups. For this study, students from public universities were selected as the
target users to conduct the needs analysis for a psychosocial module whereas information
on the content of the module was gathered from past studies as well as analyses on the
documents pertaining to the issue and the current problems faced by students that need
solutions. In general, the study focused on three main issues that have been studied during
research regarding the needs for the development of a psychosocial module, the constructs
required in the development of a psychosocial module as well as the form of the support
received and the support desired by the students.

First, regarding the student’s needs of the psychosocial module, the descriptive anal-
ysis showed that female respondents were more likely to agree with the development
of a psychosocial module compared to male respondents. This may be because women
are more affectionate, prone to crying, and at the same time, have lower assertiveness
than male respondents. Apart from that, for the field of study, the findings showed that
respondents from the social sciences were more likely to agree with the development of
a psychosocial module than the respondents from the field of science and technology. I
found that students in technical fields showed lower knowledge of emotions and social
competence than students in non-technical fields. This may be related to a stereotypical
understanding of the technical field, which requires only knowledge and core skills. On the
other hand, according to Agnieszka [47], social skills have also been recognized as skills
that should be possessed by all university students and need to be developed in other less
formal (social) ways, as the emphasis to develop them in learning is not effective. For this
reason, the field of study should also be considered in planning appropriate programs to
develop the social skills of students.

However, for SSE, study has shown that most respondents that agreed with the devel-
oped psychosocial module were those with low SSE. Based on the research conducted by
Namrata and Renu [48], students from low-income families displayed an overall pattern
of psychological well-being, which was almost similar to students from middle income
families. Besides, students from low-income families also displayed a low level in the
autonomous dimension, but a high level in life purpose and self-acceptance. In contrast, for
students from high-income families, they controlled all dimensions, which were environ-
mental mastery, positive relationship with others, purpose in life, self-acceptance, and the
overall PWB compared to students from middle income families. Therefore, considering all
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these effects, it can be concluded that the students’ socioeconomic status also contributed
to better psychological well-being among the new undergraduates.

As for the constructs required in module development, most respondents agreed
that the constructs regarding the ability to respect, the ability to say ‘no, the ability to
express feeling, probability of making mistakes, and interacting and communication should
be included in the psychosocial module to increase their assertiveness. In this context,
Malaysian ethics are quite different from Western ethics [49,50]. Previous studies have
shown that assertiveness is less commended in Malaysia, which has a collectivist culture.
The collectivist culture can be seen as reflected in the Malaysian students’ preference
for group success, teamwork, and interdependence as opposed to individual success,
competition, and independence [51]. Therefore, these differences influence the level of
assertiveness among the students in Malaysia, in which it was found that Asian students
had a lower level of assertiveness compared to students in the West. In the field of
education, the assertiveness skill is important to help students to express their needs and
positive or negative feelings truthfully and forcefully without any worry or intimidation.
Therefore, recognized constructs are required to develop this skill of assertiveness.

Meanwhile, more than 70% of students agreed that the constructs of autonomy, envi-
ronmental mastery, personal growth, purpose in life, positive relationships with others,
and self-acceptance should be included in the development of psychosocial modules. A
study conducted by Cabrera, Daya, and Echague [52] to identify factors that affected
the psychological well-being of students found that most university students had low
levels of autonomy, environmental mastery and self-acceptance, and younger students
had low environmental mastery. Therefore, by understanding the psychological and so-
cial constructs that influence PWB, then it can be used as content in the development of
student interventions.

Finally, regarding the results of the desired support and the received support for
their needs, most respondents indicated having participated in activities or programs in
group and educational settings such as workshops/courses, psychoeducation programs,
and seminars, which is compatible with other studies. The findings of this study also
coincides with the study conducted by Hammad [53]; This is also in line with the views
of Rodriguez et al. [54], who claimed that students preferred psychoeducation programs
because of the student-centered learning, interactive lessons, and team dynamics. However,
only a small number of respondents received and had access to psychoeducation programs.
Meanwhile, there are a number of students who state that they do not want any kind of
support for their needs. Therefore, it is important to distinguish between the participants
who consider that they do not have any needs in particular and those who, even after
finding out some issues, deny any type of support due to fear of the stigma or not knowing
how or where to find it. Consequently, this finding shows the need to design and build a
psychosocial module based on psychoeducation and can further increase the probability
that these services will become greater in demand since they are seen by students as a
resource of high-quality, is effective, and convenient.

5. Conclusions

In conclusion, it is relevant to investigate and explore the students’ needs before
developing and implementing interventions so that students that need support have the
opportunity to obtain it. With the realization of this study and considering any disparity
between the results obtained and the literature mentioned, psychosocial modules based
on psychoeducation should be developed and further contribute to responses that are
technically and scientifically appropriate to the identified needs. From this juncture, further
studies can be conducted by combining both qualitative and quantitative designs. In a
nutshell, it is hoped that the findings of this study can play a role as a reference for future
research in strengthening assertiveness, social skills, and psychological well-being for
university students.
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Abstract: The article explores the idea of change in the higher educational process that is implemented
via the problem-based learning strategy. Problem-based learning (PBL) is widely understood as an
epistemological transformation in higher education. It is emphasized that the transformation should
take place throughout the educational process, and assessment is an inseparable and very important
part thereof. The study was aimed at revealing the experiences of participation in the assessment
processes in PBL of students attending social science programmes in Lithuania. The empirical study,
employing a semi-structured interview method, has shown that the students feel empowered when
they have the opportunity to assess the entire educational process and (self-)assess the efforts related
to the possibilities to become actively engaged in improvement of the assessment strategy. The
study has also shown students’ critical approach to the previous experience of assessment in the
educational process. Difficulties of student participation in the assessment process in PBL were also
identified. They were largely due to the change in the assessment system employed by the teacher
and the manifestations of student bias when participating in (self-)assessment.

Keywords: learning; problem-based learning; assessment process; student experiences; higher
education

1. Introduction

1.1. Problem-based Learning Definitions and Assurance of Conditions for Response to Shifts in the
Education Process

The educational sciences explore new educational strategies that help meet students’
expectations towards their studies as they aspire to acquire life-long learning skills for
successful adaptation to contemporary society and finding a place in it. The purpose is
to promote student cooperation, teamwork, teaching and learning from each other by
addressing issues in constantly changing situations [1,2]. Problem-based learning (PBL)
is one of the strategies enabling students to develop the mindset of future professionals
and gain problem analysis and solving skills. Two PBL analysis approaches could be
identified. The first one is dedicated to the description of a specific PBL methodology [3,4].
The second is aimed at the exploration of the philosophical grounds of PBL that reflect
the epistemological transformation in higher education [5,6]. If viewed as a clearly and
comprehensively described teaching and learning method, PBL seeks to enable students to
gain practical experience and enhance problem-solving and self-directed learning skills.
PBL is emphasized as an educational strategy and philosophy that is important when
responding to the contemporary needs of society. This means that, instead of being viewed
in narrow terms, as a method, PBL is treated as a set of notions about teaching and learning
by highlighting the broad and flexible opportunities offered by it [1,7,8]. The PBL notion
that focuses on the philosophical grounds provides that a consistent student-centered and
empowering educational environment needs to be designed. Key features of PBL not only

Educ. Sci. 2021, 11, 678. https://doi.org/10.3390/educsci11110678 https://www.mdpi.com/journal/education167



Educ. Sci. 2021, 11, 678

translate into elements of an innovative educational technique, but also create conditions
for a new approach towards educational theory and the practice and emergence of new
roles of the participants in the study process.

The curriculum launched at McMaster University Medical School in Canada is consid-
ered to be the origins of PBL [9]. This strategy has become widely spread across disciplines
and varies in terms of its implementation models. Nonetheless, implementation of PBL is
addressed by referring to the key principles identified in the early period of PBL application.
The principles are as follows: learning should be constructive, self-directed, collaborative
and contextual [10].

The researchers who analyze PBL stress that PBL “is an instructional (and curricular)
learner-centered approach that empowers learners to conduct research, integrate theory
and practice, and apply knowledge and skills to develop a viable solution to a defined
problem” [11] (p. 9). When defining PBL, the focus is placed on the learners as the
individuals who are actively involved in the educational process. PBL has been noted
to positively affect learners’ perceptions of their self-directedness in learning [12]. The
learners become actively engaged in the entire PBL process and are important participants
in PBL assessment, which is also a part of the process [2]. Certain features of empowerment
didactics [13] could be traced to the PBL strategy. These features highlight the conditions
which enable the students to become the parties that actively construct and assess their own
knowledge. The instructor’s role of an assistant in PBL enhances learner empowerment [14].
Empowerment builds on the ideas of learner emancipation and changing power relations
in education. New power relations also emerge in teamwork, which is also an important
notion in PBL. This suggests the possibilities of implementing the ideals of epistemic
diversity and democracy. PBL has been noticed to be more attractive to minorities or
other marginalized groups than traditional instruction [15]. PBL dynamics empowers and
engages the learners who are usually denied the possibilities to express themselves within
a traditional curriculum [16]. Implemented in diversified teams, PBL promotes pluralism
of opinions, epistemic equality and solidarity.

The understanding of PBL as a philosophy stretches much further and deeper than
the limits defined by the curriculum or subject. This transformation of paradigm has been
drawing the attention of the experts for a long time [17]. It is only through transformation of
the notion of the traditional curriculum that it may be possible to enable the transformation
of the paradigm. In view of the differences within higher education, traditional learning
is generally referred to as simulation [18]. The learners do not find the learned content
to be personally important, and the “juggling” of formulas and rote knowledge does
not guarantee that they will be able to deal with real-life problems. Learners often learn
the way to meet teachers’ expectations and preferences and receive good scores rather
than the subject of instruction [18]. These learners aim to memorize and reproduce the
information rather than change their own understanding. Memorization and reproduction
at the right time (e.g., during the exam session) are also encouraged by the traditional
organization of the educational process and assessment is focused on the amount of the
material reproduced. The analysis of weaknesses of traditional teaching and learning
shows the need to organize teaching/learning in a way so as to encourage conscious
activeness in learners and constructive participation in the educational process as provided
for in the PBL strategy.

The modern educational process is characterized by change [19]. The new learning
often takes place in diverse, unconventional learning environments. The teacher acts as
a facilitator who supports learning. It is important to ensure that the relations between
the participants of the educational process meet the needs of the democratic society, and
education is implemented as a learner empowering practice.

1.2. Assessment in the Problem-Based Learning Process

Assessment is considered to play a special part in the PBL, and it is important that it
takes place regularly in order to assess the knowledge and competences gained throughout
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the curriculum [20]. The assessment process in PBL is aimed at encouraging its participants
to think critically about the ongoing process and the possibilities offered by its evolution.
The assessment that includes the specifics of traditional education is obviously unsuitable
for assessment of the PBL process and learning outcomes. It should be in line with the
PBL philosophy and show the learning achievements and teaching/learning outcomes
under the PBL strategy selected [21–25]. Learners gain a number of new skills in the
PBL process [1,26]. The assessment should become and be part of the personalized PBL
educational strategy that enables critical thinking in learners [27,28].

Learner-empowering assessment is associated with their active participation in the
process, requiring the ability to critically reflect on personal knowledge and authority to
perform certain actions in order to enhance their own learning practice. When empowered,
the learners have the chance to put forward the assessment topic and its format according
to their individual learning style. They may also seek agreement with the teacher about
the criteria to be used when assessing and scoring the work. Here, the learners are
empowered to take direct actions both individually and as team members when performing
self-assessment, judging the assessment and negotiating different approaches than those
practiced by the teachers. This means that the students are involved in main aspects
of the learner experience, such as assessment strategies. Teachers, in turn, enable the
students “to challenge and escape the confines of hegemony” [29] (p. 361). Assessment
as empowerment is essentially a democratic process. It has an indisputable value, as
it helps the learners develop their activity independently by using the self-assessment
and experience reflection forms. This method requires systematic and consistent critical
thinking and feedback from all participants of the educational process. Involvement of
other participants in the educational process in the process is also a significant domain of
the process of empowerment [30,31]. “Empowerment evaluation also requires sensitivity
and adaptation to the local setting. It is not dependent upon a predetermined set of
technologies. Empowerment evaluation is necessarily a collaborative group activity, not an
individual pursuit” [32] (p. 9). Learners are the principal consumers of assessment and
they should be enabled to benefit from this position. According to the majority of learners,
as they were using diverse self-assessment measures, not only did they succeed in focusing
all their efforts towards higher work quality, but they also managed to feel “less anxious”
when performing various tasks. Moreover, timely assessment/self-assessment of learning
also acts as a disciplinary measure and the possibility to realize whether the learner and the
teacher are satisfied with the degree of achievement of the expected learning outcomes [33].
An external evaluator—the teacher—undertakes the role of an assistant or facilitator in case
of any difficulties or a guide who helps find appropriate direction for the processes. The
evaluator is on equal terms with the learners, a critical friend—not a master or servant [32].

Learners can make autonomous decisions regarding their own learning, including
the way in which they would be assessed. Learner empowerment encourages the learners
to undertake direct actions both individually and in groups in order to assess their own
work, criticize the mode of assessment practiced by the academic world and negotiate on a
practice other than the one proposed. To give voice to the learners who feel dissatisfied
with the existing assessment processes, it is important to provide conditions for them
to regularly participate in the dialog by making sure that their ideas and processes turn
into the discourse that recognizes their participation [34]. Three fundamental challenges
must be overcome in the entire assessment as an empowerment process [35]: (a) student
participation in the assessment of their own learning; (b) feedforward, which focuses on the
delivery of information about the results of assessment that can be used in a proactive way;
(c) producing high quality assessment tasks. These three challenges can be broken down
into individual principles that, when operationalized by university tutors, enable them
to introduce innovative practice or procedures that influence the way that both staff and
students experience assessment. The innovative proposals based on the three challenges
mentioned above may be implemented by using appropriate technologies in a way so as
to empower the learners’ learning process in the academic setting. Simultaneously, the
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technology and extension of the respective powers may help the learners to cultivate the
skills and competences that determine strategic thinking beyond the academic context
(personal and professional) as well.

The theorists and practitioners of PBL have been exploring specific and particular
assessment strategies, techniques and instruments for the assessment to reflect the essence
of PBL [21,24,25,36,37]. PBL offers a diversity of forms and instruments to be used in
assessment. The majority of the authors who deal with the specifics of assessment in PBL
emphasize the need to properly blend the summative and formative assessment [38–40].
Formative assessment is a part of developing or ongoing teaching/learning, where the
participants in the educational process express their remarks and feedback to each other. It
includes feedback to the participants of the educational process with the aim of enhanc-
ing teaching/learning and improving the curriculum and process. The main aim of the
formative assessment is to develop future learning and encourage the students to reflect,
thereby empowering them to review what they have already learned and understood, and
receive feedback from the teacher on how to improve their achievements [40,41]. This
kind of assessment enables the learners to track their own progress and take note of the
competences and abilities that still need to be acquired, establish the link between learning
and assessment and adjust the learning style where needed according to the curriculum.

Application of the strategies of assessment by other participants of the educational
process, not just by the teacher, is proposed to ensure development of learners’ competences
and democratic distribution of the powers among the participants of the educational pro-
cess [20]. It has also been noted that various assessment techniques and instruments [42,43],
such as work folders, simulation, essay, reflection journals, reports, etc., could provide
substantial input in PBL. Assessment based on specific instruments (e.g., learning journals)
may be biased. The bias could be overcome by including groups of different evaluators [27].
A combination of assessment methods may help to compensate for the weaknesses of
a single method and provide a better picture of the PBL situation. Various assessment
strategies and instruments help the learners assess how well they learn rather than how
much they have learned [23]. Assessment in PBL is focused on the entire educational
process rather than just an outcome as a final achievement.

In general, assessment could be claimed to be one of the most popular forms of
power demonstration and the act of demonstration of (non)compliance with a norm. The
traditional assessment practice is often disempowering to the learners, and the learners
remain passive objects of the assessment. PBL avoids demonstrating the hegemonic power
via exams [44]. To the contrary, formative assessment promotes empowerment of the
participants in the educational process. In PBL, assessment as a process involves various
participants, assessment forms and methods to avoid the demonstration of hegemonic
power relations.

In a number of scientific sources, PBL is construed as an innovative approach to
learning medicine, where it has been applied and analyzed the most extensively [9,45–47].
The application of PBL to other science areas, e.g., social sciences, would provide a broader
perspective and see the potential for construction of social knowledge in the educational
process. In Lithuania, PBL has not yet established strong roots as a novel approach. Despite
the potential possibilities for transformation in education offered by it, PBL also challenges
the traditional (self-)education theory and practice. To highlight the benefits of PBL to
learners and identify the aspects that require improvement, the learners’ experiences in
PBL need to be analyzed and explored. In view of the above, the research aim was to reveal
the experiences of participation of the students of social science programmes in Lithuania
in the assessment processes in PBL.

2. Research Methodology

2.1. Context

The research pursued the aim of analyzing the students’ experiences of participation
in the assessment processes in PBL. The problem question of the research was: how do
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students’ experiences manifest themselves in terms of participation in the assessment
processes in PBL?

The study presented in the article was closely related to the PBL application project
conducted at two universities in Lithuania. PBL assumes active student cooperation in
teams when analyzing and solving problems. Assessment was considered to be an impor-
tant part of the entire educational process as provided for by the methodological principles
of PBL. The project was mainly aimed at developing the methodological and informational
support for problem-based teaching and learning in order to assure specialists’ competi-
tiveness on the labour market. The universities were selected for the project (as well as the
research presented in the article) according to the degree of their focus on social sciences.
The goal behind the application of PBL on the institutional scale was to improve the educa-
tional process in social sciences and to encourage the students to become actively engaged
in real-life, relevant problem solving, develop their social construction of knowledge and
collaboration competences.

The research covered diverse experiences, as the schools of higher education were
chosen in a way so as to make sure that there were certain differences between them. One
of the purposes was to ensure diversity of the research data. The first university was the
state school of higher education promoting change in the country and, in particular, one
of Lithuania’s regions. The second university was the Liberal Arts and Sciences school of
higher education. The outreach of the second university was not specific to any particular
region of Lithuania. The University rather emphasized the aspiration to build Lithuania’s
future and contribute to the development of global culture and science.

Eight study programmes in the social science area, comprising 70 study subjects
under the programmes delivered by 60 teachers and attended by more than 800 students,
were upgraded by integrating the PBL strategy during the project period. The teachers
participated in 6 workshops (duration: 8 h each) dedicated to presentation of the rationale
behind PBL and guidelines on its integration into the educational process. Previously, PBL
had been employed in Lithuania on the institutional scale in medicine learning only, and
project activities were largely centered on learning from the best foreign practice in PBL.
Teams of teachers preparing to use PBL would visit Maastricht and Sheffield Universities
to learn about the PBL application at those universities. Upon their return, they would
share the practice with the colleagues who were preparing to apply PBL in Lithuania.

Following the first semester of PBL application, a questionnaire survey was conducted
among the students and interviews with the teachers were held. They were aimed at
providing information about the students and teachers’ experience in relation to the PBL-
upgraded subjects. All teachers were found to have selected a partial, hybrid PBL model
for application. This implied the combining of conventional classes and PBL activity.
The study subjects, during which the students would become engaged in PBL activities
most actively, were identified. PBL was not fragmented, but was rather implemented in
these subjects consistently throughout the semester (6 months), covering more than 50%
of the educational process. During that period, the students were working in teams to
analyze and address real-life, authentic, ill-structured problems, e.g., they conducted a
study identifying and assessing the experience of school education and support received
by the persons with special educational needs; developed projects on the improvement
of the website of University faculties by implementing the knowledge gained during the
public communication-related subjects. The educational process was centered on students’
self-directed learning, and the teachers were acting as facilitators. Collaborative assessment
where both the teacher and the students take active part was emphasized during PBL
application. Following the approach towards PBL as a flexible strategy, the assessment
process and participants’ contribution into it were not subject to general regulations, and
could therefore vary from subject to subject.

The students who had attended the study subjects involving the most active use of
the PBL activities were invited to participate in a semi-structured interview for the purpose
of the research presented in the article. The article presents the part of the research that

171



Educ. Sci. 2021, 11, 678

addresses the PBL process. Students’ social construction of knowledge through cooperative
learning in the PBL context was presented in the previous publication by the authors [48].

2.2. Participants

The interviewees were selected by mixed purposive sampling, which implies the
use of two or more sampling methods in a single study [49]. The students selected using
the criterion sampling method participated in the research. They had been attending the
subjects with the most active use of PBL activities. The snowball sampling principles were
also employed in the study. This technique refers to the approach where the research
participants would recommend holding interviews with specific students who had unique
and rich experience in the PBL process. The sampling of the research participants helped
reveal the diverse assessment experience. The research involved 31 students from different
PBL teams. The participants represented two cities of Lithuania that were homes to the
universities which applied PBL in the area of social sciences.

The research participants attended the following Bachelor study programmes: Pub-
lic Administration, Business Administration, Economics, Public Communication, Special
Education, Primary Education and Education. The first university was represented by
15 students, the second—by 16 students. The gender distribution was the following:
3 males and 28 females. The unequal gender distribution of the respondents demonstrated
that social science study programmes (in particular, in the area of education) were predom-
inantly attended by females (the students under the Education and Primary Education and
Pre-School Education were females only). Twelve respondents were second-year, sixteen—
third-year and three—fourth-year students. The majority of the research participants fell
under the age group of 20–22, and only two respondents were 24 years old.

2.3. Research Methods

The semi-structured interview method was used to learn the research participants’
perceptions about the world, their construction of meanings and their interpretation of
their own experience gained in the PBL process. The analysis was focused on the way of
construction of the new knowledge as the horizons of meanings were merging. The way of
blending of the research participants’ previous understanding with new experiences and
the meaning it acquired for the subjects of cognition were identified.

With a view towards the research aim, the following main questions of the semi-
structured interview were developed: what was your experience of performing the assess-
ment in the PBL process? How was this experience different from your previous assessment
experience in the educational process? What is your evaluation of your experience in per-
forming the assessment in the PBL process? Why?

The interpretative phenomenological analysis applied in the investigation of the
interview texts was focused not only on the importance of the meanings emphasized by
the interviewees, but also on the researchers’ interpretations based on their experience and
knowledge [50]. Phenomenology-based research largely focuses on the experience [51]. The
conducted research, therefore, enabled the researchers to recognize the students’ authentic
“voices” as they were sharing their experience during the interviews.

Following the idea of “hermeneutic circle”, the researcher was moving in the between
part of the text and the whole of the text [51]. This showed the key meanings embedded in
the text. The following stages of analysis were completed in order to perform the thematic
analysis: attaining familiarity with the data through open-minded reading; search for
meanings and themes; organization of the themes into a meaningful wholeness [52].

The internal validity [53] of the research results was pursued by the efforts of the
researcher to participate in the research process directly and of the team of researchers
who are the authors of the present article. The process of data analysis by collaboration
helped reflect on the key experience presented by the research participants more accurately
and clearly, and to reach common understanding and empirical and conceptual agreement.
Confirmability of the qualitative research results was assured by providing the examples
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of research participants’ experience and ideas for illustrative purposes [54]. The results of
the studies conducted by various authors were used for better understanding of the data
of the presented research and preparation for the discussion.

2.4. Research Ethics

The research followed the fundamental principles of ethics: voluntary participation,
confidentiality, respect, etc. [55,56]. Research participants’ verbal consent to participate
was obtained during planning for the qualitative research. A convenient time and place
for the interviews were arranged with the research participants. All research participants
were acquainted with the purpose of the research, its benefits, participants’ rights and
the possibility to refuse to participate in the research. Prior to the interview, research
participants’ verbal consent to record the interview was obtained.

The confidentiality of the information obtained was maintained by restricting access to
the information provided by the research participants to the researchers only. To maintain
the confidentiality of the respondents’ identities, the researchers replaced the respondents’
names with pseudonyms where the results were presented.

The research followed the principle of respect to the participants. Their opinions and
experiences were deemed to be meaningful and respectable and were accepted as such. The
benefits of the research were sought to outweigh any potential damage to its participants.
Given that the research participants shared a fairly new experience, and this occasionally
resulted in tensions and ambiguities, the aim was to listen to the research participants and
give them informal feedback.

3. Results

3.1. Student Empowering Assessment Experiences

Students’ opinion about and experience in the educational process reflect their authen-
tic knowledge about the problem analyzed. The analysis of the respondents’ opinions on
the specifics of assessment in PBL has shown change in the power relations among all the
participants of the educational process. This included the diminishing role of the teacher
and, in particular, students’ active participation in the assessment process. The experiences
of the teacher–student collaboration and students’ active involvement in construction of
the assessment process in PBL became a form of student empowerment.

Analysis of assessment as an expression of democratic relations that enables avoiding
the power of hegemonic authority primarily focuses on the learners’ ability to reflect
on their own knowledge, efforts and learning experiences critically and openly. In PBL,
teachers usually do not have the possibility to monitor the entire educational process and
can see only the final result. This means that the students have positive views towards the
opportunity to assess themselves:

Of course, the teacher can assess objectively, but he doesn’t know how much
input I made by myself. What if I have the stage fright or something like that, or I
might not be able to express myself in the way that I have expressed myself when
collecting the materials and so on. So, it’s really good that we could perform the
assessment ourselves. (Vaiva)

The students have noted that self-assessment empowers them to reflect on their own
strengths that are not necessarily evident during the final exam. At the same time, other
unnoticed abilities that the students believe may play an important role in the assessment
become more prominent. The research results also show a change in the teacher’s role
and power in the processes. The teacher is no longer and cannot be any longer the only
and main evaluator, because his/her participation in the educational process is not active
enough to be able to assess the students objectively. In the assessment by the teacher,
objectivity is more related to unified assessment criteria applicable to all students. These
criteria may not cover students’, as different and special individuals, successful activity.
Hence, the students gain greater confidence, develop a more positive attitude and are
motivated to be more active when they have the possibility to perform the self-assessment.
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Another important aspect of the assessment is the opportunity to self-assess their
own efforts. The analyzed research results have suggested the popular opinion among the
students that the opportunity to perform self-assessment of the efforts was empowering:

In fact, we gave ourselves the assessment score of 10 just for the efforts <...>
There were errors, but it’s good. Because the most annoying is when you see that
others have not even tried at all. But you try very hard, and you failed, and your
assessment score is even lower. (Morta)

The opportunity to be evaluated for the efforts empowers the students to give more
effort and assess the errors from a positive perspective, as a path of improvement. However,
the student experienced negative emotions as she was observing the situations where high assessment
scores were the result of random success rather than individual’s efforts. The empowering
assessment during PBL prevents this kind of manifestation of failure.

The research results have also shown the perspective of adequate assessment. It is as-
sociated with each team member’s efforts that depend on individual capacities rather than
with equal contribution by each team member into the knowledge construction process:

Someone might have found this a very hard task. Given his capacities, this may
have been a rocket science to him, and it would be hard to think of anything he
could have done there. For me, it’s a different story. In general, I think it’s difficult
to tell who did more and who did less, in particular, in team work. Because when
you are in a team, you are responsible for the entire team. I don’t think that it
would count as team work, if they started estimating who did more and who did
less. I think this is up to the team members on how they are going to coordinate
this and what they feel their responsibility is. (Rasa)

The students emphasize that it is necessary to associate assessment with the team
members’ heterogeneity rather than their equality or benchmarking of individual traits.
It also substantiates the opinion that assessment is largely determined or should be de-
termined by the joint team effort and perceived personal responsibility for one’s own
contribution to the team work.

The students also note that PBL and its assessment specifics empowers and motivates
the students to participate throughout the educational process, as it is not a single success
or failure during final assessment that secures a positive assessment score:

I could personally claim that I like this method, because you’ll definitely have a
passing score if you attend classes and perform the tasks. If this is not PBL, then
you may not have success. Because then the student needs to attend class, he is
forced to do that, and when not forced, he is then motivated. (Tomas)

The analysis of the research results has revealed that the students have more favorable
views towards the PBL processes than the traditional educational process. PBL motivates
the learners to give effort throughout the process. In PBL, the students feel that they have
the power and control the situation. Positive assessment of students’ achievements depends
on their actions rather than external circumstances that they have little control over.

The students had favorable views towards the qualitative aspect of PBL, where the
quality of their learning path is emphasized. This kind of assessment is set against the
exam, an assessment method widely used in traditional educational processes. Although
exams follow clearly defined assessment criteria, the students still consider the exam results
to also be determined by unexpected circumstances, one of them being either good or
bad luck:

It shows very clearly who and how studied genuinely. Because an exam, well, it
sometimes is a lottery. You are other lucky or not. You might know a lot, but no
one can see it. (Morta)

The research results show that, due to its specifics, PBL assessment enables the stu-
dents to express themselves better, be visible and measure each team member’s contribu-
tion. The student who associated the exam with the lottery shared that she had negative
experience during the exam.
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Receiving feedback from all participants of the educational process is another impor-
tant aspect of assessment in PBL. This refers to each student’s personal reflections not only
on their own activity, but also on other learners’ activity and their individual contribution
into the joint work during PBL. According to the students, the reflective assessment by
other team members served as a formative component that helped each team member
improve and become constructively involved in the activity, pursuing the shared goal:

You are not angry saying this, but rather say it kindly: “You virtually did not
bring anything on the table today, and we had to do everything for you. I even
cannot be sure whether I should give you any task or not, because you might be
incapable of doing it.” And I think that this is the push to that person: “I should
probably try harder and do it” <...> We communicated a lot, worked together a
lot, and the shared approach to the work actually developed. And the assessment
and everything else were highly related to this. (Vilma)

The analyzed research results have revealed the students’ abilities to assess insufficient
efforts by another member of the team and his/her irresponsible approach to the joint
work in a polite, but also open and critical manner. According to the students, constructive
assessment of other person’s efforts pushes the person to try harder and to undertake
the assigned tasks with greater responsibility, which gradually leads to unity within the
team and promotes team spirit. The students have emphasized that the assessment that
empowers improvement is an inseparable part of the PBL process.

The students have acknowledged that self-assessment and assessment of other team
members was very hard, but inevitable in order to reflect on their abilities. The pre-
established rules and terms related to assessment helped maintain the unbiasedness:

At each meeting, we had to assess ourselves and another team member by giving
a certain score <...> This was the idea, and if you did not prepare or do anything
at all, your score would be very low <...> That kind of assessment was very, very
hard. Moreover, you need to assess yourself as well, because sometimes you
need to distance yourself a lot to be able to see how much and what you can
do. (Vilma)

The students’ experiences show the importance of objective and responsible (self-)
assessment of oneself and other team members. The empowering assessment places
particular importance on deep self-cognition, assessment of own powers and capacities
that ensure a person’s further growth and development perspective.

The research results have revealed students’ contemplations that emerge during
assessment of the peers and shown their expanding understanding of the assessment:

A positive score means that there is a certain amount of work that has been done.
If none, then why should it be five? (Gvidas).

...We came to the point where we decided that giving good scores to the ones
who were not doing anything was not an option. (Augustė)

Students’ active participation in construction of the assessment principles becomes
evident. At the same time, new power relations that the students attempt to justify by
reasoning could be observed to emerge in the educational process. To ensure objectivity of
the assessment of the contribution, the students are inclined to eliminate the perspective
of the closeness of relations. This helps to promote the components that are important for
openness and honesty of those who genuinely study rather than those who simply pretend
to study.

Empowerment of students as active subjects of assessment is also evident when
addressing the manifestation of collaboration with the teachers in the process of assessment.
In most of the PBL cases, assessment was performed both by the teacher and by the students
in order to avoid any problems that could emerge, if the right of assessment had been put
into the hands of a single person in advance. The research results have revealed positive
aspects of the collaborative assessment:
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It is also good for the teacher, because he can make more adequate assessment
without participating fully in the learning, work process. I think that he looks not
only at the work done, but also at the process itself. So, I believe it’s the benefit
for the teacher as well. (Monika)

The students have noticed that, in order to assure openness, clarity and transparency
of the assessment, they were the ones to have initiated collaboration with the teachers
in terms of assessment of the team members. The students shared a situation where the
teacher gave the highest score for the team work, but the students reduced the score to the
minimum for one of the team members after they had reviewed the PBL process and the
team members’ contribution and provided their reasoning to the teacher:

The teacher may naturally have the question: why not give the score of ten to
everyone? And it turns out that although the joint work was given the maximum
score of ten, it does not go to everyone individually. It was probably for this
reason that we approached the teacher and told him that we would not be willing
to give the maximum score to one person. (Gvidas)

The research results revealed a situation where the student authority in the educa-
tional process was legitimate and reasonable as they were reconstructing the assessment
mechanism proposed by the teacher in view of the insufficient contribution by the spe-
cific team member. This principled but reasonable and weighed decision by the students
about another student is important from the perspective of empowering assessment. It
emphasizes that the pre-established set of assessment techniques is adapted according to
the circumstances by collaboration of the subjects participating in the assessment rather
than followed blindly and without any change.

3.2. Difficulties of Student Participation in the Assessment Process

The research has revealed that the students place particular emphasis on assessment
as a certain form of manifestation of the student–teacher relationship. This is common in
the discussion of the previous experience of the educational process, the unwanted aspects
of which are sought to be eliminated by using the PBL strategy. The exam becomes an
important tool of assessment and often enables the teacher to take a convenient position by
controlling the student’s learning process. The students have noted that, where the teacher
holds the assessment in his hands, the students learn for the sake of satisfying the teacher
and gaining a passing score rather than in order to develop own knowledge:

The teacher, as he put it, has own little system, and the students master this
system. Each teacher has his own system. So, we master that system and then
work according to it. (Gvidas)

The excerpt from the interview reflects another problematic situation, where the
teacher’s power of assessment becomes more imagined rather than real, if the assessment
system remains unchanged for some time. The authentic reports by the students provide
evidence that students make use of this situation and adapt to the assessment system used
by the teacher, leading to partial abandonment of other important parts of the educational
process that might have less influence on the final assessment result. Hence, the teacher’s
position promotes cursory learning.

Nonetheless, there are diverse issues emerging from the situation in PBL where
assessment is not only the teacher’s prerogative. Construction of individual knowledge of
the participants of the educational process is limited by the factor of bias or subjectivity.
This means that, in the educational process, the focus is placed on the empowerment of
students to assess their own learning achievements or peers’ contribution into the joint
work. The students have noticed that assessment was complicated in that it was not easy
to maintain unbiasedness in assessment of the contribution by other students in the group
or by the student who did not participate actively or at all. Focusing on only the work
actually performed is almost impossible in the assessment process, as strong orientation
towards personal relations could be observed among the students:
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Problems arise due to the friendships. God save me from showing anger or
becoming the one frowned upon. Everything is because of that. If the group, for
example, is girls-only or boys-only, and the group members do not have much
in common in regular life, but have become familiar because of the project and
have started working together, then they would actually assess the work itself
rather than the friendship. (Goda)

The research participants have emphasized that close personal relations between the
group students become a real obstacle to unbiased (objective) assessment of the contribution
by the friends in the group. It has been noted that the teams should be formed for group
work so as to include diversity of personal relations. In this case, not only the group work,
but also the process of assessment of the contribution, would be more constructive. Hence,
the analyzed factor of bias becomes the obstacle that limits both the development of PBL
strategy and the assurance of real, rather than simulated, formative assessment.

Students’ inclination to communicate with their peers in a closer way than with the
teachers is another problematic perspective of the assessment which has become evident in
the research. Students start negotiating with their own team members to make sure they
receive passing scores for the work they have not done:

There was a student, she did not attend classes. We still had to assess her. When
she saw us, she still asked for a passing score, although she had not done anything.
I am not a greedy person, so I gave her five, it was not difficult for me. But in this
case there may be problems. (Rokas)

But she asked to give her a passing score just out of solidarity. Of course, we
threatened to give her the score of zero at first <....> Then we decided to give her
the score of five. (Gvidas)

The research results have revealed that the peer student was asking the team for a
passing score by appealing to the principle of solidarity that is important in a democratic
society. However, in this case, solidarity is understood not as a precondition for successful
social construction of, but rather as an essentialist concept associated with, a certain status
(all of us are students, and we can reach an agreement on the score). It may be noted that
the assessment was not formative in that team, while PBL principles emphasize the role
of formative assessment. The decision to give a positive score to the peer student who
had not contributed to the joint work did not originate from the essence of activity in the
PBL team, but was more determined by the mere authority of (self-)assessment granted
to students. An assumption could be made, namely, that the students were not prepared
sufficiently for objective assessment.

The situation where it was attempted to use assessment as a tool of revenge was also
observed in the assessment process in PBL:

This girl who really did not contribute to our work whatsoever, she was assessed
respectively. She was very angry at us and said: “Just wait and see. The next time
I will be assessing you all like that”. (Saulė)

The assessment manifested itself as power used for destructive purposes rather than
following the original purpose of the assessment, i.e., to allow the ones who have become
closely familiar with the undergone educational process to perform the assessment, as the
assessment may be the most adequate if performed by them.

Unbiased (objective) assessment of other team members and oneself is a very difficult
and task which comes with responsibilities. An opinion was expressed, namely, that
assessment in PBL should be performed by the teacher, as certain students were misusing
the assessment:

It would be better if the teacher performed the assessment herself during the
PBL. Because, for example, the leader wanted to get the score of ten, but he
had not deserved it, and there were huge discussions on that that even led to
conflicts. It was not right that we had to assess ourselves, the leader had to assess
himself. (Tomas)
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The students have clearly contextualized the perspective of importance of the teacher’s
role that may help prevent an inadequate assessment. This may happen when a student—a
team leader—demonstrates the authority regardless of his/her actual contribution to the
final result, thereby seeking favorable assessment for himself/herself. In this case, the
students view the assessment performed by the teacher as the possibility to avoid the
necessity to assess others and oneself by reflection, by assuming the responsibility, and to
avoid unpleasant discussions or conflicts with the group peers and, in particular, leaders.

However, there were the cases of disappointment even in the assessment performed
by collaboration between the students and teachers. For example, the participants were
assessed using different weights:

We expressed and assessed everything by reflecting after each class. However,
this was not taken into account in the final version. <...> So, the last time that we
saw all our scores, it turned out that they were the same for everyone. (Mantė)

Considerable disappointment among the students was caused by inadequacy of the
assessment in PBL and insufficient appreciation of the students’ contribution:

I personally believed that I had put a lot of work into this, much more than
the final assessment. I think that the teacher did not consider that. I was a bit
dissatisfied. <...> No, the teacher knew that it was only me who had conducted
the interview. She could have forgotten about it by the time of that class. I did
not try to find out. (Skaistė)

The research results have revealed that the dissatisfaction and problems emerging
in the learning process under the new mode were not verbalized or discussed, which
could otherwise take the PBL to the ultimate goal of a constructive and empowering dialog
among all the participants of the educational process. The context of students’ passive
position has also been revealed. In that situation, inadequate assessment became the tool
of the teacher’s authority that caused disappointment in the student and, as a result, the
student’s passive role in the assessment process.

Another case that caused dissatisfaction with the assessment in PBL in a large group
of students was related to changes in the pre-established assessment rules initiated by the
teacher without consulting the students. The teacher performed the assessment himself
on the basis of the students’ answers during the defense of the work prepared in line with
problem analysis and solution:

The defense of the work initially had to account for somewhat ten per cent as
promised, but then it turned out that the score given for the defense reflected the
entire work. So this made one hundred percent. (Sigita)

The student has noted that the assessment method did not necessarily reflect each
student’s contribution to the work. Assessment by the teacher that became similar to the
traditional exam caused stress to the students. It was more related to reflection of the ability
to act in a certain situation of defense of work than reflection of the cognitive and social
skills that were expected to manifest themselves during the PBL:

Some of the people might have been displeased with that, because that public
defense could have caused them to trip and added the pressure. The person
might have worked a lot, but simply did not know how to defend the work at
that moment, express his thoughts immediately. And the score was probably
lower than it could have been. (Sigita)

This was a situation where, in an attempt to build the educational process on the
PBL principles, the teacher still had the dominant role at the stage of assessment of the
learning outcomes. Not only did this return full authority to the teacher, but also made
the students doubt the possibilities for their active participation in the educational process.
They felt as if they had been deceived, because their empowerment in the assessment of
the educational process was only superficial.

The teacher’s role was not considered to be as that of an empowering facilitator—a
feature essential to the PBL process. According to the research findings, the teacher was also
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performing the function of an observer that was linked by the students to the assessment;
hence, the teacher’s role caused anxiety:

The teacher’s role was more related to observing what we were doing. In fact,
the teacher would come closer and listen to us discussing. And, suddenly, all the
thoughts would freeze, because everyone knew there was someone coming to
assess you. (Diana)

The student’s experience was related to the teacher’s traditional function to observe
and assess the students’ work. The students shared an experience that was the opposite
of an empowering assessment, when the students were observed and any action on the
student’s part could have a negative effect on the assessment results. Hence, the students
had a mental block which prevented them from thinking freely. In that case, collaboration
between the teachers and students did not take place, and assessment was viewed as
an obstacle rather than an opportunity to improve their own learning outcomes. The
contradiction to the PBL practice and, in this case, the assessment principles applied in PBL
has become evident.

There were cases where the students strongly lacked the characteristics of formative
assessment and feedback upon completion of the PBL activities. The assessment results
would often be provided by the teacher without any discussion, even though the student
wanted to have the discussion:

There was no summary that would have enabled us to realize what we had done
wrong and what we should be doing the following time<...> You really want the
feedback, if you put so much effort. I’m not talking about appraisal, but some
healthy criticism. (Mantė)

The importance of feedback as an important component of enhancement of the educa-
tional process is revealed.

Manifestations of passive collaboration between the teachers and students in the
assessment process have been noticed:

Then the teacher writes down everything, the final score, scores for the project
works, emails it to us. Then the teacher appoints the time for consultation prior
to the exam. And then it’s up to us whether we want to come or not, discuss on
the assessment, result, and so on. But after that the desire goes away, and you
just do not come.

The research findings have shown that the participants of the educational process
supported the idea of collaborative assessment. This idea, however, was not implemented
in practice sufficiently enough to become an important aspect for PBL improvement in
the future.

Having experienced dissatisfaction with the fact that the assessment was not formative
or empowering, the students made proposals on possible improvements in the assessment
procedure for it to become useful for their learning. It is proposed to make assessment more
transparent by enabling the students to reflect on their learning process, and to include the
peers in the group for them to participate in the reflection. This would enable the learners
to formulate their respective conclusions and learn from the experience:

And, for example, write the reflections down on sticky notes or something like
that, so that the reflections are publicly accessible to everyone. You just don’t need
to write your name: “I believe that everything was fine in this regard because... I
didn’t like that because...” And it’s important that everyone could see them. I
think this would be more useful. Because they are not afraid that they might be
identified by others who read their notes. There could be an opinion that may
be useful for me, for example. It would be more useful than the way it’s done
currently, when everything is highly concealed. No one knows what, how, or for
what purpose. This could be the reason why the ideas are not considered, the
conclusions are not made. (Goda)
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Publicity of the assessment could level out the dominant position of the teacher, so
that it is closer to that of the students. This would enhance the assessment based on the
PBL principles in the educational process where learning takes place by observing peers’
works and taking into account their constructive, objective remarks.

4. Discussion and Conclusions

Active and diverse discussions on PBL among the researchers [1,3,4,7,8] reflect the
relevance of this educational strategy. The article supports the idea that PBL reflects
an epistemological transformation in higher education and enables development of the
general view of the new understanding about teaching and learning. This kind of approach
suggests that a consistent, student-centered and student-empowering system needs to be
designed when organizing a PBL curriculum. PBL principle-based assessment is considered
to be an inseparable part of PBL as an innovative educational strategy.

The transition from traditional learning to PBL should be gradual and moderate in
terms of pace, as the discourse that supports the traditional educational process is deeply
rooted and often develops concealed forms, having a subtle, unnoticeable effect. As soon
as the PBL was launched, the coexistence of different discourses could be observed: the
efforts to attain innovativeness and collaboration were accompanied by the frequently
observed tendency to return to the traditional educational practice. When preparing for
the application of PBL, it is important to realize that there may be a strong fear of change
at the beginning of implementation. The participants in the educational process had new
questions about the organization of regular work. It may be difficult for them to understand
and accept the new roles and commitments. They were concerned whether the learning
outcomes would be clearly measured and properly assessed [57,58]. It would therefore be
reasonable to inquire into the experiences of the participants in the educational process
that they have had at the beginning of PBL implementation and assessment in line with its
principles. The experiences help reflect on the perspective of implementation of PBL.

For the assessment to comply with the PBL principles, the researchers [15,23,42] have
proposed taking into account different aspects related to assessment. Students gain a
wealth of skills, in particular, transferable skills. The former enables them to be confident in
unconventional situations, realize the importance of life-long learning and gain advantages
in the post-modern and constantly changing world [59]. For assessment to be focused on
the students’ skills that are important at present, to be applied to PBL, the very goal of
assessment should be put into scrutiny [23]. In PBL, it becomes more distant from the goal
of traditional assessment. The goal of assessment in a PBL process is the empowerment of
the students to actively study and provide feedback, assess learning in view of the expected
learning outcomes and verify the criteria of assessment and standards. The research results
have revealed the manifestation of student-empowering assessment. This means that they
participate actively in (re)constructing the assessment aspects that do not satisfy them
rather than passively accepting the pre-established assessment criteria. Further, to the
contrary, the students find themselves in a confusing situation and imply that it would be
safer to stay with the traditional assessment in case of the absence of a constructive dialog
among the participants of the educational process, obscurity of the assessment criteria or
changes to the assessment criteria after the educational process has started.

In PBL, positive assessment is aimed at contribution to the growth of the participants
of the educational process and promotion of construction of their knowledge. Hence, it is
important to raise the question of whether the assessment is reasonable and meaningful.
Student-empowering assessment that promotes their growth is desired in PBL. During
summative assessment, the learners try to emphasize what they know and are able to do.
They also try to hide what they do not know and cannot do as much as possible [23]. In the
traditional assessment, the errors noticed and corrected by the experts bring the learner
back into the defined boundaries of what is normal. In PBL, the errors are, to the contrary,
viewed as a positive impetus for learning. The students become used to reflecting on their
own experience in the learning process and improve professionally by learning from their
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mistakes. Hence, the knowledge is expanded as the students learn from other people’s
and their own mistakes and experience [60]. The traditional assessment system does not
provide a sufficient impetus for students’ progress. According to the research findings, in
their reflections on their own experience of traditional teaching and learning, the students
noted that they would learn by taking into account the teacher’s system which they had
managed to identify. Traditional learning often makes assessment a fearful experience for
the students, and a controlling process [61,62]. The research findings have also revealed
students’ anxiety, as well as their experience of mind blocks when the teacher was watching
them or listening to their discussions, as this could influence the assessment. This kind of
reaction experienced by the students probably originates from the experience of traditional
assessment that is present in students during PBL as well.

Assessment in PBL is characterized by the diversity of shapes and methods, and spe-
cial and particular assessment strategies, methods and instruments are explored [21,24,25].
The results of studies on the effectiveness of PBL conducted by various researchers have
revealed that the students who learn in a traditional way demonstrate better results from
standardized tests, and their results are also better in basic knowledge [63–66]. PBL,
on the other hand, guarantees learners better problem-solving skills, skills of acting in
practical situations, performing self-directed learning, collecting information and per-
forming self-assessment; it encourages them to focus more on the understanding rather
than reproduction of information [67–69]. When analyzing the effectiveness of PBL, the
researchers [70] have determined that the more appropriate the assessment method which
is selected for assessment of the students’ skills, rather than knowledge, the more effective
is PBL. While traditional assessment seeks to assess students’ knowledge by measurement,
this strategy is ineffective and loses its sense in PBL. The skills cultivated during PBL are of-
ten aimed at students’ life-long learning, and it is not easy to measure and assess them. The
research participants have revealed that the new forms of assessment, e.g., self-assessment
and assessment of other team members, caused a lot of difficulties; however, they were
inevitable for reflection on the skills.

Public aspect becomes very important in PBL in relation to the entire educational pro-
cess, and not just for its completion, i.e., aggregation of the results. Traditional assessment
sets the teaching and learning process apart from its result [1]. Contrary to the traditional
educational process, the result of PBL cannot be separated from the process. The research
results have shown that the students identified a lot of advantages of the PBL assessment
as opposed to their traditional assessment. The students were highly discouraged by exam
experience, where luck rather than students’ efforts was allegedly an important factor of
success or failure. For the researchers, these student experiences of assessment in PBL point
to certain possible causes behind this situation. One of them is the teachers’ insufficient
preparedness for assessment in PBL, when theoretical knowledge does not translate into the
educational practice in a fully appropriate manner. At the same time, the researchers have
new problem questions emerging from the research findings, namely, why the assessment
process has become more distant from the principles of the PBL concept in implementation
of PBL. One of the possible explanations is a fairly difficult path from the theory of PBL
to its practice [71]. The educational process in PBL motivates the learners to exert effort
throughout the process. The students feel empowered, as their assessment score usually
depends on their efforts rather than the external circumstances that they have little control
of. As well, to the contrary, the students become disappointed by the cases in the PBL
where not the entire educational process, but, e.g., defense of the work, was assessed,
which reminded them of a traditional exam at the end of the course. The researchers also
acknowledge that assessment causes certain signs of disappointment both generally and
in PBL. On one hand, this could be related to the ambiguity of student’s situation when
he/she has to assess peer’s and their own work. On the other hand, disappointments may
also be related to insufficient effectiveness of collaboration in a group [72].

When analyzing assessment in the educational process, it is also important to consider
the question of “Who performs the assessment?”. The answer is obvious for the traditional
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assessment—assessment is the teacher’s prerogative. PBL has a strong effect of increasing
students’ autonomy. When granting greater responsibility for learning, it is reasonable
to grant more responsibility for the assessment of achievement of the expected learning
outcomes as well. Whereas PBL activities take place in various settings and students work
in small teams, assessment where the teacher has the main role becomes inappropriate.
The teacher does not have the capacity to observe and assess the entire PBL process. The
teacher acts as an assistant in the assessment process [32]. The research results have also
revealed the transformation of the teacher’s role in the assessment processes of PBL. It has
been observed that, due to the PBL specifics, the teacher no longer is and cannot be the
only and main evaluator, and this is considered to be a positive aspect.

The research results have revealed that the students often assessed their own work in
the PBL process. Assessment of the team members was also common. Self-assessment and
activeness of other participants in the educational process are important attributes of the
transformation of education that is characteristic of PBL [30,31,73–77]. The students were
happy to be able to (self-)assess not only their knowledge, but also the efforts that depended
on personal traits. Other studies have also revealed the advantages of peer assessment,
as it enabled the development of such skills as active listening, cooperation, tolerance,
self-discipline, self-control, collaboration, negotiation skills, openness, empathy, confidence,
teamwork skills, skills of sharing the work load, persistence, creativity, civic consciousness
and others [20,78]. The research participants could still trace the complexity of assessment
of other team members, because it was not easy for them to distance themselves from the
bias (subjectivity) when the students would seek to use the assessment as a tool of revenge
or ask other students to assess them for the works they had not actually done.

When considering the question of the participants performing the assessment, it would
be reasonable to look deeper into the importance of collaboration between them in the PBL
process. Empowering assessment emphasizes the importance of collaboration between
the teachers and students, as well as students’ active engagement by involving them into
development of the assessment strategies [34]. The research findings have revealed that the
assessment criteria were occasionally adapted to the circumstances as the participants of the
assessment were collaborating. However, the study has revealed certain cases of students’
disappointment in PBL: insufficient collaboration with the teachers became evident during
the assessment, the assessment scores were not discussed and not all assessment scores
provided by all the participants were considered. The issues emerging in the assessment
process were emphasized by the students as one of the factors pushing them to return
to the traditional educational process. This implies hierarchical relations and is clearly
considered to be unchanging from the beginning and does not provide the students with
unfounded hopes that they might also be holding the authority in assessment.

The research findings have revealed that the participants in the educational process
support the idea of collaborative assessment. Nonetheless, it was implemented insuffi-
ciently in practice. The students who participated in the study formulated certain recom-
mendations as they recognized the benefits of PBL and reflected on their experiences in the
process. The recommendations were focused on the possibility of changing the behavior of
the participants in the educational process for the behavior to be more in line with the PBL
principles. The students expressed the desire to make the assessment process more open
and transparent, and to receive timely feedback that would lead to improvement.

It is acknowledged that various difficulties are encountered in the implementation of
PBL in the educational practice. Teacher’s directedness and inappropriate organization
of the learning process are common issues [79]. On the other hand, the manifestation of
teacher and student’s roles becomes the challenge or difficulty in PBL [80]. According to the
findings of the conducted research, the teacher is inclined to take the dominant position in
the assessment process. Meanwhile, the student makes decisions that may be inadequate in
certain situations (for example, the student misjudges or makes unreasonable judgements
of peers’ work) as he/she fails to realize the importance of their own role. Nonetheless,
there are other perspectives as well, when assessment or the assessment score reflects the
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actual level of competences attained by the students. Moreover, the assessment result is
associated with the possibility to continue improving the existing competences, facilitates
assessment of the competence level, etc. [81].

The results of the conducted research help us to better understand the conditions
that the PBL is implemented in, the roles performed by the teacher and the student and
the PBL concepts related to the assessment process that influence PBL from the students’
perspective [79]. In terms of novelty, the research findings have demonstrated various
assessment practices in PBL. They, in turn, show new possibilities for student engagement
in the assessment processes and for improvement of the teachers and students’ competences
of assessment [82]. This is a fairly new research area in Lithuania.

Given that the study was conducted at two universities in Lithuania and included the
students of social science programmes, it would be reasonable to compare their experiences
with the experiences of participation in the assessment processes in PBL of students of
study programmes that belong to other science areas. Analysis of diverse experiences
would be valuable for improvement of PBL processes and dissemination of the results.

When analyzing the problematics of PBL application at schools of higher education, it
is important to note that similar studies place greater focus on and analyze the issues related
to problem structure and problem-solving algorithms (the way problems are solved, what
decisions are made and why, etc.), as well as the way that the teacher and student’s roles
are changing during problem solving [79,83,84]. The findings of the conducted study have
revealed students’ experiences of participation in the assessment process that characterize
the situation of PBL learning by the students of social sciences.

The conducted study and the discussion of its results showed the necessity to continue
analyzing assessment processes in PBL by identifying the difficulties of implementation of
PBL in university studies and the possibilities of improvement. It would be reasonable to
develop the research and expand its sample by holding interviews with the teachers. This
would provide more comprehensive data about the analyzed problem and not only show
the student’s position and role in the assessment process, but also enable comparison of
the students and teachers’ understandings about organization of the assessment in the PBL
context. It would be reasonable to perform the comparative analysis of the student and
teachers’ opinion. The collected results could be used for improvement of the assessment
process in PBL. Afterwards, it would be reasonable to resume the study of experiences
of the participants of the educational process by identifying the lessons learned in the
assessment process in PBL and the new perspective of its improvement.
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Abstract: With the technological changes experienced in the world in recent decades, society has
changed as a whole, due to the speed and availability of information that exists today. As student
attention decreases, critical thinking and Active Learning, which places the student at the center of the
learning process, have gained prominence. Considering the growing popularity of these techniques,
this article proposes the Engineering Education Active Learning Maturity Model (E2ALM2), a
framework that allows practitioners to assess the current maturity of Active Learning implementation
in a program or a course. E2ALM2 was built from a literature review of key success factors (KSF) for
Active Learning implementations, which were divided into dimensions. Each KSF is composed of
constructs, which are detailed with variables. Each variable has a proposed measurement method and
an estimated uncertainty level. The framework can support diagnosis and practical improvements in
real settings.

Keywords: Active Learning; maturity model; engineering education

1. Introduction

Since the beginning of the second half of the 20th century, the world has gone through
technological evolutions that have transformed several areas of knowledge. Since the
appearance of the first computers, data processing capacity and speed have increased
exponentially, and this has led people and society to new behaviors. Education in general
has changed, and so has engineering education [1,2].

With the transformations experienced in recent decades, current students were born
surrounded by many technological resources. With almost all the information available on
mobile phones, knowing how to make sense of it becomes increasingly important.

Engineering schools are experiencing a global trend of adaptation of their programs to
the reality of the 21st century. Several movements are attempting to modernize programs
and teaching practices, such as the CDIO initiative [3]. This initiative “provides students
with an education stressing engineering fundamentals set in the context of Conceiving—
Designing—Implementing—Operating (CDIO) real-world systems and products” [4]. Ad-
ditionally, accreditation criteria of engineering programs in USA, established by the Accred-
itation Board for Engineering and Technology—ABET (called EC2000) [5], have changed.
Such novel criteria require US engineering departments to demonstrate that, in addition to
having a solid knowledge of science, math, and engineering fundamentals, their graduates
have communication skills, multidisciplinary teamwork capabilities, lifelong learning skills,
and awareness of the social and ethical considerations associated with the engineering
profession [6]. Finally, completely novel engineering colleges are being created, with totally
different proposals from the traditional 20th century model, such as the Olin College [7]
and Aalborg University [8].
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A common topic among the engineering modernization movements is the importance
of placing the student at the center of the learning process, as highlighted in the learning
outcomes of the EC2000 (Criterion 3. i—“a recognition of the need for, and an ability
to engage in life-long learning”) [9] and Standard 8 of the CDIO (“Active Learning”)
(p. 153, [3]). Putting the student at the center of the learning process, along with increasing
student engagement, is arguably achieved by the use of Active Learning [10–22].

Active Learning still lacks a definitive unique definition, but three stand as the most
popular. Prince defines it as “any instructional method [used in the classroom] that
engages students in the learning process” [23], Roehl as “an umbrella term for pedagogies
focusing on student activity and student engagement in the learning process” [24], and
Barkley as “an umbrella term that now refers to several models of instruction, including
cooperative and collaborative learning, discovery learning, experiential learning, problem-
based learning, and inquiry-based learning” [14]. Hartikainen [10] shows 66 definitions
of Active Learning, grouped by three main categories: (1) defined and viewed as an
instructional approach; (2) not defined but viewed as an instructional approach; and (3)
not defined but viewed as a learning approach.

Among the main Active Learning techniques, the following stand out: Problem-Based
Learning (PBL) [8,23,25–29], Cooperative and Collaborative Learning [13,23,30–35], and
the Flipped Classroom [20,36–39].

Furthermore, the pedagogical results and effectiveness of Active Learning are also
widely documented [19,23,40–45]. Hartikainen [10] related positive effects on the develop-
ment of subject-related knowledge, professional skills, social skills, communication skills,
and meta-competences.

However, there are problems both in research and in the implementation of Active
Learning. Prince [23] points out that comprehensive assessment of Active Learning is
difficult due to the limited range of learning outcomes and different possible interpretations
of these outcomes. Streveler [46] notes that “active learning is not a panacea that is a blanket
remedy for all instructional inadequacies. Instead, it is a collective term for a group of
instructional strategies that produce different results and require differing degrees of time
to design, implement, and assess”. Fernandes [47] related that “students identify the heavy
workload which the project entails as one of the main constraints of PBL approach”. There
are also the least researched, but much-mentioned, barriers of resistance to novelty on the
part of lecturers and students [43,48–52].

Although Active Learning has already been validated as an effective way to influence
student learning and is increasingly being incorporated into the classroom, there is no way
to qualify and evaluate the use of Active Learning techniques by faculty members [40].
There are four maturity models in the field of education, but none that specifically allow the
assessment of the implementation of Active Learning in a course [53–56]. In addition to the
difficulty of measuring Active Learning usage in the classroom, there is no way to assess
the maturity level of Active Learning implementations in a course or a program of a Higher
Education Institution (HEI), engineering schools included. This gap blurs the diagnostics
of the status of a given implementation and consequently leads to less assertiveness in
decision making, reducing the effectiveness of changes and Active Learning as a whole.

Maturity models can be a bridge to this gap. They enable practitioners to assess
organizational performance, support management, and allow improvements [57]. Maturity
modeling is a generic approach that describes the development of an organization over
time through ideal levels to a final state [58]. In addition, maturity models are instruments
to assess organizational elements and select appropriate actions, which lead to higher levels
of maturity and better performance [59].

Therefore, this work will propose a conceptual maturity model that allows evaluating
Active Learning implementations at the level of a specific course. This model targets the
incremental enhancement of courses and seems logically to be the first step towards a more
general and comprehensive framework that can extend its reach to evaluate institutions as
a whole.
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2. Methodology

Based on the research objectives, the broad keyword “active learning” was used in
Scopus and Web of Science databases to search for abstracts of peer-reviewed journal
articles. Additional keywords related to “success factors” and “engineering education”
were used to refine the search. Ultimately, 31 studies were selected for review. Figure 1
uses the PRISMA model [60,61] to describe the literature review process.

Figure 1. Source selection process (N = 31).

The initial search returned a total number of 13,029 articles. Approximately 25% (3306)
of the records were excluded because they belonged to categories other than education.
The objective of this criterion was to exclude articles that used "active learning" in different
purposes.

With the sample reduced to 75% of the original size (9723), filters were applied in the
databases to match keywords related to success factors: “critic* factor*”, “key factor*”, and
“success factor*”. This step led to the reduction of the sample to 127 articles.

The abstracts of these 127 articles were judged against the following inclusion criteria:
(1) reported research on key factors and (2) written in English. These criteria were intended
to eliminate articles that had some keywords related to success factors but that did not
actually address them. This step resulted in the reduction of the sample to 42 articles,
whose full texts were searched. Of these, 11 full texts were not available for download,
which resulted in the selection of 31 references that were included in the literature review.
After the literature selection stage, references were read to identify the Key Success Factors
(KSF) for the implementation of Active Learning.

The software MaxQDA® was used to extract and accumulate text snippets that repre-
sented key success factors. Then, similar snippets were combined into single KSFs to avoid
duplication. Next, a definition based on the literature was attributed to each factor. The
following step was to define the relevant constructs for each factor and for each construct,
the variables that would be used for measurement.

Finally, each variable had a measurement method proposed and an uncertainty de-
gree estimated.

The research method is presented in Figure 2.
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Figure 2. Research procedures.

3. Results

The 31 sources included for the literature review provided 14 key success factors,
grouped into five dimensions according to their similarity and relatedness to a specific
aspect of the educational environment. Table 1 shows the dimensions and their related KSF.

Table 1. Dimensions, KSF, and references.

Dimension KSF References

Content quality
Course artifacts [16–18,42,49,53,62–66]

Student assessment [18,34,42,62,67–70]
Learning facilitation [17,18,42,53,67,70,71]

Organizational environment

Culture [72]
Policy [19,72]

Student feedback [25,49,73]
Instructional design [74,75]

Organizational infrastructure Classrooms [76–81]
Technology [16,19,42,70,82]

Lecturer
Knowledge [49,72]

Skills [72]
Attitude [42,72]

Interactions
Between students [42,62]

With lecturers [42,75]

Following up on the creation of dimensions, each of the 14 KSF was detailed into
41 constructs. The constructs were detailed into 90 variables that could operationalize
objective measurements to assess the maturity of a given implementation. Then, a measure-
ment method was proposed for each variable, as well as an uncertainty degree estimated
based on each measurement method. Three measurement methods were proposed:

• A questionnaire faculty in charge of a course should answer (Lecturer Question-
naire, LQ),

• Another questionnaire directed to students (Student Questionnaire, SQ), and
• An external evaluation from a third party not directly involved in the course (External

Evaluation, EE).

As a result, Figure 3 shows the Engineering Education Active Learning Maturity
Model (E2ALM2) with four levels.:
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Figure 3. E2ALM2.

All dimensions and their KSF are defined in the following sections. Each KSF is
detailed with its constructs and variables. Each variable has a measurement method (MM)
and uncertainty degree (UD) suggested.

3.1. Content Quality

This dimension concentrates the factors related to the core of the learning process, such
as the quality of the problems, projects, or cases studied (artifacts); the level of difficulty
required from the students; whether the activities facilitate learning; and whether the
evaluation criteria are clear and consistent. The three KSF are detailed below.

3.1.1. Course Artifacts

Course artifacts (problems, projects, or cases studied) should:

• Engage students with real-life problems and active experiences [62];
• Provide students with a variety of additional instructional resources, such as simula-

tions, case studies, videos, and demonstrations [62];
• Be suitable to achieve different targets including the support of the students’ learning

process and establishing learning outcomes requirements [53];
• Be clearly written, in the right length, useful, flexible, and provide an appropriate

degree of breath [63];
• Have suitable intellectual challenge [16–18,42,64]; and
• Begin with an explanation of its purpose [49,65,66].

Table 2 describes the KSF “Course Artifacts” with more detail. Its constructs were
derived from the list of requisites presented above. Variables were proposed to measure
each construct, as well as the most suitable measurement method (MM) and the uncertainty
degree in each measurement.
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Table 2. KSF “Course Artifacts”.

Construct Variable MM UD

Use of real-life
problems

% of course content based on real-life
problems SQ and LQ Medium

Application of active
experiments

% of classes using active methods SQ and LQ Medium
Students’ perception of hands-on

activities SQ Low

Variety of
instructional

resources

Quantity of instructional resources used SQ and LQ Low
% of classes using resources other than

the board or projector SQ and LQ Low

Students’ perception of the use of
various resources SQ Low

Adequacy to learning
outcomes (LO)

% of classes linked directly to an LO SQ and LQ Medium
Students’perception of reaching an LO SQ Medium

Suitability of
intellectual challenge

Students’ perception of the level of
difficulty presented SQ Low

Clarity in writing of
course activities Students’ perception of the clarity used SQ Low

Size of course
activities Students’ perception of size SQ Low

Explanation of
purpose of course

activities

Students’ perception of clarity in the
purpose of the activities SQ Low

% of activities in which the purpose is
explained to students SQ Low

3.1.2. Student Assessment

Student assessment needs to be clear, concise, and consistent. This involves instruc-
tions, assignments, assessments, due dates, course pages, and office hours [62]. Further-
more, criteria for success must be communicated clearly and monitored [18,34,42,67–70].
Table 3 details the KSF “Student Assessment”.

Table 3. KSF “Student Assessment”.

Construct Variable MM UD

Clearness of
assessment methods

Perception of students on the clarity of
assessment methods SQ Low

Are the assessment methods defined in
advance? SQ and LQ Low

% of activities that have defined what is
expected of the student SQ and LQ Low

Clearness of criteria
for success

Perception of students on the clarity of
success criteria SQ Low

Are the success criteria defined in advance? SQ and LQ Low

Communications
with students

Is information about assessment methods
and success criteria made available before

(or at the beginning of) the course?
SQ and LQ Low

Students’ perception of communication of
assessment methods and success criteria SQ Low
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3.1.3. Learning Facilitation

Learning facilitation includes the preparation of students to conduct activities and
tasks required in addition to activities related to the facilitator guiding the learning process
of the students [53]. It also involves providing students with regular opportunities for
formative feedback from the lecturer [17,18,42,67,70,71]. Table 4 details the following levels
of this KSF.

Table 4. KSF “Learning Facilitation”.

Construct Variable MM UD

Preparation of
students to conduct
activities required

% of activities flagged as supporting
another activity SQ and LQ Medium

Students’ perception of the existing
preparation for conducting activities SQ Medium

Students’ perception of the teacher’s
performance as a facilitator SQ High

Intensity of the participation of monitors
or auxiliary teachers during the course SQ and LQ Medium

Formative feedback
from teacher

% of activities where there is formative
feedback from the teacher SQ Medium

Students’ perception of the intensity of
support received via formative feedback SQ Medium

3.2. Organizational Environment

The factors of this dimension represent abstract aspects of the institution, such as
culture, policy, and the practice of collecting feedback from students.

3.2.1. Culture

Organizational culture is a set of values systems followed by members of an organiza-
tion as guidelines for behavior and solving the problems that occur in the organization [72].
This way, an organization and its members should have behavior alignment, and an orga-
nization should have guidelines to solve problems. Table 5 details the following levels of
this KSF.

Table 5. KSF “Culture”.

Construct Variable MM UD

Acceptance of changes by
the organization

Ease of approval of pedagogical changes LQ Medium
Ease of approval of administrative changes LQ Medium

Behavior alignment
Clarity of expected behaviors LQ Medium

Existence (or maturity) of behavioral
guidelines LQ Low

Ability to solve problems

Perception of the speed with which
problems are solved LQ Low

Perception of transparency in problem
solving LQ Low

Defining rules Existence (or maturity) of a code of ethics LQ Low

Adequacy to the rules Perception of the existence of punishments
for those who violate certain rules LQ Medium
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3.2.2. Policy

Organization policy is a set of program plans, activities, and actions that allows the
prediction of how the organization works and how a problem would be solved [72]. Once
time is needed to prepare the activities, teachers must have it for implementing something
new in their classes [19]. Table 6 describes more details of this KSF.

Table 6. KSF “Policy”.

Construct Variable MM UD

Organizational support for
the preparation of activities

Perception of the existence of time available
for planning new activities LQ Low

% average of teachers’ time in classroom
activities LQ Low

% average of teachers’ time in
administrative activities LQ Low

Average amount of administrative functions
performed by teachers LQ Low

Perception of the availability of auxiliary
resources for the preparation of activities LQ Low

Adequacy of pedagogical
plans

Perception of the adequacy of existing
teaching plans to the use of AL LQ Medium

3.2.3. Student Feedback

Organizations are expected to collect feedback from students [25,49,73] and provide
the support needed to successfully complete the activity [49].

Thus, it is possible to identify three different requirements for organizations carry on
successfully this process: having a suitable process of feedback collection, using suitable
feedback, and having an adequate student feedback process.

The following levels of the KSF “Student Feedback” are shown in Table 7.

Table 7. KSF “Student Feedback”.

Construct Variable MM UD

Collecting student
feedback

Existence (or maturity) of the process of
receiving feedback from students SQ Low

Using student feedback

Perception of students on the fulfilment of
their placements in feedbacks SQ Medium

Number of objective actions resulting from
student feedback in the last years EE Low

Quality of the student
feedback

Is feedback anonymous? SQ Low
Is the collection in person or remote? SQ Low

Perception of students about the ease of the
process of giving feedback SQ Low

3.2.4. Instructional Design

Brophy [74] and Paechter et al. [75] highlight the importance of the structure and
coherence of the curriculum and the learning materials. Thus, it is possible to identify two
requirements to this KSF:

• Curriculum should be suitable to the course needs; and
• Curriculum and learning material should have coherence with each other.

Table 8 shows the following levels of this KSF.
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Table 8. KSF “Instructional Design”.

Construct Variable MM UD

Structure of the
curriculum

Perception about the adequacy of the
curriculum to the needs of the course SQ High

Coherence of the
curriculum and the
learning material

Student perception of the alignment of the
curriculum with the course material SQ Medium

3.3. Organizational Infrastructure

This dimension contains factors that represent the infrastructure available for course
activities.

3.3.1. Classrooms

Classrooms designed for improved Active Learning experience [76] and equipped
with technologies can enhance student learning and support teaching innovation [77–81].
Thus, two different requirements emerge for this KSF:

• Organizations should have appropriate classrooms for Active Learning; and
• Organizations should provide classrooms with technological support.

Table 9 describes more details of this KSF.

Table 9. KSF “Classrooms”.

Construct Variable MM UD

Classrooms designed
for improve Active

Learning experience

Existence of classrooms for Active Learning SQ and LQ Low
Classroom availability for Active Learning SQ and LQ Low
% of activities performed in an environment

suitable for Active Learning SQ and LQ Medium

Classrooms equipped
with technologies to

enhance student
learning and support
teaching innovation

Existence of classrooms equipped with
multimedia devices and/or laboratories SQ and LQ Low

Availability of classrooms equipped with
multimedia devices and/or laboratories SQ and LQ Low

% of activities performed in a
technologically appropriate environment SQ and LQ Low

3.3.2. Technology

The school should provide equipment and technological structure [19,42]. This in-
volves availability, reliability, accessibility, usability of devices, internet (Wi-Fi), learning
support, and inclusive learning environment [16,42,70,82].

Table 10 shows the details of KSF “Technology”.

Table 10. KSF “Technology”.

Construct Variable MM UD

Availability of
technology

Availability of multimedia devices SQ and LQ Low
Internet availability on campus SQ and LQ Low

Availability of e-learning system SQ and LQ Low

Reliability of
technology

Reliability of multimedia devices SQ and LQ Medium
On-campus internet reliability SQ and LQ Low
Reliability of e-learning system SQ and LQ Medium

Accessibility of
technology

Accessibility of multimedia devices SQ and LQ Medium
On-campus internet accessibility SQ and LQ Low
Accessibility of e-learning system SQ and LQ Low

Usability of
technology

Usability of multimedia devices SQ and LQ Medium
Campus internet usability SQ and LQ Low

Usability of e-learning system SQ and LQ Medium
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3.4. Lecturer

The lecturer is single most important actor in a successfully implementation of Active
Learning. This dimension groups factors that represents their knowledge, skills, and
attitude to carry out education innovation.

3.4.1. Knowledge

Knowledge is a combination of framed experience, values, and contextual information
that provides an environment for evaluating and incorporating new experiences [72]. De-
Monbrun et al. highlighted the relevance of experience to lecturer [49]. Therefore, lecturer
should have suitable experience as faculty member and information about Active Learning.

Table 11 details the KSF “Knowledge”.

Table 11. KSF “Knowledge”.

Construct Variable MM UD

Experience
Activity time as a lecturer LQ Low

Highest academic title LQ Low
Time since the highest titration LQ Low

Contextual
information Level of knowledge about Active Learning LQ High

3.4.2. Skills

Skills are the ability to use reason, thoughts, ideas, and creativity in doing, changing,
or making things more meaningful so as to produce a value from the results of the work [72].
The lecturer should have skills about educational innovations in general and about Active
Learning specifically. Table 12 shows this KSF in detail.

Table 12. KSF “Skills”.

Construct Variable MM UD

Skills about Active
Learning

Amount of participation in Active
Learning events LQ Low

Number of books read on Active Learning LQ Low
Amount of Active Learning techniques over

which you have mastery LQ Low

Skills about
educational
innovations

Amount of participation in events on
educational innovations LQ Low

Number of books read on educational
innovations LQ Low

3.4.3. Attitude

Attitude encompasses a very broad range of activities, including how people walk,
talk, act, think, perceive, and feel [72]. Hegarty and Thompson [42] highlight the relevance
of lecturer attributes and teaching methods, such as approachable, supportive, enthusiastic,
and interesting delivery. Table 13 shows the following levels of this KSF.
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Table 13. KSF “Attitude”.

Construct Variable MM UD

Willingness to adopt
Active Learning

techniques

Qualitative perception of disposition EE High
Number of periods in which adoption was

attempted LQ Low

Number of subjects in which adoption was
attempted LQ Low

Time since last adoption attempt LQ Low

Demographics
Age LQ Low

Current position LQ Low
Study area LQ Low

3.5. Interactions

Placing students at the center of the learning process requires them to step out of
the role of recipients of information and become active agents. The interaction between
students and between them and teachers allows this transition to happen.

3.5.1. Between Students

Opportunities for students to work together and obtain peer feedback included in the
learning design [42]. Chen, Bastedo, and Howard [62] emphasize that the course should
provide online and face-to-face opportunities for students to collaborate with others.

Table 14 shows this KSF in detail.

Table 14. KSF “Interactions between Students”.

Construct Variable MM UD

Interactions in
general

Quantity of work/projects carried out in group
in the course SQ Medium

% of the grade of the discipline from group
work SQ Medium

Online collaboration

Number of remote meetings with other
students throughout the course SQ Low

Number of online presentations made by the
student with assistance from other students SQ Low

Face-to-face
collaboration

Number of face-to-face meetings with other
students throughout the course SQ Low

Number of face-to-face presentations made by
the student with the assistance of other students SQ Low

3.5.2. With Lecturers

Interaction between students and lecturer supports knowledge construction, moti-
vation, and the establishment of a social relationship [75]. Furthermore, constructive and
enriching feedbacks from the lecturer lead to increasing academic success and feelings of
support [42]. Table 15 details this KSF.

Table 15. KSF “Interactions with Lecturers”.

Construct Variable MM UD

Interactions
students/professors

Number of orientation meetings throughout
the course SQ and LQ Low

Number of meetings to monitor projects
throughout the course SQ and LQ Low
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3.6. Measurement Scales

Most of E2ALM2 variables are related to the perception of students and teachers. They
can be measured on a five-point Likert scale [83], coded as 5: strongly agree; 4: agree; 3:
neither agree nor disagree; 2: disagree; and 1: strongly disagree.

The model also involves numerical variables, such as the percentage of activities that
define clearly what is expected of the student or the percentage of activities in which the
purpose is explained to students. For these variables, it is also possible to use a five-point
scale, however with coding based on frequency or ranges, such as 5: always, 4: often, 3:
occasionally, 2: rarely, and 1: never.

Finally, there are binary variables, e.g., whether assessment methods are defined
in advance.

3.7. KSF Weights

In the proposed model, each dimension has a score independent of the others. Thus,
there is no need to define weights for the dimensions. However, it is necessary to define
the weight that each KSF has in the composition of the score within its dimension. Two ap-
proaches are possible: (i) a uniform distribution inside the dimension and (ii) a distribution
according to the relative relevance, based on number of references that support each KSF.
Table 16 presents KSF weights under two criteria.

Table 16. KSF Weights.

Dimension KSF
(i) Uniform

Distribution
Number of
References

(ii) Relative
Relevance

Content quality
(references = 26)

Artifacts 0.33 11 0.42
Student Assessment 0.33 8 0.31
Learning Facilitation 0.33 7 0.27

Organizational
environment

(references = 8)

Culture 0.25 1 0.13
Policy 0.25 2 0.25

Student Feedback 0.25 3 0.38
Instructional Design 0.25 2 0.25

Organizational
infrastructure

(references = 11)

Classrooms 0.50 6 0.55
Technology 0.50 5 0.45

Lecturer
(references =5)

Knowledge 0.33 2 0.40
Skills 0.33 1 0.20

Attitude 0.33 2 0.40

Interactions
(references = 4)

Between students 0.50 2 0.50
With lecturers 0.50 2 0.50

4. Discussion

As explained in the introduction, there is a lack of instruments that can help engineer-
ing schools and lecturers assess Active Learning implementations. The use of maturity
models can support them in this task.

According to Bruin et al. [84], the maturity assessment can be descriptive, prescriptive,
or comparative in nature. A purely descriptive model can be applied for an as-is diagnosis,
with no provision for improving maturity or providing relationships with performance. A
prescriptive model emphasizes the relationships between variables for final performance
and indicates how to approach maturity improvement to positively affect the outcome.
Therefore, it allows the development of a roadmap for improvement. A comparative model
allows benchmarking across sectors or regions. Thus, it would be possible to compare
similar practices between organizations to assess maturity in different sectors.

The E2ALM2 is a descriptive maturity model (according to Bruin et al.’s classification),
which can be understood as the first step in a life cycle that will allow the evolution to a
prescriptive model. This evolution requires more knowledge about the impact of actions
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and the identification of replicable actions that support the advance in the maturity level.
This difficulty is especially important due to the difference in results obtained in education
when different contexts and conditions are compared [43].

Although there are four other maturity models in the field of education, they have
a different focus from E2ALM2. These models are focused on: Project-Based Learning
(PBLCMM) [53], Student Engagement (SESR-MM) [54], Curriculum Design (CDMM) [55],
and e-Learning [56]. In addition to the difference in focus, none of these models provide an
assessment of the same requirements and with the scope of E2ALM2. In addition to these
four models, there is an extremely simple scale, which is neither a theoretical model with
scientific references nor peer-reviewed, but which has a similar objective to assess the use
of Active Learning [85].

The E2ALM2 model allows the diagnosis of the current stage of Active Learning
implementation with a focus on a course, from the objective measurement of 90 variables.
For most variables, the suggested measurement method is a questionnaire for the lecturer,
for the student, or for both. This choice aims to facilitate the application of the model in
real cases, reducing the need for an external evaluator to observe the activities throughout
the entire period to issue its report.

Obviously, collecting impressions through questionnaires introduces the possibility of
bias, both for the teacher and the student. Therefore, it will be necessary to use response
validation techniques when creating the questionnaires. Because of this possibility of bias,
all variables had an estimated uncertainty degree. In cases where the uncertainty degree is
high, the statistical validation of answers will need to be stricter. As a way to avoid possible
contamination in the results due to bias, some variables are measured by questions asked
to both the lecturer and the students.

The use of Active Learning has several positive effects, as explained in the introduction,
but there are also some difficulties and limitations. Streveler states that Active Learning
is not a solution for all instructional inadequacies [46]. The increasing workload for
lecturers [52,86] and students [47], the resistance to changes [43,48–51], and the need to
align curriculum and course activities [86,87] are challenges that need to be overcome in
Active Learning implementations.

Furthermore, it is important to emphasize that the E2ALM2 model does not aim to
assess the overall quality of an engineering program, but the maturity level of Active Learn-
ing implementation, which is a recommendation of the main modernization movements in
the Engineering Education field around the world. Courses and schools can still be of a
high quality even though they follow a more traditional approach to engineering education.
The point here is that whoever wants to modernize their engineering education approach
will struggle with the implementation of Active Learning as a pedagogical and cultural
element, and the E2ALM2 can shed light for managers and lecturers during the messy times
of changes, infrastructural adaptations, and resistance from students and faculty members.

As future work, we recommend: (i) defining further studies to test the scale of each
variable; (ii) determining empirical testing of the weights of each KSF in their respective
dimensions; (iii) testing the questionnaires to measure all variables; (iv) validation of the
framework in different cultural settings, for instance with an international panel of experts;
and (v) application of the framework to evaluate the maturity of real cases, which will
allow qualitative and quantitative analyses.

5. Conclusions

This study proposed a framework to evaluate the maturity of adoption of Active
Learning by a specific course. The variables described here can serve as a checklist to
lecturers adopting Active Learning and as a metric to evaluate the comprehensiveness and
quality of existing initiatives.

The proposed model is descriptive, because it allows evaluating the current situation,
but it can be understood as a first step towards the construction of a prescriptive model,
which can indicate good practices and replicable actions to increase the level of maturity.
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E2ALM2 was designed so that its application is easy, centered on questionnaires for
lecturers and students, without the need for long periods of external observation, which
would lead to greater expenses and prevent scalability.

E2ALM2 allows faculty members to assess the current state of Active Learning im-
plementations and therefore compare states before and after planned interventions with
specific objectives.

Despite having the focus on a course, the diagnosis of a program or an engineering
school can be made as a composition of the evaluations of the courses that comprise it,
which also favors managerial actions.
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Abstract: Across higher education, teachers have been inspiring themselves (and others) to apply
pedagogical innovations grounded in a unifying intention: to prepare students for labour markets and
societal challenges. Research-based education has been funded to promote pedagogical innovations
with valuable impact on the students’ academic success and/or the teachers’ academic growth.
However, there is still few documented research-based evidence that highlight how long-lasting
and/or how embedded are the pedagogical innovations in academic practices, particularly when
the funding period comes to an end. The purpose of this article is to discuss the extent to which
funded national research-based education projects, developed in public Portuguese higher education
institutions (universities and polytechnic institutes), have considered the sustainability of research
results (e.g., pedagogical innovations), after funding ends. Based on a qualitative research approach,
data collection included: document analysis of 39 projects’ materials and conceptions collected with
9 coordinators and 17 key participants from selected projects, through interviews and questionnaires,
respectively. Content analysis of data collected showed that there are key factors that contribute to
enhance and/or limit the sustainability of research results (e.g., funding and institutional support to
maintain innovation). Results and recommendations are put forward to inform educational policies,
funding agencies and involved actors (e.g., institution leaders, researchers, and teaching staff) to
increase the sustainability of research results.

Keywords: sustainability of research; institutional support; political and research agendas;
projects dynamics

1. Introduction

Around the academic world, the development of pedagogical innovations is increas-
ingly a focus of institutional leaders (e.g., Rectors) and teachers [1–4], as a response to
specific problems (e.g., lack of students’ learning) [5]. A pedagogical innovation can be
the introduction of a resource and/or strategy that, when implemented and evaluated by
teachers, leads to student learning [6–12].

Teachers should be knowledgeable regarding innovative strategies and resources to
promote a student-centred approach [13,14] and create a supportive intellectual and emo-
tional environment that can encourage students to learn actively [15,16]. Some innovative
strategies are collaborative learning, mentoring and tutoring, debates, role-playing, peer
teaching, problem-solving [17] and formative feedback [18,19].

However, some studies [18,19] highlighted teachers’ difficulties in developing innova-
tive strategies in academic practices, such as implementing peer-written feedback in large
classes (lectures), or lacking needed resources (e.g., materials and equipment). Therefore,
it is also important to reflect upon what works, what does not, and options to integrate a
pedagogical innovation into academic practices [20].
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One possible way to innovate pedagogically is linking two of the important academic
dimensions—research and teaching—in teachers’ daily professional routines [21–23]. This
challenge could be better achieved, as some authors [24,25] point out, through teachers’
participation in research-based education projects in a scenario that also includes financial
support. According to [25], the existence of financial incentives and regulations are identi-
fied as factors that promote and sustain pedagogical innovations developed during funded
re-search-based education projects. There are different ways of financially supporting
re-search, including loans, equity investments, award schemes and grants [26], although a
grant is the known best source of funding among researchers.

Nevertheless, according to different studies [27,28], obtaining a grant to develop a
research-based project, particularly in higher education, requires a considerable amount
of effort and time on the part of researchers and teachers and is, in most cases, difficult to
obtain [29], particularly in research-based education [27].

We find the preceding observation particularly relevant when exploring the context of
Portuguese higher education. Despite the European crisis that affected Portugal during the
first decades of the 21st century [30], higher education “key actors” (e.g., teachers) had sev-
eral funding opportunities, launched by different Portuguese governmental entities (e.g.,
the Ministry of Science and Higher Education) and national sponsoring research agencies
(e.g., the Calouste Gulbenkian Foundation) to apply for grants to develop research-based
education projects [31]. Some funded research-based education projects have focused on
the development of pedagogical innovations in universities and polytechnic institutes, re-
vealing research evidence regarding the promotion of the teachers’ academic development
and/or on the students’ learning development [19,31–33].

However, when the funding period comes to an end, favourable conditions are neces-
sary to continue to implement the research-based education project and ensure the impact
and sustainability of results (e.g., pedagogical innovations). The call for evidence regarding
the impact and sustainability of funded research comes from sponsoring agencies (e.g.,
European Commission) and has been studied by several authors in different areas such
as [34–36]. According to Luukkonen [37], impact is related to the effect that the activity has
and its results for people, practices, organisations and systems; sustainability is the capacity
of the project results and products to persist and remain in use beyond the duration of a
funding period. This is what is referred to as the sustainability of pedagogical innovations
developed through funded research-based projects [28].

The study of sustainability of research is a significant implementation challenge, par-
ticularly in educational research. Some authors, such as [26,38–40], have reflected on
the importance of designing methodologies to assess the impact of research grant fund-
ing. Additionally, there are already several studies about the sustainability of research
(e.g., [41–43]), which demonstrates the need to better understand it, namely, the importance
of pursuing research-based education projects focused on the development of pedagogical
innovations in higher education (HE) [44]. Nonetheless, much of the literature on sustain-
ability remains theoretical, with little practical guidance on how to sustain research-based
education project delivery, implementation strategies, and research outcomes, particularly
after the end of a funding period [28,44].

The purpose of this article is to present and discuss a study focused on the understand-
ing of the extent to which research-based education projects, sponsored by Portuguese
research agencies between 2004 and 2013 and implemented in Portuguese public higher ed-
ucation institutions (universities and polytechnic institutes), considered the sustainability
of research throughout their proposals and development process, and, if so, how.

The following research aims were defined: (1) to characterise which “sustainability
actions” were included in the design and development process in the national research-
based education projects selected for the study; (2) to determine which “actions” could
hinder or promote the sustainability of pedagogical innovations developed through funded
projects; (3) to propose recommendations for the future at the political (for politicians and
research sponsors), institutional (for leaders) and individual (for teachers) levels, such that

206



Educ. Sci. 2021, 11, 725

the sustainability of the research, throughout their proposals and development process,
is considered.

One considers that the answer to this question will enable the comprehension of the
“sustainability actions” that could influence the design of research-based education in an
HE context, and therefore give recommendations for the future at political (to politicians
and sponsors), institutional (to leaders) and individual levels (to teachers).

2. Rationale

Regarding the creation process of an innovation, there is no single “true” path to de-
velop an innovation in academic practice [45–48]. For instance, the Centre for Educational
Research and Innovation proposed, some years ago, that an innovation should have two
main subcomponents: what has been introduced is original to a particular individual or
group, and the successful change that results from its adoption [47].

Independent of the delivery context, Serdyukov [20] explains that an innovation is
understood as the successful introduction of a method, strategy or resource into someone’s
practice. The author also explains that it requires three major steps: an idea, its imple-
mentation, and the outcome that results from the execution of the idea and produces a
change [20]. In accordance with this, [48] explained that an innovation is an idea, practice
or object perceived as new by an individual, and if the idea seems new to the individual, it
is an innovation. It is, then, the perceived novelty of the idea introduced, for the individual,
that determines their reaction to it.

However, some obstacles could emerge during the development of pedagogical in-
novations in HE, such as: the powerful influence of the teachers’ discomfort and/or
apprehension regarding change from traditional practices to more student-centred prac-
tices [49]; an overload of time spent in preparing the new/innovative lessons [50]; the
teachers’ difficulties innovating in the context of large classes [19]; and the lack of resources
(e.g., curricular materials, equipment, human resources) [31]. Therefore, the development
of pedagogical innovations could involve a twofold challenge: on the one hand, that
students will not participate in activities and/or will not learn sufficient content; on the
other hand, that teachers will feel a loss of control, that they lack necessary competencies,
and/or that they will be criticised for teaching in unconventional ways.

Innovations, and innovative processes, are intended to increase productivity and
learning efficiency, and/or to improve learning quality [24]. Fishman et al. [45] described
the process of innovation as viable, by considering the combination of three elements:
adaptation to institutional context; successful enactment; sustaining innovation. According
to this, one can say that, in order to innovate pedagogically in HE, teachers should look
beyond what they are currently doing in their academic practice and create something
different, be it in quality, quantity or both [51–54].

The maintenance, adaptation, and/or innovation of an academic practice, emerging from
research-based education projects, may involve ‘new forms’ of work/practices/strategies that
should become normal practices for the project participants (e.g., teachers, students, and
others). As Costa et al. [24] points out, teachers also need to guarantee the sustainability of
the innovations produced. In this context, it is important to reflect on challenges related to
the development and sustainability of pedagogical innovations developed through funded
research-based education projects (e.g., after the end of financial support).

Studying the sustainability of research has been a persistent challenge for the sci-
entific community, and across a range of settings [55–63]. The term ‘sustainability’ is
still commonly associated with environmental situations addressing subjects that are, for
instance, related to the preservation of the planet (e.g., the use of natural resources by
human beings). For instances, in the Brundtland Report [57], sustainability can be seen as
both an effort to preserve or improve the natural environment, while also providing the
means to improve the conditions of the socially and economically disadvantaged people
in the world. As De Castell et al. [58] points out, a relevant assumption within the term
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sustainability is the preservation or renewal of a set of resources on which social and
economic development rests.

A literature review conducted by [59] categorised existing definitions of “sustain-
ability of research” into three categories: maintaining the benefits of a project (e.g., the
ability to continue the outcomes that emerge from research); project institutionalisation
(e.g., ensuring that activities designed during research are formally incorporated into
existing organisational practices); capacity building (e.g., to build on the capacity of the
organisation’s community to continue implementing the research results).

Shediac-Rizkallah et al. [59] divided the sustainability of research into three categories:
maintenance of the research benefits achieved through the project; continuation of the
project within an organisation; and the ability to continue to develop a project. Later, [55]
considered research sustainability to be related to a process of change with the purpose of
strengthening and/or sustaining a given innovation in a specific context. The author also
explains that sustainable innovation can be integrated into ongoing operations to benefit
diverse stakeholders.

In this vein, Southwell et al. [60] identified three interrelated tendencies of the sustain-
ability of research, namely: research outcomes becoming standard practice of individuals
and/or the organisation (e.g., an innovation is sustained); local policies, procedures, and/or
structures accommodate and/or provide incentives (e.g., financial support) to adopt the prac-
tices (e.g., an innovation is embedded); and normal practice is influenced beyond its initial
site of introduction in a beneficial way (e.g., scaling up an innovation into other contexts).

Sustainability requires that ‘new forms of work’ and the ‘improvement of research
results’ become normal practice for the participants and/or host institutions. According to
Fixsen et al. [39] (p. 17), sustainability means that “after the intensity of establishing a fully
implemented evidence-based implementation program in a new community (often requiring
2 to 4 years), the implementation site needs to be sustained in subsequent years”.

The existence of “program champions” in host institutions in which projects have
been implemented could play a key role in the promotion of sustainable actions to promote
and sustain results [59,61], even after the end of the funding period. [39] (p. 17) notes that
“through it all, implementation site leaders and staff, together with the community, must be
aware of the shifting ecology of influence factors and adjust without losing the functional
components of the evidence-based program or the program dying due to a lack of essential
financial and political support”.

Stirman et al. [62] highlighted a relationship between project design, organisational
systems, connection with the community, and funding support. Based on a reviewing
article identified through the four knowledge syntheses of sustainability, Moore et al. [56]
(p. 7) developed a comprehensive definition of sustainability that included five constructs:
“(1) after a defined period of time, (2) the program, clinical intervention, and/or imple-
mentation strategies continue to be delivered and/or (3) individual behaviour change
(i.e., clinician, patient) is maintained; (4) the program and individual behaviour change
may evolve or adapt, while (5) continuing to produce benefits for individuals/systems”.

Upon critically analysing different authors’ perspectives of the concept of research
sustainability, and subsequent reflection, Costa et al. [24] (p. 117) explained that sustain-
ability could be related to “the continuation of projects’ components (e.g., the innovative
practice developed), capacity building (e.g., human and financial resources), and continued
benefits or outcomes in the same and/or new settings (e.g., new educational scenarios
and participants)”.

Notably, the concept of sustainability of research aids understanding how a particular
instance of pedagogical innovation developed though a funded research-based education
project could continue and/or evolve, over a certain period, after the end of the funding
period. Thus, one can see the potential of these definitions to reflect on the sustainability
of research-based education projects. However, much of the scientific literature remains
theoretical, with little practical guidance on how to sustain research-based education
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project delivery, implementation strategies, and outcomes (e.g., pedagogical innovations in
academic practice).

In this context, some authors [24,28,44,63] have borrowed the idea of sustainability
to understand how pedagogical innovation is developed and sustained after the end of
the funded period of research-based education projects. This option could be justified
mainly given its focus on the relational aspects of the development process of pedagogical
innovations (application, implementation, and the post-funding period).

In this context, Guerra [28] (p. 10) puts forth a definition of the sustainability of
pedagogical innovations developed through funded, research-based education projects in
HE: “The sustainable use of pedagogical innovations [ . . . ] is considered to be achieved
when after a defined period of time, they continue to be delivered in higher education,
with or without adaptations, in the same academic scenery (e.g., course or curricular unit),
with the aim of producing benefits for individuals (e.g., students’ academic success and/or
teachers’ academic growth) and/or systems (e.g., institutions, courses, curricular units)”.

In research-based education projects, sustainability can mean, for example, the use of a
particular infrastructure, continuation of services, mobilisation of participant competencies,
development and/or continuation of partnerships and collaborations, and the integration
of ideas and/or perspectives by the host institution (e.g., universities). The literature
highlights different levels of effort by diverse key actors in the HE context, which may or
may not guarantee the sustainability of research results.

Research-based education should be developed, disseminated, and exploited in such
a way that: results can be tailored to the needs of others (e.g., teachers); transferred to new
areas (e.g., curricular units); sustained after the funding period has finished; and/or used to
influence future policy and practice. Therefore, the sustainability of funded research-based
education projects require the recognition of different levels of key actors’ actions in HE
spheres, namely: at the political level (macro level, e.g., the politicians that define the
funding research agendas and/or regulations to empower innovation through funded
research); at the institutional level (meso level, e.g., the institutional support of HE leaders
to embed research output in collective dynamics); and at the individual level (micro level,
e.g., personal and academic teachers’ motivations and the resilience to sustain, embed
and/or upscale outcomes in practices).

3. Methods

A qualitative research paradigm [64–68], adapting principles of a case study ap-
proach [67], was adopted during two research phases: the first aimed to characterise the
national funded research-based education projects developed in Portuguese public HE
institutions (PPHEIs), from 2004 to 2013; the second aimed to determine the macro, meso
and micro actions (e.g., institutional structures, personal dynamics) that hinder or promote
the sustainability of effective pedagogical innovations (before, during, and after the end of
the funding period) in science and engineering fields. Table 1 presents the data collection
procedures, purposes, and aims applied in the two research phases of the study.

Table 1. Phases, data collection, and aims of the study.

Data Collection Aims

1s
tp

ha
se

Conducting a document analysis of
39 projects

To characterise the national funded research-based education projects
developed in Portuguese public HE institutions (PPHEIs),

from 2004 to 2013

2n
d

ph
as

e Performing individual interviews with 9
coordinators of the projects To determine the macro, meso and micro actions (e.g., institutional

structures, personal dynamics) that hinder or promote the
sustainability of effective pedagogical innovations (before, during and
after the end of the funding period) in science and engineering fields

Inquiring 17 key participants involved in
projects through an online questionnaire

3.1. Document Analysis of National Funded Research-Based Education Projects (First Phase)

In the first phase, a qualitative document analysis [69] was adopted to characterise
the national funded research-based education projects developed in Portuguese public
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HE institutions (PPHEIs) from 2004 to 2013. This technique enabled a rigorous, impartial,
and systematic analysis of the contents of collected written documents. This process of
document analysis occurred in the following steps:

1. Collection of documents: the definition of the criteria for establishing the corpus
of analysis—the funded research projects—considered: the research setting (studies
should be implemented in Portuguese public higher education institutions (PPHEIs),
i.e., universities and/or polytechnic institutes); the research object (studies should be
focused on the development of pedagogical innovations in HE courses, e.g., science
and engineering courses); the research period (national projects funded between 2004
and 2013); financial support (three main research sponsors in Portugal, namely, the
Foundation for Science and Technology (FCT), the Ministry of Science, Technology
and Higher Education (MSTHE), and the Calouste Gulbenkian Foundation (CGF)).

Regarding the identification of studies found on each research sponsor’s website, it
was important to clarify that each national sponsor has a “funded projects database of all
scientific domains”. All collected documents were in the public domain, although not all
appropriate documents were available online. The team requested such documents from
its contacts within the organisations.

Only 70 documents that were disclosed in the public domain were collected: 33 projects
funded by FCT, specifically in the field of “Education and Educational Policies”; 21 projects
funded by the MCTES (the Science and Innovation Operational Programme (POCI 2010),
under the Axis IV-Science, higher education, As IV. 1-higher education Qualification, action
IV. 1.2-innovative projects in higher education); 16 projects funded by MSTHE in the
framework of “Innovative Educational Projects (2009/2015)”. Table 2 presents a summary
of search query techniques adopted on each research sponsor’s websites (FCT, CGF, and
MSTHE), as well as the identified funded projects.

2. Eligibility of documents: after the selection of 70 projects, 64 coordinators were
contacted by email (November 2015), asking for their collaboration in this study and
requesting their authorisation for data collection, such as reports of activities and
scientific publications of the projects.

Table 2. Search queries applied in the three national research sponsors databases.

Queries Sponsors Studies

“higher education” OR “university” OR
“polytechnics” AND year > 2004 < 2013

FCT 33

MSTHE 21

CGF 16

Total 70

A total of 36 coordinators agreed to collaborate in this study and sent a total of
39 project documents (e.g., funding applications, scientific reports and/or books and
articles). In this way, 39 studies were eligible for data collection in the first phase.

Researchers preserved anonymity by referring to the projects and project coordinators
as follows: [Coordinator POSITION and Proj. NUMBER]. For example, [Proj. 1.A] refers to
Coordinator A and Project 1.

Each project’s document was screened (by reading titles, research team, host institu-
tion, keywords, and abstracts) and analysed through a content analysis technique [69–71],
using qualitative analysis software (WebQDA: https://www.webqda.net/?lang=en, ac-
cessed on 1 July 2021). Five queries (who, what, where, who, when) were defined to char-
acterise the national funded research-based education projects developed in Portuguese
public HE institutions (PPHEIs), from 2004 to 2013 (Table 3).
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Table 3. Inquiries applied to data collected in the 1st phase.

Document Analysis

Queries Indicators of Analysis

WHO has afforded the development
ofpedagogical innovations? (political and research sponsors’ agendas)

WHAT has developed with this research? (e.g., activities, the resources)

WHERE did the research take place? (e.g., the host institution support)

WHO has conducted these projects? (e.g., team elements)

WHEN did the project start and finish? (e.g., the length of the financial support)

Each document was analysed to determine the extent to which the project it described
addressed or considered each of the identified indicators for characterising the projects
(Table 3). Text relevant to each indicator was highlighted and coded using qualitative data
analysis software (WebQDA), based on the meaning, relevance and context for each indica-
tor, as ‘yes’, ‘no’, or ‘unclear’. Scores of ‘yes’, ‘no’, or ‘unclear’ were assigned numerical
values (1 to 3) to assist in aggregation and data presentation. The documents served as the
individual source of information for the scoring, which facilitated research objectivity.

Each coordinator of the selected projects (n = 39) was involved in order to verify our
coding of each project’s document. In addition, a third person (researcher in education)
provided ad hoc verification and also served as an external mediator for any inconsis-
tencies between the two primary coders. This ensured robust interpretative analysis and
conclusions [64].

This first phase served as a baseline, reflecting on the theory and practice of funded
research-based education projects in PPHEI, rather than an evaluation of a project. Results
are presented in the following section.

3.2. Perceptions of Coordinators and Key Participants of Selected Projects (Second Phase)

In the second phase, the focus was to determine the macro, meso and micro actions
(e.g., institutional structures and personal dynamics) that hinder or promote the sustainabil-
ity of effective pedagogical innovations (before, during, and after the end of the funding
period) in science and engineering fields.

In this way, conceptions of 9 coordinators of 12 funded projects were collected, through
individual interviews (from January 2017 to February 2018). The group of coordinators
was organised considering the following criteria: include coordinators with more than
one funded project (e.g., different research sponsoring agencies); incorporate coordinators
of projects that finished in different periods, specifically, 1–5 years after the end of the
project (medium term); more than 5 years after the end of the project (long term); involve
coordinators with projects implemented in the scientific areas of science (biology) and
engineering; include coordinators with management responsibilities in the host institutions
of the projects (e.g., vice-chancellors of universities).

Two open questions were presented to coordinators (interviews): To what extent
were the pedagogical innovations developed during the funded research-based education
projects adopted, adapted and/or reinvented, after the end of the funded period?; and
What were the main factors that have contributed to the sustainability of pedagogical
innovations, mainly at the macro (political and research), meso (institutional) and micro
levels (projects’ dynamics)?

During the interviews with the 9 coordinators, we asked them to provide us with the
contacts of some of their team members—the key participants—to deepen our understand-
ing of the “sustainability actions” applied at individual level (MICRO level). An online
questionnaire was designed with a set of questions that all key participants were asked
to complete. The aims of the questionnaire were to: check the type of involvement of the
key participant in the project; characterise the pedagogical innovation(s) developed and its
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operationalisation; determine the type of participation, the level of autonomy, the impor-
tance and effectiveness (impact) of participation in the context of the selected project(s);
and understand the dynamics that occur after the end of the projects, with regard to the
implementation, adaptation and/or reinvention of pedagogical innovations, as well as the
reasons underlying them (e.g., where were they implemented, what were barriers, lessons
learned and facilitators). A total of 40 key participants were contacted (40 key participants),
but only 17 key participants responded to the online questionnaire (Table 4).

Table 4. Corpus collected in the 2nd phase (interviews and questionnaires).

Host U_1 U_2 U_3 U_4 U_5 I_1 I_2 Total

Project
Proj.
1A

Proj.
2A

Proj.
3B

Proj.
4C

Proj.
5C

Proj.
6D

Proj.
7F

Proj.
8F

Proj.
9G

Proj.
10G

Proj.
11H

Proj.
12I

12 P

Year 2004 2010 2009 2010 2013 2012 2010 2012 2008 2010 2010 2011

Sponsor FCT FCT FCT MSTHE CFG CFG CFG CFG FCT FCT MSTHE CFG

Coorddinator
(expertise)

A
(Edu)

B
(Edu)

C
(Eng)

D
(Eng)

E
(Eng)

F
(Eng)

G
(Eng)

H
(Psy)

I
(Eng) 9 I

Key
particpants 3 2 7 1 2 2 0 17 Q

Legend: University 1 (U_1); Institute 1 (I_1); Education (Edu); Engineering (Eng.); Psychology (Psy); Interviews (I); Online questionnaire (Q)

Notably, seven key participants participated in more than one funded research-based
education project [Q1, Q2, Q3, Q7, Q10, Q13, Q15] (Table 5).

Table 5. Corpus collected in the 2nd phase (questionnaires).

Host U_1 U_2 U_3 U_4 U_5 I_1 Total

Q
Proj.
1A

Proj.
2A

Proj.
3B

Proj.
4C

Proj.
5C

Proj.
6D

Proj.
7F

Proj.
8F

Proj.
9G

Proj.
10G

Proj.
11H

Q1 x x 2

Q2 x x 2

Q3 x x 2

Q4 x 1

Q5 x 1

Q6 x 1

Q7 x x 2

Q8 x 1

Q9 x 1

Q10 x x 2

Q11 x 1

Q12 x 1

Q13 x x 2

Q14 x 1

Q15 x x 2

Q16 x 1

Q17 x 1

The analysis of the perceptions of coordinators and other key participants (e.g., teach-
ing staff and students involved in these innovations) helped to explore specific “sustain-
ability actions” applied before the implementation of studies (e.g., in proposals), during
the implementation of studies (e.g., during funding), and at the end of studies (e.g., after
the financial support ends).
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A content analysis technique [69–71], using WebQDA software, was applied to the
data collected. Qualitative analysis involved specifying characteristics of a participant’s
statement (coordinators and key participants), coding them, counting occurrences of the
coded categories, and subsequently using descriptive techniques to analyse the data. In
effect, the coded categories were treated as variables. The content analysis procedure was
similar to the first phase, the distinction being whether the data were used to attempt to
interpret meanings or focus on identifying dominant tendencies of “research sustainability
actions”. Indicators of analysis have emerged from the authors’ conceptualisations of
pedagogical innovations [24], the sustainability of research [28,42], and from the content
analysis process [69–71].

Three main dimensions were considered in this second phase: the Portuguese political
and research agendas to produce pedagogical innovations in HE and their sustainability
(MACRO level); the host institution’s contribution to support pedagogical innovations
in HE and their sustainability (MESO level); the project dynamics, through individuals
promoting and sustaining pedagogical innovations in HE (MICRO level).

4. Results

The goal for the first phase was to characterise the national funded research-based
education projects developed in Portuguese public HE institutions (PPHEIs), from 2004 to
2013; the goal of the second phase was to determine the macro, meso and micro actions (e.g.,
institutional structures and personal dynamics) that hinder or promote the sustainability of
effective pedagogical innovations (before, during, and after the end of the funding period)
in science and engineering fields.

Information from the three main sources of data (projects documents, interviews
with project coordinators, and online questionnaires from key participants in projects) is
given in the following sections, and thus triangulated in order to enhance the credibility of
findings [65]. Results are presented and discussed below, considering each research phase.

4.1. Document Analysis of the Research-Based Education Projects

Table 6 presents the funded research-based education projects promoted in the Por-
tuguese public higher education context by year and funding source.

Table 6. Projects categorised by year and funding source.

Research Sponsor

Funding Year FCT MSTHE CGF Total

[2004- ...] 3 0 0 3

[2005- ...] 0 0 0 0

[2006- ...] 9 0 0 9

[2007- ...] 0 0 0 0

[2008- ...] 3 0 0 3

[2009- ...] 3 0 0 3

[2010- ...] 3 10 3 16

[2011- ...] 0 0 1 1

[2012- ...] 0 0 2 2

[2013- ...] 0 0 2 2

Included studies 21 10 8 39

In the defined period of analysis (2004 to 2013), HE institutions and academics (e.g.,
teachers) had several opportunities, launched by different Portuguese Governments, to
apply for grants to develop research-based education projects in the Portuguese context.
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However, each research sponsoring agency has its specific research purposes in its “open
call applications”.

Both the MSTHE and the CGF had specific calls to grant research-based education
focused on the promotion of pedagogical innovations in Portuguese HE. For example,
the Portuguese Ministry of Higher Education (MSTHE) has funded ten research-based
education projects, particularly in 2010. From 2010 onward, the FCG has been the main
research sponsor of promoting pedagogical innovations, through eight research-based
education projects in PPHEIs.

If we look to the kind of calls promoted by each research sponsor, we can highlight
a more assertive concern, especially from 2010 onward, of supporting research-based
education projects, intentionally focused on the promotion of students’ academic success
and/or teachers’ academic growth. Both the FCG and the MSTHE included “Innovation in
Higher Education” as keywords in their open research calls. We believe that this certainly
affected the coordinators’ options regarding the kind of projects for which they applied for
financial support during the selected period.

One reason for the Portuguese political and research agenda’s alignment to fund
research-based education projects in HE can be explained, for example, by the political
scenario of HE during the analysed period (e.g., during the Bologna Process’ implementa-
tion). In fact, Tavares et al. [72] explained that Portuguese HE academics have combined
to change their pedagogical practices to a more student-centred approach, and this was
a huge academic challenge, despite the European crisis that affected Portugal, especially
from 2008 to 2010 and then going forward [30].

Results also reveal that 2005 and 2007 were weak years, in terms of the financial
support of research-based education projects in HE. The “Bologna Process influence”
emerged, in the document analysis, as a contextualisation reason for academics to apply for
research funds to develop pedagogical innovations in HE, which uncovers an alignment
between political and research agendas (in the FCT, CGF, and MSTHE).

MSTHE-funded projects (10) and CFG-funded projects (8) were considered short
empirical studies (one-year period of funding), whereas the FCT-funded projects (21)
were considered long empirical studies (two- or three-year periods of funding). However,
research-based education projects need time to identify a specific educational problem, to
look for solutions, to implement and evaluate them, and assure their sustainability, after
the end of the funding period. Consequently, funded research-based education projects
aiming to develop pedagogical innovation in academia will require more than one year.

Ref. [31] explains that one possible explanation for difficulties in promoting the “sus-
tainability of research” could be related to the length of funding projects. Certainly, to open
calls for short periods of time does not allow much more than to understand a particular
phenomenon in HE (e.g., to identify factors for the students’ academic difficulties).

Results show that the 39 projects were developed in 15 PPHEIs, of two types: uni-
versities (9) and polytechnic institutes (7). Despite the tendency of growing convergence,
partially due to the Bologna implementation process, polytechnic institutes and universities
have specific missions and distinct purposes. Universities have a strong conceptual and
research-oriented focus, and polytechnics are known for offering a more practical and
vocational-oriented education [73].

Figure 1 systematises the “scientific areas” of curricular units and courses in which the
included funded research-based education projects were implemented. This categorisation
considered the “year of open call for research”.
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Figure 1. “Scientific areas” of curricular units and courses.

A total of 19 projects were categorised in “HE”, with the majority funded by the FCT,
and with most funded in 2006 and 2010. These funded projects mainly focused on the
comprehension of a broad spectrum of PPHE subjects, such as the study of: professional
fulfilment and motivation of teachers (Proj. 20); factors for the students’ academic success
(Proj. 21); and women’s roles in science and engineering courses (Proj. 22).

The remaining projects (20) highlighted pedagogical innovations implemented in
engineering courses (16), biology courses (3) and an accounting course (1). Some funded
projects were, for instance, focused on the promotion of teachers’ academic growth (e.g.,
Proj. 2.A) and/or on students’ active learning (e.g., Proj. 11.H).

To sum up, document analysis of the funded projects suggested awareness in collating
key participants of the host institutions (e.g., teachers and students) in order to assure the
success of the project, namely, the promotion of an innovative strategy, even after the end
of funding. This can also be a consequence of the kind of funding call open at the time
(e.g., FCG and MSTHE, as already mentioned), and/or the overall conditions for the host
institution’s support (e.g., involving “program champions”).

4.2. Coordinators and Key Participants of Selected Projects

Concerning the Portuguese political and research agendas to afford pedagogical inno-
vations in HE and their sustainability (MACRO level), results show that all coordinators
explained the importance of having funding to follow up projects.

Additionally, all coordinators mentioned the “length and extent of the financial sup-
port” as a “sustainability action”, which could compromise the dissemination and exploita-
tion of the results, particularly the pedagogical innovations’ applicability, after the ending
of the funded period.

For instance, Coordinator A had developed two sequential projects (Proj. 1.A and
Proj. 2.A), specifically focused on the academic development process of biology teachers.
This coordinator applied for new research funds to promote the continuation of the previ-
ously developed pedagogical innovations (e.g., questioning strategy in genetic curricular
units) (Proj. 1.A) but involving other biology teachers (Proj. 2.A), as expressed by her: “In
general, we are more successful [in sustaining pedagogical innovation] when the projects
are interconnected [ . . . ] where there is an articulation between approved proposals [ . . . ]
for instance, my project’s financial period ends, I win another one but with different goals”
(Proj. 1.A and Proj. 2.A). Another example was presented by Coordinator 7, who had two
funded follow-up projects (Proj. 7.F and Proj. 8.F), which allowed the research team to use
and sustain different virtual laboratories in the engineering courses.

Probably, the coordinators had accomplished this articulation to be successful in
their application for research funds, although they did not assume it in the interviews.
This inconsistency may suggest a culture of disarticulation in the alignment between
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political and research agendas. [74] (p. 427) infers that teachers tend to assume “technically
unarguable, and socially and politically neutral” positions. This reflection aligns with
those coordinators’ statements, which could lead to the development of pedagogical
interventions in HE that do not actually include the challenges and principles that emerge
from policies, namely, the Bologna Process.

In what concerns “the host institutions’ contribution to supporting pedagogical in-
novations in HE and their sustainability” (MESO level), all the interviewed coordinators
highlighted the importance of coordination between the research design (e.g., aims and
methods), and the “institutional strategy of the host institution” to promote pedagogi-
cal innovations. The coordinator’s leadership in benefiting the host institution leaders
contributed to the promotion, and even sustainability, of research, as expressed by this
coordinator: “The first contact we did was with the Head of the Departments the President
of the Pedagogic Assembly/PA [ . . . ] therefore they have been always involved [ . . . ] this
dynamic causes decisions made by the PA President to nominate, for example, a person
responsible to collaborate with us in the Departments [ . . . ]” (Proj. 3.C).

Despite the HE organisational institutions’ differences (universities and polytechnic
institutes), already discussed, all coordinators agreed on the existence of “special elements”
in the host institution, because they had the authority and the capacity to meet the com-
mitments in order to achieve the project goals. Those elements had different roles in the
host institutions (e.g., directors of HE courses), and were able to motivate their peers (e.g.,
directors, teachers, etc.) of the courses to be involved in the development process for
innovation. Authors call these elements the “program champions” [42,61], highlighting
their relevant role in project goals’ achievement and sustainability.

The results revealed that two host institutions, both universities, have created “staff
development offices” to support the development of pedagogical innovations, after the
end of relevant funding periods. One coordinator explained that, when the funding period
of a project finished, “the development of tutorial sessions with teachers and students
of the host institution” was maintained. Another coordinator explained that the staff
development office, installed in an engineering faculty, has enabled: (a) the maintenance
of educational resources; and (b) retaining human resources (e.g., research fellows) to
support teachers during impact evaluation of the implemented pedagogical innovations.
Thus, outcomes emerged from the funded research-based education projects that have
contributed to sustainability for pedagogical innovations.

Regarding “the influence of project dynamics to promote and sustain pedagogical
innovations” (MICRO level), with respect to the choice of the research team, partnership
between different profiles of team members also seemed to be important. For example, all
coordinators have highlighted the importance of involving multidisciplinary teams with
educational researchers and engineering teachers at the same university.

According to the opinion of the six coordinators (Proj. A.1, Proj. A.2; Proj. B.3; Proj.
C.4; Proj. D.5; Proj. E.6; Proj. H.11), during this interdisciplinary collaboration (a) to
prepare and/or reflect on the implementation (e.g., the impact of pedagogical innovations
in teachers’ academic growth and/or students’ learning success); (b) the teachers were more
focused on their academic practices (e.g., to design and implement pedagogical innovation
in curricular units); (c) the educational researchers were responsible to collect and analyse
data to monitor and evaluate the impact of the implemented pedagogical innovations.

As Pedrosa-De-Jesus et al. [19] highlighted, it is important to create institutional
opportunities to enhance collaboration between teachers and educational researchers,
particularly through involvement in research-based education projects. For that to happen,
these “key actors” should become “peers” in conceiving and evaluating pedagogical
innovations [31].

All coordinators clarified that they published the research results in journals, mostly in
English (the common language of the scientific community). This certainly could constitute
a constraint on that sustainable channel—science-related communication. Knowledge
mobilisation in the social sciences, such as in educational sciences, could be an action
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that opens results to a wider audience and contributes to the sustainability of research
outputs [75].

As presented in our rationale, currently, the research sponsors (e.g., European Com-
mission) have been asking for the inclusion of “dissemination and exploitation plans for
funded research” in order to guarantee: the impact of research on people, practices, organi-
sations, and systems (research impact); and the use of research results beyond the term of
the funding period (sustainability of research).

However, all coordinators emphasised that they are usually evaluated concerning
scientific production in their areas of expertise (i.e., in biology or engineering), and not
so much by the pedagogical innovations developed throughout research-based educa-
tion projects.

The 17 key participants explicitly confirmed, in the online questionnaire, that the
pedagogical innovations had been sustained when the initial funded research came to an
end. For instance, key participants 1 and 2 participated in both Proj. 1.A and Proj. 2.A.

As we noted above, Coordinator A’s leadership in promoting two funded research-
based education projects has contributed to the promotion and the sustainability of research
results. Thus, this group of biology teachers was engaged in the development of pedagogi-
cal innovations in their academic practice.

In terms of the benefits, the key participants said that the main gains of their par-
ticipation in the two funded projects were at two levels. First, at the research level, the
key participants from biology [Q1, Q2] highlighted two important benefits: implementing
pedagogical innovations in their classes as a result of research-based education (e.g., written
formative feedback); contact with other scientific cultures, namely, educational research;
and reflecting on their academic growth.

Second, at the academic level, other key participants from engineering [Q7, Q10, Q13,
Q15] highlighted other potentialities, such as: designing and integrating various web-
related technologies to teach and learn in engineering courses (e.g., virtual laboratories
in practical lessons); creating supporting pedagogical documentation (e.g., online tutorial
videos in theoretical lessons); and involvement in communities of practice of education
of engineering.

Beyond the funding of those projects, one key participant from the engineering area
[Q15] said that belonging to a community of practice of education in engineering allowed
them to sustain the pedagogical innovations developed through previous funded research
(e.g., remote laboratories) in other higher education institutions (e.g., in Brazilian universities).

Nevertheless, the key participants identified constraints to sustain the innovations
after the end of the funding period, which emerged within the borders of the host institution
where those projects were implemented, such as: the existence of leaders’ misconceptions
of the conceptual matrix of the project [all Q]; the difficulty of reaching and convincing
more colleagues to (re)use pedagogical innovations in their academic practices [Q4]; and
the difficulty of maintaining technical and operational remote laboratories, without human
resources capacitated for that [Q15 and Q16].

5. Conclusions

This study helped to characterise which “sustainability actions” have been included in
the design and development process in national research-based education projects selected
in the study and to identify which actions could hinder or promote the sustainability of
pedagogical innovations developed through funded projects. The development process
of sustaining pedagogical innovations emerging from funded research-based education
projects in HE is complex, due to the multiple factors involved (political, institutional,
and individual).

Results also demonstrated that, in some cases, the pedagogical innovations developed
during funded research-based education projects were sustained by the key participants
after the end of the funding period. In those cases, key factors resulted in promoting
innovations and sustaining pedagogical innovations in academic practice over the years.
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Results show how “sustainability actions” were applied in projects, namely: in applying
for project funding (before the funding period); in the project’s implementation (during the
funding period); and after the project’s implementation (after the funding period).

Although we cannot generalise these outcomes to PPHEIs, due to the qualitative
and non-representative sample of funded research in the analysed period (2004 to 2013),
the study allowed us to propose some recommendations for the future at the political
(recommendations aimed at politicians and sponsors), institutional (aimed at leaders) and
individual levels (aimed at teachers); these recommendations impact how the sustainability
of research is considered, throughout their proposals and development processes.

The political agendas should not only afford the development of pedagogical inno-
vations in HE, but also guarantee that the project design proposal is integrated from the
beginning with “sustainability actions” to disseminate and/or exploit research results,
even without funding. A research funding agenda should open calls that explicitly define
the goals to be achieved—produce innovations in HE (such as those of CGF) and require
plans for sustainability (such as those from the European Commission). However, the
funding period of the research needs to be adequate for such an endeavour. Short periods
(e.g., one year) do not seem to enable conceiving, implementing, and assessing innovation
in HE.

Decisions at the institutional level should be aligned with national and international
political and research agendas, particularly those that are specifically related to the impor-
tance of promoting pedagogical innovations. For that, it is important that host institutions
(e.g., universities) continue to provide “internal support”, not necessarily just funds, to
teams that have already produced knowledge from previous funded research-based edu-
cation projects. Different institutional initiatives could be implemented, such as: making
diverse institutional resources (e.g., the creation of “staff development offices”) available
to these research teams; giving internal extra funding for the development of follow-
up research-based education projects; and valuing the involvement of research-based
education projects in teachers’ professional evaluation process (e.g., investing in “staff
development of teachers”).

Finally, the projects’ internal dynamics are closely related to the coordinator’s leader-
ship, who may apply different “sustainability actions” during the development process of
the project, namely: in the proposal project, where sustainability should be incorporated
(e.g., by empowering the participants teachers, by planning effective dissemination of the
project results); and during the project implementation, project coordinators should create
an environment that ensures the participation of teachers in critically reflecting on their
practices, prepare the conditions for the continuation of innovation after the funding period
(e.g., negotiate such conditions at an institutional level), including “program champions”
(e.g., directors of courses where the innovation will be implemented) and members with
different profiles (e.g., educational researchers and teachers in line with the specialties of
the courses where the innovation will occur). Nevertheless, projects should be developed
in such a way that results/outcomes (e.g., pedagogical innovations) can be tailored to the
needs of others, transferred to new areas, sustained after the funding period has ended
and/or be used to influence future policy and practice.

The “sustainable actions” identified in our study can provide guidelines for the
conditions necessary for the sustainability of research-based education projects, and expand
their scope to other HE scenarios (course units, courses and/or institutions). In particular,
this study reveals that different “key actors” are involved in the creation and sustainability
of pedagogical innovations.

Although results cannot be generalised statistically—because generalisations are
made for theory and not for a population [67]—the identified “sustainability actions”
could be performed, as [24,25,28,31,44] highlight, by key actors of three higher education
spheres—macro (policy and decision-makers in research-sponsoring agencies), meso (in-
stitutional leaders), and micro (teamwork dynamics). Each “key-actor” was linked to
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sustainability factors that have influenced (or not influenced) the sustainability of the
research, namely:

• In the national research agencies (e.g., funding lines focused on pedagogical innova-
tions in higher education);

• The host institutions (e.g., institutional leaders who have responsibilities in curricu-
lar development);

• The projects (e.g., researchers and teachers who, in the light of the policy guidelines,
aim to introduce pedagogical innovations in their academic practices).

At an upper level of sustainability of research, upscaling it is necessary, meaning, for
example, dialogue with diverse “key actors” to reinforce definitions from political and
research agendas, so that research can be developed in a way so as to promote pedagogical
innovation developed through research-based education projects in HE, and requiring
its sustainability.

Ultimately, what is important is the presence of leadership competencies of “key
actors” in each higher education sphere, because each “key-actor” could play a different,
but relevant, role in influencing, promoting, and sustaining pedagogical innovations
through educational research.
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Abstract: (1) Background: based on the constantly increasing requirements for modern university
graduates, we have developed an educational model that allows us to introduce content and language
integrated learning into classes with a multilingual approach, which will allow students to use several
foreign languages in the process of professional communication. The purpose of the paper is to
evaluate the efficiency of a newly introduced integrated learning model from the perspective of
students, to identify the impact of such a model on students’ professional discipline learning outcomes
and to determine if the learning model contributes to an improvement in foreign language proficiency.
(2) Methods: for our research we used qualitative and quantitative data from students’ records of
professional discipline and Spanish testing, as well as surveys and interviews on proposed learning
model efficiency. Two groups of students took part in the experiment (N = 23 and N = 24). (3) Results:
results on students’ Spanish proficiency showed that the proposed learning model had a positive
influence. Students from the experimental group got higher results on Listening, Reading and
Speaking. According to results on professional discipline, both groups achieved approximately equal
scores. Moreover, students described such a proposed learning model as efficient and progressive,
giving a lot of advantages. (4) Conclusions: the experiment conducted confirmed the efficiency of the
proposed learning model. In conclusion, it can be recommended for the realization of a multilingual
approach, as well as the learning of a professional discipline.

Keywords: assessment of student learning; multilingualism; language teaching; second language
acquisition; CLIL

1. Introduction

1.1. Background

Despite significant investments in foreign language teaching, student competencies
continue to fall short of expected levels (students’ foreign language proficiency in Russia is
worse than in Europe) [1]. With an obvious decrease in the problems associated with the
availability of learning a foreign language within educational institutions, the effectiveness
of language education is still unsatisfactory. Despite the fact that there are a lot of learning
hours dedicated to learning a foreign language at university, the level of proficiency is still
not satisfactory. Currently, it is necessary to take a fresh look at the quality of teaching for-
eign languages. The implementation of changes in modern higher education in the context
of a modernizing society presupposes the need to implement not only a competence-based
approach, but also the introduction of interdisciplinarity and meta-discipline in the learning
process at a higher educational institution [1]. To achieve interdisciplinarity in education, a
contemporary approach is used: content and language integrated learning. This approach
allows the study of two subjects within the same discipline, namely, professional and
linguistic, which forms both linguistic competencies and professional competencies [2,3].
Content and language integrated learning is already used in a number of educational
institutions in Europe [4], but most teachers and methodologists in Russia still do not fully
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understand the mechanism of this approach and its implementation in the curricula of
schools and non-linguistic universities. This is due to the low level of foreign language
competence among engineering professors in Russia. In the Russian education system,
the method of integrating foreign languages into the general outline of the educational
process is practically not used. Undoubtedly, the development of language competence
in the universities of the Russian Federation could move to a qualitatively new level if
this approach was thoroughly studied and the mechanisms of its implementation in the
learning process were mastered.

However, the development of the educational system focuses not only on interdisci-
plinarity. One of the modern requirements for future specialists is a knowledge of several
languages [5,6]. Thus, future university graduates will have to be multilingual. Such a
requirement imposes a great burden on students, and also requires from the educational sys-
tem innovative educational models that allow students to learn several foreign languages,
as well as to be able to use these languages in the field of professional communication.

Thus, we have developed an educational model that allows us to introduce content and
language integrated learning into classes with a multilingual approach, which will allow
students to use several foreign languages in the process of professional communication.

To test our proposed educational model, we conducted an experiment among students
of Peter the Great St. Petersburg Polytechnic University. The experiment was attended by
3rd year students of the international educational program “International Business”. The
choice is due to the following facts:

• the groups consist of students of different nationalities,
• teaching takes place in English (not native for students and the teacher),
• the curriculum includes the discipline “Spanish”, which is studied in English, and is

suitable for the use of content and language integrated learning and a multilingual
approach. The point was to learn Spanish. English was the teaching language, as
the students came from different linguistic backgrounds – their L1s were different,
teaching was on their L2s, and they were learning an L3.

The objective of the research is to assess the application of the developed educa-
tional model, which includes content and language integrated learning and a multilingual
approach.

1.2. Literature Review
1.2.1. Content and Language Integrated Learning and Its Forms

In many countries (including Russia), universities are adapting their educational
programs in accordance with the growing demand for specialists with high knowledge of
the English language by developing and applying in practice various bilingual educational
programs. One of the most visible and most common approaches to these programs is
Content and Language Integrated Learning (CLIL) [7]. There has been a large body of
research on the efficacy of CLIL classes in terms of their impact on learners’ language and
subject knowledge [8].

CLIL is an approach that involves studying the content of a non-linguistic subject
(e.g., history or geography) taught in a foreign language, and therefore learning that
foreign language by studying the content of that subject [7,9]. According to the European
Commission, CLIL “seeks to develop knowledge in both a non-linguistic subject and the
language in which it is taught, giving the same meaning to each of them” [10] (p. 7). This
means that a distinctive feature of this approach is the setting of a double goal, namely,
improving the level of competency in a foreign language as well as knowledge in a non-
linguistic discipline.

Many CLIL studies have found beneficial effects on English proficiency [4,5,8,11–17].
However, they should be interpreted with caution, as most CLIL studies do not sufficiently
control selection effects and pre-existing differences between CLIL students and other
students [18].
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There is a rather contradictory picture of the efficacy of bilingual education in the
development of subject knowledge. While some studies found no difference in knowledge
of content and subject matter [19,20], others found benefits for bilingual students [21–23]
or for monolingual students [24–27].

Piesche et al. [28] studied the influence of a bilingual and monolingual approach
on the assimilation of the content of a professional discipline. The results of this study
showed that monolingual students were better than bilingual ones by about a fifth of
the standard deviation. This was the first time that bilingual learners had taken part in
bilingual education, and Piesche et al. [28] suggested that this was the main reason for
their result. In turn, studies by Dallinger et al. [14,29] found no difference between CLIL
and non-CLIL students, using a history course as an example. It is worth noting, however,
that the bilingual course taught history for 3 h, not 2 h (monolingual course) per week.
Dallinger et al. [30] also found positive effects from a more frequent use of English, as well
as a more frequent use of a second foreign language to introduce new terms (to improve
knowledge of the professional discipline), which supported the idea of the deliberate use
of multiple languages.

1.2.2. Multilingualism

In this study, we define multilingualism at the individual level as a person’s ability
to use two or more languages and “easily switch from one language to another” [31]
(p. 158). From the point of view of multilingualism, languages are considered as separate
language systems, and not dialects, styles or registers within one language system [32].
Teachers may not always be multilingual, as some native speaker teachers speak only one
language, especially those who teach English [33]. In contrast, non-native speakers are
always multilingual because they teach a language that is not their first language. Thus,
they are equally proficient in several languages in the sense that they have advanced
abilities in at least two languages (i.e., in their first language and the language they teach),
which is not always the case with native teachers [33].

In teaching foreign languages, it has often been assumed that one teacher teaches only
one foreign language, which was the norm in schools in most countries. It was relatively
rare to find people teaching two or more foreign languages in Russia [34]. Research on
foreign language teachers has also focused on the identity, beliefs and practices of those
who teach primarily one foreign language, usually English [33,34]. Recently, researchers
have begun to pay increasing attention to the benefits of introducing teaching methods in
language classrooms that use multilingualism as a resource, that is, multilingual teaching
methods (MTP) [35–38].

The growing level of superdiversity [39] has prompted some countries to change
their language teaching programs in schools and universities to promote multilingualism
among the younger generation and prepare them to succeed in a globalized world in which
multilingualism is considered an asset [30,40]. As part of these changes, there have also
been attempts at the political level [41] to encourage teachers to implement MTP.

Multilingual teaching is an educational approach that teachers can use to raise their
students’ awareness and understanding of linguistic diversity and encourage them to
use their knowledge of other languages and language experience when learning a new
language [33,35,42]. Through this type of learning, teachers increase the motivation of
students by helping them realize that they are not entirely novices, and that they already
have a set of tools that they can use to learn new languages more effectively. MTPs have
also been shown to improve student literacy and pragmatic knowledge, as well as overall
language performance [43–45]. Examples of MTPs include translation, awakening to
language action, cross-language comparisons, multilingual storytellings and language
diaries [23,46,47].

This study defines multilingualism in multilingual classrooms as the process in which
multilingual teachers and students engage in complex, multiple discursive practices, includ-
ing translation, to communicate in and navigate multilingual classrooms [35]. Multilingual
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practices can be used in a targeted and systematic way to overcome language boundaries
and to improve and maintain the language skills and multilingual competence of learn-
ers [48]. In addition, this deliberate use of multilingualism enhances students’ ability to
analyze and compare different language systems, which contributes to their learning [49].
According to García and Silvan [35] (p. 389), multilingualism is also “part of the discursive
regimes that students must perform in the 21st century,” as it not only reflects the interac-
tions of multilingual people in their daily lives, but also how an opportunity to develop
their multilingual skills through translation allows students to improve their knowledge of
each of their languages.

The available research on multilingualism offers educational institutions seeking to
promote multilingual practices among students a limited opportunity, since the types
of multilingualism studied cannot be offered to all students. Adopting the concept of
multilingualism as a pedagogical resource enabling everyone to achieve multilingualism
will more accurately reflect the profiles of all teachers and students in a language class. The
number of studies that have used multilingualism as an educational approach is currently
very limited [50]. It is also worth noting that many studies have used a small number of
participants, which affects the generalizability of the results when the goal is to understand
broader trends in teacher acceptance of the MTP language in a given context [34].

At the same time, research on multilingualism as a pedagogical resource is practically
absent in some countries. One such country is Russia, where the government is just begin-
ning to introduce multilingual educational practices through initiatives to learn several
foreign languages in schools and universities [51,52]. In Europe, some countries also receive
much less attention than others when it comes to research on pedagogical multilingualism.
For example, research in Norway has focused on teachers’ beliefs and practices regarding
multilingualism in schools [53], which provides only a partial indication of their use of
MTP. What is interesting for our study is that in Norway, a new national curriculum for
English entered into force in 2019, which promotes multilingualism in language teaching
and learning [54]. The updated curriculum now emphasizes the relevance and value of
multilingualism [54]. The learning outcomes of the new curriculum likewise highlight
the development of an awareness of different languages and the use of the languages
spoken by students to find similarities at different linguistic levels, from vocabulary and
expressions to more complex language similarities and differences [54].

In addition, since multilingual users are expected to use different languages in dif-
ferent situations for different purposes, they may need to use all components of the
communication competence; however, there is often an asymmetric development of these
components, that is, they do not necessarily develop all competencies in each of these
languages at the same level [55]. Consequently, the successful study of a foreign language
presupposes the ability to correctly choose and use communication strategies from a lin-
guistic repertoire [34]. Appropriate language learning strategies are tools that are believed
to encourage learners to take responsibility for their own learning and lead to increased
language proficiency and greater self-confidence [34].

Analysis of the literature showed that the use of subject language integrated learning
for a multilingual group of students has not been studied enough. Several studies [56,57]
are examining the use of CLIL in multilingual groups for the study of professional disci-
plines (e.g., business English) and English. However, no studies were found examining
multilingual courses combining Spanish and English. Thus, the purpose of this study is to
assess the efficiency of the content language integrated learning in a multilingual class.

2. Materials and Methods

Our research involved 3rd year undergraduate students (N = 47) studying the program
“International business (international educational program)” at the Peter the Great St. Pe-
tersburg Polytechnic University. To implement the experiment, the discipline “Spanish
language”, which is taught in English, was used. Within the framework of this research, a
multilingual approach to the study of the Spanish language and the basics of international

226



Educ. Sci. 2021, 11, 808

business in Spanish was implemented in the context of content and language integrated
learning, as content and language integrated learning involves dual goal-setting, namely
the study of two disciplines within one subject.

The multilingual approach is supposed to use English and Spanish in teaching materi-
als, given that these languages are not the native languages of the students. Thus, students
used only languages foreign to them.

Figure 1 shows a model of teaching undergraduate students in the department of
“International Business” in the discipline “Spanish language”, taught in English. The work
on the presented model is suitable for students with a level of Spanish knowledge A2-B1
and a minimum level of English knowledge B2. The experiment lasted 1 semester (February
2021–June 2021). During the semester, students studied 5 topics. For each topic, work was
carried out in a specific teaching method.

Figure 1. Learning model for the discipline “Spanish language”.

The first stage of the work consists in the independent work of students with new
vocabulary on a certain topic. The new vocabulary is presented in the form of a dictionary
with an English-Spanish translation. Students need to familiarize themselves with the
vocabulary (e.g., vocabulary for such topics as places of employment, professions, office
equipment, H.R., international trade, negotiations) and, if necessary, translate it into
their native language before the classroom session (“flipped classroom”). The electronic
educational platform Moodle is also used, where exercises for learning vocabulary are
presented (for example, exercises based on matching a term in Spanish with a definition in
English), as well as the opportunity to hear the pronunciation of words in both languages.

In a classroom lesson (2nd stage), students are offered various tasks (e.g., “Read
the texts and complete the gaps with the words from the list” or “Choose the verb to
complete the phrases”) to practice the previously studied vocabulary. During the lesson,
students discuss all vocabulary, including professional terminology, in English (possibly
using Spanish) that is incomprehensible to them during independent study (face-to-face
classroom), making up definitions for basic economic terms on the topic. Also, during the
class, the grammatical material proposed for study within the framework of the Spanish
language discipline is discussed.

The basis of the 3rd stage is teamwork. Students are encouraged to independently
study the theoretical material of professional content in Spanish. It is necessary to divide
the group into 3–4 small subgroups of students, each of which studies the proposed section
using theoretical material. Then, during the classroom session, students talk to other
groups about the material they have learned in English, providing key phrases, concepts,
and terms in Spanish. At the end of each block of theoretical material, questions for
thought and analysis are presented (e.g., “Twenty years from now we will have seen a
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huge global market emerge for standardized consumer products. Do you agree with this
statement? Justify your answer.”). The whole group is invited to collectively answer the
questions posed (teamwork). The Moodle contains video and audio materials in Spanish
with English subtitles on the topics studied, which make it possible to better understand
the theoretical material.

The 4th and final stage consists of project work. Each topic of the manual ends with a
final task (case study). Students are offered a task in the format of a case with questions
(e.g., a case about the hiring policy applied by Lenovo). The assignment is presented as a
text in Spanish describing a problematic situation in business. Questions are attached to
the text to provide a solution to the problem. After studying the case, students prepare a
presentation in Spanish, either in their teams or individually, about their proposed solution
to the problem, answering questions in Spanish (project-based classroom).

According to this model, students studied all 5 topics during the semester.
In order to obtain a detailed analysis of the results of the experiment, preliminary

testing of all 3rd year students (5 groups of 23–25 people) for knowledge of English, Span-
ish and the theoretical foundations of the discipline of International Business was carried
out. The tests of Spanish and English proficiency consisted of 4 parts: Listening, Read-
ing, Writing and Speaking. The tests were conducted partly through the online platform
Moodle—being developed for the St. Petersburg Polytechnic University (Listening, Read-
ing, Writing)—and partly via seminars (Speaking). The theoretical test was conducted
through Moodle and consisted of 20 questions, presented in English.

Based on the most similar results in preliminary tests, we chose a section of the
participants and created 2 groups. In one group, Spanish classes were held in a traditional
form in English, without content and language integrated learning and a multilingual
approach (N = 23). In the second group, classes were held according to our proposed
educational model (N = 24). The native languages of the students of the experimental
group were Chinese (7 students), Arabic (8 students), Urdu (2 students), French (2 students)
and Kazakh (5 students). The native languages of the control group students were Chinese
(5 students), Arabic (7 students), Urdu (4 students), French (1 student), Kazakh (5 students)
and Azerbaijani (1 student).

At the end of the course, students from the two groups were re-tested in Spanish to
determine the impact of the proposed educational model on the learning of Spanish.

The students in the experimental group also underwent testing on the theoretical
foundations of International Business to determine the effectiveness of the use of the
CLIL method in order to study a professional discipline along with the study of a foreign
language. Testing in a professional discipline was carried out in English.

In addition, students from the experimental group completed a survey and a short
interview, where they expressed their opinion about the course studied and the educational
model applied.

This paper is based on the following research questions:

1. Is there a significant difference in the level of Spanish proficiency before and after
the course?

2. Does the proposed educational model help to improve knowledge in the discipline of
“International Business”?

3. Is the proposed learning model effective from the students’ perspective?

The hypothesis of the study is that the proposed educational model positively influ-
ences students’ Spanish proficiency and professional discipline knowledge.

To obtain the results we used both quantitative and qualitative data (Table 1).
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Table 1. Data collection.

Results Sort of Data Collection Type of Data

Spanish proficiency Scores on testing (N = 47) quantitative
Professional discipline knowledge Scores on testing (N = 47) quantitative

Efficiency of the learning model from students’ perspective Interview (N = 24) qualitative
Survey (N = 8) quantitative

For the analysis, descriptive statistics and pair-samples of students’ t-tests were conducted.

3. Results

3.1. Learning Results
3.1.1. Spanish Testing

Testing on Spanish proficiency was conducted twice: once before the course and once
after it, for two groups (experimental and control). Before the experiment, we asked the
groups of students to identify the level of their Spanish proficiency. The test included the
assessment of 4 categories: listening, reading, writing and speaking. When the course
finished, students were tested again.

In general, the overall quality of students’ Spanish knowledge in four categories
improved (Figures 2 and 3).
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Figure 2. Descriptive results of the pre-test and the post-test on Spanish proficiency (Experimen-
tal group).

The t-value test allowed us to discover whether the difference between the pre-test
and post-test was significant in both groups, and thus whether it was possible to make a
conclusion on the positive, neutral or negative effect of the proposed educational model.

A comparison of the results of the two tests (before and after the course) taken by
the participants (experimental group) in the experiment indicates that the improvements
in listening, reading and speaking were significant at the p < 0.001 level. In the writing
category, students in the experimental group showed fewer progressive achievements, but
due to Student’s t-test they were also significant at the p < 0.05 level (Table 2). This difference
in the development of writing skills is explained by the fact that in the CLIL group, more
attention was paid to the development of communicative oral skills and group interaction.
In the traditional teaching model, more emphasis was placed on writing. Taking into
account the results of control group, here students showed fewer progressive achievements
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in reading. Generally, however, both groups indicated a high level of improvement. Hence,
we can firstly confirm the efficiency of such an integrated learning model for the purposes
of learning Spanish.
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Figure 3. Descriptive results of the pre-test and the post-test on Spanish proficiency (Control group).

Table 2. Descriptive results of pre-test and the post-test on Spanish proficiency.

Group Category Test Mean (SD) t-Value

Experimental

Listening Pre-test 13.5 (1.87)
5.3 ***Post-test 16.71 (1.94)

Reading Pre-test 15.32 (2.1)
4.1 ***Post-test 17.44 (1.97)

Writing Pre-test 15.1 (1.79)
2.2 *Post-test 16.9 (1.88)

Speaking Pre-test 14.54 (1.74)
5.2 ***Post-test 17.88 (1.78)

Control

Listening Pre-test 13.7 (1.83)
4.3 ***Post-test 15.98 (2.02)

Reading Pre-test 15.1 (1.99)
2.1 *Post-test 16.88 (1.85)

Writing Pre-test 15.05 (1.89)
4.2 ***Post-test 17.2 (1.94)

Speaking Pre-test 14.37 (1.69)
4.5 ***Post-test 16.91 (1.78)

* p < 0.05; ** p < 0.01; *** p < 0.001.

3.1.2. Professional Discipline Testing

Assessment in the professional discipline (the International Business course) took the
form of final testing that consisted of 25 closed questions in English (e.g., “What is the
absolute advantage theory?” or “According to the theory of comparative advantage, how
does opening a country to free trade affect its economic growth?”). This test was only done
at the end of the course for both groups. The test was performed through Moodle with
learners in both groups (experimental and control groups). The average test results are
presented below (Table 3).
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Table 3. Descriptive results of testing for professional discipline proficiency.

Group Testing Results Mean SD t-Value

Experimental Professional discipline 71.87 5.72
1.7Control Professional discipline 73.44 6.13

* p < 0.05; ** p < 0.01; *** p < 0.001.

According to the results of the professional discipline testing, both groups achieved
approximately equal scores. Control group students passed the test better, but the difference
in the results is not significant, so we can confirm a neutral effect on professional discipline
outcomes (the proposed educational model has the same efficiency as a traditional one).
Thus, it can be concluded that the proposed learning model can be used for professional
discipline learning purposes as well.

3.1.3. Efficiency of the Learning Model from Students’ Perspective

The survey on the efficiency of the learning model consisted of 5 statements and
was given to the experimental group of students. In this part, the students were asked to
rate statements according to the following scale: 1-strongly disagree, 2-disagree, 3-unsure,
4-agree and 5-strongly agree. The results are shown in Table 4.

Table 4. Results on the efficiency of the learning model from the students’ perspective.

Statement Mean SD

The current learning model can give more advantages rather than disadvantages to my
academic achievement 4.41 0.32

The current learning model can enhance my multilingual competency 3.87 0.39
The current learning model provides complete content in my learning with good exercise 3.95 0.28
The current learning model provides me with different learning styles and can make my

learning more fun 4.11 0.42

The current learning model helps to make my lesson more effective compare to traditional
learning model 4.34 0.33

Average efficiency level 4.14

Results of the survey showed that students perceived the proposed learning model
as effective and more productive in comparison to traditional learning models. What is
more, from their perspective it helps to develop multilingual competency and give more
advantages rather than disadvantages to their academic achievements.

In addition, students from the experimental group were asked to participate in in-
terviews. 11 people agreed to the interview and the subsequent processing of this data.
Among these were students with different academic performance. For a reasonable assess-
ment, 8 students were selected from the volunteers:

• Two students with high scores on the results of two tests (professional discipline
and Spanish),

• Two students with a high score in Spanish and a low score in professional discipline,
• Two students with high scores in professional discipline and a low score in Spanish,
• Two students with low scores on two tests (professional discipline and Spanish).

This choice of students is justified by the need to get feedback from an equal number
of students with each level of academic performance. Each student was asked to answer
five questions related to their assessment of learning according to the proposed model:

• Give a brief assessment of the course passed;
• Highlight the advantages of learning according to the proposed model;
• Highlight the shortcomings of training according to the proposed model;
• Do you consider it expedient to introduce the discipline “international business” into

Spanish classes?
• Do you find the use of several languages in the learning process useful?
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It should be noted that students with poor academic performance gave more negative
feedback than students who excelled. Since students with poor results are used to looking
for a cause among external factors, they pointed out the shortcomings of the educational
model. However, special attention should be paid to the reasons for this attitude among
students. All students noted that it became much more difficult to study according to the
new model. This is due to several factors:

1. An unusual shape: over the past 2 years of studying the discipline “Spanish”, students
have become accustomed to the traditional form.

2. For the successful completion of the discipline, professional knowledge is required,
which not all students have in the same amount.

3. Working in a new format requires a good knowledge of the Spanish language. Stu-
dents experienced difficulty using the Spanish language.

As a result, five out of eight students expressed satisfaction with the passed course.
Two students remained indifferent. One student spoke negatively: “The idea of studying
international business in Spanish without knowing Spanish is a bad idea.”

Among the advantages of the educational model, students noted:

• Interesting form of presentation of material, including various forms of activity and
work (“working with case studies was the most interesting part, classes became much
more interesting”);

• Open recognition of the importance of using the mother tongue on an equal footing
with English for learning a second foreign language (“reliance on the native language
greatly simplified the study L3”);

• Study of professional vocabulary in Spanish (“we were able to learn really useful Spanish”);
• Obtaining skills in the use of Spanish in business communication (“it was useful to

learn how to apply Spanish in future professional activities and negotiations”);
• Significant progress in the development of speaking skills (“this semester a lot of

attention was paid to the spoken aspect, which is usually very lacking”);
• Increasing motivation to learn due to the lack of monotony in the educational process

(“tasks were interesting, which motivated to complete them all”).

The disadvantages were also noted:

• Unnecessary complexity (“too difficult, no one knows why”);
• Insufficient knowledge of Spanish to implement such training (“we do not have such

a level of Spanish to master professional content”);
• Insufficient attention is paid to developing writing skills and explaining grammar (“it

was better to do more grammar, not business”);
• Overloaded educational process, work on cases in a group takes more time (“such a

program requires a lot of time, which we do not have, since we study other disciplines”).

The use of multilingual education was very popular among interviewed students.
The respondents noted that at the beginning of the course they could not get used to
the constant switching between languages, since in the last two years Spanish was the
most common language used in the classroom. By the end of the course, however, the
students appreciated the idea of using multiple languages and noted that it helped them to
understand the rules of the Spanish language, as there was a comparison with their native
language and with the English language.

An important aspect that the respondents drew attention to was the advantage of
the multilingual approach in the study of professional discipline. Since students study
according to an international program, all theoretical knowledge is accordingly exchanged
exclusively in English. The proposed learning model allowed them to look at professional
content differently, from the perspective of a different language, which expanded their
knowledge and immersion.
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4. Discussion

After analyzing the results of the experiment, we can draw conclusions about the
positive experience of implementing the proposed educational model, thus confirming
our hypothesis.

As a result of training according to this model, the Spanish language outcomes in the
experimental group were better than in the control group. Consequently, the application
of this model contributes to the study of the Spanish language. It is worth noting that the
results of the experimental group showed that writing skills developed to a lesser extent
than others. This difference in the development of writing skills is explained by the fact
that in the CLIL group more attention was paid to the development of communicative
oral skills and group interaction. In the traditional teaching model, more emphasis was
placed on writing. In further work on the educational model, it is necessary to take this
into account and think over additional activities for better progress in writing skills.

The study of professional discipline in the Spanish language class has become a
controversial point in discussion with students. Some students responded negatively.
However, according to the results of testing students in the course of international business
(professional discipline), the control group coped better than the experimental group. It is
important to emphasize that the difference in the results of the control and experimental
groups turned out to be insignificant. Thus, the application of the educational model under
consideration contributes to the study of professional content, albeit insignificantly. With
the further development of the design of the model under consideration, it is worth taking
this into account and finalizing the block of professional discipline for its greater efficiency.

As a result of the survey (N = 24), as well as interviews (N = 8) with students, it was
revealed that students evaluate this model as effective. The development of multilingualism
and switching between languages was especially noted. The students also noted the
increased motivation to study and the emerging opportunity to use the Spanish language
in business communication. However, some students also noted the following negative
aspects: excessive complexity, unfamiliarity and insufficient knowledge of the Spanish
language for effective study.

It is important to note that this study has limitations. The study involved only one
experimental group of students. This is due to the fact that the proposed educational model
is very new; we have not found research that introduces the approved model into the
educational process. Thus, the result of the experiment was impossible to predict, which
carried risks for the effectiveness of the educational process.

An important difference between our study and other works listed in the literature
review is the simultaneous introduction of CLIL and the multilingual approach into one
educational model. Thus, the students studied the Spanish language and the professional
discipline (International Business), while using multilingualism and their mother tongue
(i.e., English and Spanish).

5. Conclusions

In connection with the tightening requirements for university graduates from the
business side, there are changes in programs and teaching methods in higher educational
institutions. The graduate must have a whole pool of professional competencies, knowl-
edge and skills. In addition, the modernized education of the 21st century is based on
humanism and openness towards the outside world. Multilingual education focused on
the harmonization of different cultural spaces is a necessary part of a modern vision of the
world. There is a gradual introduction of the student to a fully-fledged existence in the
conditions of a modern multilingual and heterogeneous society (including the world of
modern communications, social networks, e-mail, etc.)

Earlier studies [8,11,13,16,28] presented in the literature review indicate the feasibility
of using both subject-language integrated learning and multilingual learning. A distinctive
feature of our study was an attempt to combine these two increasingly popular types
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of education. It is also worth noting that the study was conducted in Russia, where
multilingual practices are not common.

Despite the growing popularity all over the world of CLIL, and its assignment by
the European Union, the status of one of the leading effective means of implementing
the international language policy of multilingualism, namely, the mechanisms and forms
of organizing such training, have not yet found proper understanding among some rep-
resentatives of teaching staff in Russian higher education, which is largely associated
with national characteristics and traditions. Nevertheless, in the globalizing world space,
CLIL didactics is becoming a promising area of higher education and an effective way of
acquiring and improving linguistic and communicative competencies, ensuring the further
successful professionalization of students and facilitating their career advancement in their
chosen field of activity.

In the current study, we assessed the efficiency of the learning model based on CLIL
methodology from the students’ perspective, as well as analyzing the impact of such a
model on students’ Spanish language improvement and professional discipline knowledge.

According to the results, students from the experimental group succeeded in Span-
ish language learning and scored highly in final testing on professional discipline (the
difference between the results of both groups—experimental and control—was not sig-
nificant). The results confirmed the efficiency of the proposed learning model for both
foreign language and professional discipline learning. The survey on the efficiency of the
learning model from students’ perspective also showed positive results. Students assessed
the learning model as more beneficial and prosperous as it has many advantages, develops
multilingual competence and provides them with different learning styles.
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