
Citation: Lampropoulos, G.;

Sidiropoulos, A. Impact of

Gamification on Students’ Learning

Outcomes and Academic

Performance: A Longitudinal Study

Comparing Online, Traditional, and

Gamified Learning. Educ. Sci. 2024, 14,

367. https://doi.org/10.3390/

educsci14040367

Academic Editor: Zhonggen Yu

Received: 27 February 2024

Revised: 25 March 2024

Accepted: 26 March 2024

Published: 1 April 2024

Copyright: © 2024 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

education 
sciences

Article

Impact of Gamification on Students’ Learning Outcomes and
Academic Performance: A Longitudinal Study Comparing
Online, Traditional, and Gamified Learning
Georgios Lampropoulos 1,* and Antonis Sidiropoulos 2

1 Department of Applied Informatics, University of Macedonia, 54636 Thessaloniki, Greece
2 Department of Information and Electronic Engineering, International Hellenic University,

57400 Sindos, Greece; asidirop@ihu.gr
* Correspondence: lamprop.geo@gmail.com

Abstract: This study aims to examine the influence of gamification in students’ learning outcomes
and academic performance. A longitudinal study was conducted to compare students’ academic
performance in online learning (2020–2021), traditional learning (2021–2022), and gamified learning
(2022–2023). The longitudinal study lasted 3 years and a total of 1001 higher education students
were involved. Three research questions were set to be explored and students’ viewpoints and
experiences were also examined through a questionnaire of 20 questions. This study follows a
quantitative research approach. The data refers to students’ academic performance, success rate,
excellence rate, withdrawal rate, engagement, motivation, and perspectives. In the laboratory part of
the course, gamified learning yielded better outcomes over online learning and traditional learning
in success rate (39% and 13%), excellence rate (130% and 23%), average grade (24% and 11%), and
retention rate (42% and 36%) respectively. In the theoretical part of the course, gamified learning
resulted in better outcomes over online learning and traditional learning in success rate (19% and
14%), in excellence rate (125% and 79%), and in average grade (25% and 12%) respectively. In
the overall course, gamified learning yielded better outcomes over online learning and traditional
learning in success rate (14% and 14%), in excellence rate (122% and 70%), and in average grade
(25% and 17%) respectively. The highest increase was observed in students’ excellence rate. Students
highly regarded gamification as an effective educational approach that can increase their learning
outcomes, engagement, productivity, and motivation and trigger both their both intrinsic and extrinsic
motivation. The learning experience become more enjoyable and students’ basic needs in terms of
autonomy, competence and sufficiency, and relatedness and sense of belonging were met. Traditional
learning also resulted in better learning outcomes when compared to online learning. Gamification
emerged as an effective learning approach which leads to improved learning outcomes and academic
performance, learning motivation, engagement, and retention rate over online learning and traditional
learning in both theoretical and applied course settings.

Keywords: gamification; higher education; learning outcomes; learning achievements; academic
achievements; online learning; scoring algorithm; motivation; engagement; active learning

1. Introduction

In recent years, the educational domain has undergone several drastic changes that
have affected all educational stakeholders. Specifically, teaching and learning activities
had to transition to online learning during the COVID-19 pandemic and then revert to
face-to-face learning [1]. However, during this period, educational stakeholders’ skills and
knowledge have improved which led to the adoption and integration of new technologies,
methods, and approaches in classrooms which, in turn, brought about new opportunities
to transform and enrich the educational process [2,3].

Educ. Sci. 2024, 14, 367. https://doi.org/10.3390/educsci14040367 https://www.mdpi.com/journal/education

https://doi.org/10.3390/educsci14040367
https://doi.org/10.3390/educsci14040367
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/education
https://www.mdpi.com
https://orcid.org/0000-0002-5719-2125
https://orcid.org/0000-0002-3352-0868
https://doi.org/10.3390/educsci14040367
https://www.mdpi.com/journal/education
https://www.mdpi.com/article/10.3390/educsci14040367?type=check_update&version=1


Educ. Sci. 2024, 14, 367 2 of 28

In particular, besides all the negative implications that the COVID-19 pandemic
brought about, it also highlighted weaknesses, barriers, and limitations of the educa-
tional system [4], although online learning had already started being more widely adopted
and used [5]. To overcome the unprecedented circumstances that arose, teaching and
learning had to rapidly transition to fully online environments [6,7]. Online education,
also referred to as distance education, involves the use of digital technologies and devices
to provide ubiquitous educational experiences and enables educational stakeholders to
communicate and stay in touch even while in distance [8,9]. Hence, online education aims
at creating effective learning environments that promote students’ flexibility, responsibility,
and active participation without the direct and continuous supervision of teachers [6].
Despite the fact that some institutions were familiar with conducting well planned and
organized online lessons, in its entirety, this form of education was characterized as emer-
gency remote teaching and learning [10,11] due to the short-term and prompt changes to
educational activities that involved different technological solutions as a means to continue
the educational process across all educational levels [6,10].

Due to the potential that online learning brings to education [12–14], several studies
have examined the impact of online learning before, during, and after the pandemic [15–19].
The results of these studies varied since there are multiple aspects that can influence stu-
dents’ learning outcomes. However, all studies agreed that online learning can bring new
opportunities in teaching and learning. Moreover, these educational innovations have
brought about new pathways to explore toward achieving sustainability in the context
of education as well as quality education which are integral aspects of the sustainable
development goals set by the United Nations in the 2030 Agenda for Sustainable Develop-
ment which strives to achieve prosperity and peace for the environment and man kind [20].
The role of technology and innovation is vital in achieving the sustainable development
goals [21]. Hence, the efforts put into enriching and advancing education and into pursuing
educational innovation by all stakeholders should continue even after the pandemic.

Moreover, recent systematic literature review studies [2,11,22,23] that examined the
impact of the COVID-19 pandemic in education revealed that the education community
managed to adapt their practices, learn new skills, and improve their knowledge. As
a result, the post-COVID-19 education also disclosed several changes [24]. When the
educational process transitioned back to traditional learning, educators tried to integrate
their new practices and approaches in their face-to-face classrooms [25,26]. In the context of
this study, traditional learning or face-to-face learning refers to the educational experiences
in which both students and teachers are physically present in the same classroom, can
directly engage in teaching and learning activities, and can communicate and interact in
person [27,28].

Among the different approaches being adopted in education, gamification in particular
is gaining ground [29,30]. Gamification is an educational approach which utilizes game
mechanisms and elements and applies them in non-game related settings to actively engage
and motivate students [31–35]. Recent studies [36–39] have highlighted the potentials and
benefits that the adoption and integration of gamification can bring in various subjects and
across all educational levels. Having acquired a new skill-set, educators are actively trying
to find ways to effectively integrate gamification into their classes as it can transform and
enrich the educational process.

In all learning environments, learning motivation constitutes an integral part of stu-
dents’ learning experience, satisfaction, and performance [40]. Motivational theories, such
as the Flow theory [41] and Self-determination theory [42], go in more detail on how specific
attributes, such as autonomy, competence, relatedness, enjoyment, and engagement can
influence learning motivation. Additionally, studies have further examined how motivation
affects students’ performance in various contexts including traditional learning [43,44], on-
line learning [45,46], as well as gamified learning [47–49]. The results of these studies reveal
that learning motivation is a vital element in all learning environments as it contributes to
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effective learning and to achieving better learning outcomes. Hence, adopting approaches
and techniques that increase students’ learning motivation is encouraged.

Furthermore, recent studies have explored how students’ learning outcomes compare
between online learning and traditional learning before and during the pandemic or
during and after the pandemic [50–55]. As the settings between the two environments
differ and several factors can influence students’ learning performance, studies report
mixed results related to the effectiveness of the methods when they are compared. Due
to the potential benefits that the integration of gamification can bring in education, recent
studies [35,56–59] have also examined how it affects students’ learning performance and
motivation in computer science courses. Taking the complex nature of computer science
courses into account, the ability of gamification to enrich the educational process further
highlights its use as an effective learning approach. The role of gamification in online
learning environments has also been examined by some recent studies which resulted in
positive outcomes [60–62].

Based on the aforementioned, it is clear that several studies have been conducted
throughout the years which looked into the effects of online learning, face-to-face learning,
and gamified learning. However, these studies focus on examining a specific learning envi-
ronment and do not directly make comparisons between different learning environments
and how they can influence students’ learning outcomes. Additionally, to the best of our
knowledge, there has not been any longitudinal study that compares students’ learning
outcomes among these three learning environments. Therefore, there is a clear need to
examine how different learning environments affect students’ academic performance. This
is particularly true in more applied courses since they were the ones mostly affected by
these changes.

To address this gap in the existing literature, this study aims to examine how gamifi-
cation can impact students’ learning outcomes and academic performance in comparison
to traditional learning and online learning. Specifically, the results and outcomes of a
longitudinal study spanning 3 years from the academic year 2020-2021 to the academic
year 2022–2023 are presented. The first part (2020–2021) involves teaching and learning in
online learning environments during the COVID-19 pandemic, the second part (2021–2022)
involves traditional learning, and the third part (2022–2023) involves gamified learning.
To better understand the influence of gamification, the course selected to be used was
both technical and theoretical in the context of computer science in higher education. The
course involved both theoretical (lectures) and applied (laboratories) lessons, which were
separately examined and evaluated.

The main research questions (RQ) set to be examined were:

1. Which is the most effective approach among online learning, traditional learning, and
gamified learning in terms of learning performance?

2. How does the integration of gamification affect students’ learning performance?
3. How do students perceive the use of gamification in education?

The main contributions of this study can be defined as:

• A longitudinal examination of three different approaches and their impact on students’
learning outcomes.

• The definition of a scoring algorithm to be used in gamified learning settings.
• The examination of students’ viewpoints and attitudes toward adopting and integrat-

ing gamification in education.

2. Materials and Methods

This section goes over the main materials and methods used during this study. Specifi-
cally, the details of the course which the study focused on are presented, and the examina-
tion process is explained. Additionally, the settings applied in each year and approach are
detailed and the scoring algorithm created to be used in conjunction with gamification is
presented.
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2.1. Course Details

The course involves an introduction to the subject of “Operating Systems”, and its main
objective is the understanding of the general principles of Operating Systems through the
use and programming in UNIX. The course also aims at helping students examine and get
to know an operating system that was created for programmers as well as to understand the
philosophy that underlies an operating system “behind” graphical environments. During
the course, students have the opportunity to comprehend and explore the use of a shell and
how it interacts with the operating system. The course strives to help students understand
how an operating system works and how they can utilize it. During the course, students
have the opportunity to learn about the powerful tools a programmer has by using an
operating system shell. Finally, students familiarize themselves with the philosophy of: I
do complex actions by combining simple autonomous commands that communicate with
each other. More information about the course contents can be found on the course web
page [63].

2.2. Evaluation Process

The course consists of two parts, namely the theoretical and the laboratory parts,
which take place on a weekly basis. The laboratory part of the course includes a series
of laboratory exercise sets. The students try to solve the exercises at home after having
attended the theory lectures. A laboratory class is conducted in which each exercise set
is explained in more detail and additional examples and exercises are provided. Since
the capacity of the laboratories is limited, students are divided into groups/classes of
about twenty students. During these laboratory classes, students practice and have the
opportunity to solve their questions and any unsolved exercises and delve into more
difficult and complex exercises. Additionally, students are examined on the course material
from the previous exercise sets. During the second laboratory meeting (fourth week),
students are examined on Laboratory Test 1 (LT1) which covers the material of the first
exercise sets. In total, there are four laboratory tests (LT). The tests are performed by using
a web based application called OnLine Evaluation (OLE) which was developed specifically
for this course.

The OLE application offers the ability to the instructor to define scripts that generate
exercises. For example, one of the exercises is about the Unix file system and paths. The
instructor creates a script that generates a random file system. Then, random files are
selected, and the students are asked to type the paths for the aforementioned files. The
paths can be checked automatically whether they are correct or wrong. The instructor has
created a corresponding script that calculates the grade for each answer. The way the grade
is calculated depends on the type of question. For example, in a question asking for a file
path, the grade can be true or false, or alternatively, it can be analogous to the distance
from the correct path. The grading is calculated automatically for the first three LTs. The
students can see their grades during the LT, but they have a limited number of tries for
each exercise (e.g., three to ten) depending on the nature and difficulty of each exercise.
Finally, each LT has a time restriction.

The weight for each LT is based on the importance, complexity, and difficulty level.
The weights used during our experiment were: 0.12 for LT1, 0.18 for LT2, 0.20 for LT3
and 0.50 for LT4. In comparison to LT3 and LT4, LT1 and LT2 include easier exercises
that examine basic concepts. The first two tests are purposefully kept this way, to avoid
disappointing the students with the level of difficulty and complexity. The third LT is
of great difficulty and complexity, much higher in proportion to the previous two. This
is done to show students that completing the course needs more effort and dedication.
This is the reason why the weight percentage of LT3 was kept relatively low compared to
its difficulty level. Finally, LT4 is the final laboratory test, which includes all the course
material covered throughout the semester. As it combines concepts and requires knowledge
of all the educational material taught, LT4 is the most important test to define students’
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understanding. Because of the importance, difficulty, and complexity of LT4, the grading
for LT4 is manually done by the professors.

After completing the laboratory part of the course, students are examined on the
theoretical part. Their final grade is a weighted average of LT and theoretical examination
(TE). The weights are 1/3 for LT and 2/3 for TE.

2.3. Experiment Participants

The experiment process is divided into three phases, namely online learning, tradi-
tional learning, and gamified learning. The course is taught during the second year of the
undergraduate study program. The number of students in the course varies per year as it
depends on the number of currently active students, on the number of admitted students
at the department on the previous year, which is defined by the Ministry of Education,
and on the available resources. Therefore, although there are differences in the number of
students participating, measurements were taken, as explained further below, to ensure
that the same settings were applied for each phase of the experiment.

Furthermore, to ensure that the outcomes of the study will directly reflect students’
learning outcomes and academic performance, only the students who actively participated
in the course (e.g., those who took at least the first laboratory test) were counted and not
the total number of students who initially declared that they would attend this course but
chose not to in the end. More details regarding this fact are provided in the result analysis
section. Based on the aforementioned, a total of 421 students actively participated during
online learning, 331 students during traditional learning, and 249 students during gamified
learning. Therefore, throughout the three years that the experiment lasted, a total of 1001
higher education students from the Department of Information and Electronic Engineering,
International Hellenic University, Greece undertook this course and were involved in the
experiment.

2.4. Scoring Algorithm

This subsection goes over the scoring algorithm which was defined and developed
for the needs of the gamified learning. It should be mentioned that the score is different
from the grade for each LT. The grade is computed based on students’ last submission,
independently of the number of attempts they made. However, in a group, many students
will have a grade of 1 (=10/10). Hence, for the gamification process, there was a need to
distinguish between these cases. This was the reason why the number of tries/submissions
was also taken into account. Therefore, given a set of laboratory tests LT = {LT1, LT2, ...}.
Each LT l consists of a set of questions Q(l) (Equation (1)), and for each question, there is
a weight wi. The weights vector is W(l) (Equation (2)). Additionally, for each question,
the maximum number of tries is defined as ti while T(l) (Equation (3)) is the set with the
maximum number of tries for the LT l:

Q(l) = {q1, q2, . . . , qn} (1)

W(l) = {w1, w2, . . . , wn}, ∑
∀e∈LT(l)

wl = 1 (2)

T(l) = {t1, t2, . . . , tn} (3)

The set of students is defined as S = {s1, s2, . . . .}. For each student s and for each
question q, there is a grade g(s, q) ∈ [0–1]. In addition, g(s, q) = null if and only if the
student did not try to answer the specific question at all.

The grade g(s, l) of a student s for a laboratory test l ∈ LT is computed as follows:

g(s, l) = ∑
q∈Q(l)

g(s, q) ∗ wq if ∃g(s, q)! = null (4)

g(s, l) = null i f g(s, q) = null ∀q ∈ Q(l) (5)
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The grade of a student is null if they have not submitted any answers for the specific
LT. This can be interpreted as their not taking part in the specific LT. Given the student’s
s grade for a question q and the maximum number of possible tries tq for the specific
question, a score R(s, l) is defined as follows:

R(s, l) = ∑
q∈Q(l)

(
g(s, q) ∗ wq ∗

(
(1 − k) + k ∗

tq − t(s, q)
tq − 1

))
(6)

In Equation (6), k represents the tries factor. If k is set to 0, then R(s, l) = g(s, l) will
hold. For the purposes of this study, we set k = 0.5. Having a k of 0.5, the score R will be
equal to g if and only if the student makes only one try per exercise. On the other hand,
if the student used the maximum number of tries for all the exercises, their score R will be
0.5 g. Hence, R will have values between [0 . . . 1], with the case of 1 to be almost impossible,
since this corresponds to a student that got excellent (g = 1 = 10/10) in all exercises with
only one try for each question.

Furthermore, to incorporate the difficulty of each LT into the grading system, the PR
(percentile rank) for each student was defined. Given that S = {s1, s2, . . . .} is the set of
students and S(l) is the set of students that participated in LT l, we define CF(s, l) in range
1 ≤ CF(s, l) ≤ |S(l)| as the number of students b with R(b, l) ≤ R(s, l) including student s.
Based on CF, the PR (percentile rank) is defined as:

PR(s, l) =
CF(s, l)
|S(l)| (7)

According to the aforementioned, it is obvious that 0 < PR(s, e) ≤ 1. PR will be equal
to 1 for students that scored the maximum R in a group for an LT.

Given the real score R and the percentile rank PR, the final game score C(s, l) for the
student s in the laboratory test l is defined as:

C(s, l) =
PR(s, l) + R(s, l)

2
(8)

2.5. Gamification Elements

Following the findings of recent studies [64–67] that highlighted the most widely
used gamification elements in educational settings and given the nature of the course and
the environment, specific gamification elements were selected. In particular, this study
involved the use of leaderboards, badges, scores, points, and nicknames. These elements
were present in the course platform and the examination/evaluation system and played
an active role during both theoretical and laboratory lessons. The rewards associated with
the integration of gamification elements and students performance on the laboratory tests
were both at every single class level and at a level including all classes as a whole. In this
way, students were encouraged and motivated to perform better not only in comparison
with their peer classmates but also with all peer students that undertook the course. The
results announced to students indicated their grades based solely on their performance
while their gamification ranking involved the elements specified in the scoring algorithm.
The unified and shared among all classes leaderboard and the leaderboards for each class
were available to all students. However, students’ randomly generated nicknames were
used instead of their real ones. Each student could see their nicknames when they logged
into the course platform. Based on their ranking, students received different badges which
appeared on the leaderboards and on the course platform until the next examinations.

2.6. Main Variables

In the context of this longitudinal study, students’ learning outcomes, viewpoints, and
experiences assessed following a quantitative approach and incorporating a descriptive
data analysis. Specifically, using the questionnaire presented in the next subsection which
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consists of Likert-scale and closed-questions, the integration of gamification was evaluated
focusing on students’ viewpoints, learning motivation, basic needs, potential benefits, and
future use of gamification.

Furthermore, during the three phases of the study, data related to students’ grades,
excellence rate, success rate, and withdrawal/retention rate was collected. This data was
collected for the laboratory and theoretical parts of the course as well as of the overall
course in all three learning environments examined, that is online, traditional, and gamified
learning. The process of how students’ grades were calculated was previously explained.
However, it is worth noting that grades above 8/10 are regarded as excellent and that
bonus grades received through the gamified learning approach were not taken into account.
Hence, excellence rate refers to the number of students whose grade in each environment
was equal to or greater than eight (8) out of ten (10). Additionally, success rate refers to
students’ meeting the requirements to pass the course (both laboratory and theoretical
parts). However, students’ success rate of LT1 was also examined. Finally, students’ with-
drawal/retention rate refers to students’ either actively participating in all examinations
and parts of the course throughout the semester or withdrawing from it in the semester.

2.7. Students’ Viewpoints and Experiences Questionnaire

To examine students’ experience and viewpoints regarding the adoption and integra-
tion of gamification in education, an ad hoc questionnaire was developed. The question-
naire used 5-point Likert-scale (1 = Strongly disagree . . . 5 = Strongly agree) questions as
well as closed-questions and contained 20 questions about the following five categories:

1. Category 1: Students’ viewpoints regarding the integration of gamification in educa-
tion;

2. Category 2: Students’ learning motivation;
3. Category 3: Students’ basic needs;
4. Category 4: Students’ viewpoints regarding the benefits of integrating gamification in

the specific course;
5. Category 5: Students’ perspectives regarding the future use of gamification in educa-

tion.

The five categories, along with all their related questions and items, are presented be-
low:

1. Category 1 involved 9 items and students had to answer the following questions using
a 1–5 Likert-scale: “Having experienced the application of gamification in education,
do you believe that it can . . . ”:

• increase the effectiveness of the educational process?
• improve academic performance and learning outcomes?
• promote motivation for learning?
• promote active participation and engagement?
• increase learning productivity?
• offer more enjoyable learning experiences?
• reinforce focus on the achievement of educational goals?
• create a competitive environment?
• cause negative feelings due to competition involved?

2. Category 2 involved 1 item and students had to answer the question, “Having experi-
enced the application of gamification in education, which motivations do you believe
it mostly promoted?” selecting one of the following responses:

• No motivation
• Intrinsic motivation only
• Extrinsic motivation only
• Both intrinsic and extrinsic motivation
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3. Category 3 involved 3 items and students had to answer the following questions using
a 1–5 Likert-scale: “Having experienced the application of gamification in education,
do you believe that its use in educational settings can promote . . . ”

• autonomy
• competence and sufficiency
• relatedness-a sense of belonging

4. Category 4 involved 4 items and students had to answer the following questions using
a 1–5 Likert-scale: “Having experienced the application of gamification in education,
do you believe that its use in the educational process can . . . ”

• offer educational benefits?
• render the educational process more interesting?
• promote learning motivation for success and intense effort through its reward

systems?
• create learning environments which have students in their core?

5. Category 5 involved 3 items and students had to answer the following questions using
a 1–5 Likert-scale: “Having experienced the application of gamification in education,
do you believe that gamification . . . ”

• should be used again in this course?
• should be applied in other courses as well?
• can enrich higher education?

3. Research Design-Experiment Process

The initial goal was to create an educational platform for the course and an examination-
evaluation system to assess its effectiveness and how it could have been further improved
to offer lessons of higher quality. Hence, during the conceptualization phase (2019–2020),
efforts were put to create educational material for both the theoretical and applied part of
the course. It is worth mentioning that even prior to the pandemic, the course material was
already available in online form to cope with distance education requirements; thus, even
then the educational material had to be suitable for both traditional and online learning.
Video lectures were also created to assist students throughout the course.

An interactive educational platform was developed for the specific course. On this
platform, students had access to all the required material, specifications of the course,
indicative exercises and examples, slides, and video lectures throughout the semester. The
course-related material was only accessible to registered students. Furthermore, due to
the technical and hands-on nature of the course, an examination-evaluation system was
created. The scope of this system was to create semi-randomized questions at the same
level of difficulty as well as providing students with feedback and grading in real-time.
As it was planned to launch this experiment during the spring semester of the academic
year 2020–2021, a pilot study, regarding the usability of the developed educational material,
platform, and system, was conducted with students who had already taken the course.
Students’ feedback was taken into account to make further adjustments.

However, the unprecedented circumstances that were caused by the COVID-19 pan-
demic led to a rapid transition to fully online learning. At this point, it was assessed that
besides the several negative aspects, it could have been beneficial to assess the performance
of the proposed approach as well as students’ learning outcomes in online learning envi-
ronments to compare them with those deriving from different learning environments in the
future. Hence, during the fall semester of 2020-2021, the prerequisites for the experiment
presented in this study were set. The experiment was separated into three phases one for
each different learning environment and approach. Phase 1 (2020–2021) involved teaching
and learning in online learning environments, Phase 2 (2021–2022) involved teaching and
learning in traditional face-to-face learning environments, and Phase 3 (2022–2022) involved
teaching and learning in gamified learning environments. Hence, this longitudinal study
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lasted for three years. The detailed methodology is presented in Figure 1 and explained in
the following subsections.

Phase 3 (2022–2023) 
Gamified learning

Phase 1 (2020–2021) 
Online learning

Phase 2 (2021–2022) 
Traditional learning

Phase 0 (2019–2020) 

Conceptualization – Preparation 

Transition to online learning during the COVID-19 pandemic since the course is
taught in the spring semester. 
Further improvements on the course educational platform.
Further development of the examination-evaluation system to ensure integrity
during online examination. As an extra measure, students also had to
constantly share their screen during the examination. The shared screens were
accessible only to the professors and not to other students.
Online theoretical lessons.
Online laboratory lessons in groups of up to 22 students.
Online examinations. During the semester, three laboratory tests took place on
a biweekly basis starting from week 4, that is weeks 4, 6, and 8, which were
evaluated automatically in real time through the examination-evaluation system
developed.
Revision lesson (week 11).
The final laboratory examination took place on the last week of the course
(week 12) and was assessed by professors.
The final theoretical examination took place some weeks later during the
institutional examination period (weeks 14–16) and was also assessed by
professors.

Initial conceptualization. 
Educational material creation (suitable for both online and
traditional learning, since the course was also offered online prior
to the COVID-19 pandemic).
Video-lectures (The same video-lectures were used for all 3 years
to prevent them from being a factor that might influence the
outcomes).
Development of the educational platform for the course including
all the specifications of the course (structure, topics, grading,
examination process, etc.), slides, indicative exercises, video
lectures, etc.  
Development of the examination-evaluation system.
Pilot study with students who had already taken the course.

Transition to traditional learning. 
Further improvements on the course educational platform.
Further adjustments to the examination-evaluation system to account for the
change in the educational environment.
Face-to-face theoretical lessons.
Face-to-face laboratory lessons in groups of up to 22 students.
Face-to-face examinations. During the semester, three laboratory tests took
place on a biweekly basis starting from week 4, that is weeks 4, 6, and 8,
which were evaluated automatically in real time through the examination-
evaluation system developed.
Revision lesson (week 11).
The final laboratory examination took place on the last week of the course
(week 12) and was assessed by professors. 
The final theoretical examination took place some weeks later during the
institutional examination period (weeks 14–16) and was also assessed by
professors.

Transition to gamified learning. 
Further improvements on the course educational platform to
integrate gamification elements (e.g., leaderboards, badges, points,
nicknames, etc.).
Development of the scoring algorithm.
Further adjustments to the examination-evaluation system to account
for the adoption of gamification elements and parameters used in the
ranking algorithm.
Gamified theoretical lessons.
Gamified laboratory lessons in groups of up to 22 students.
The use of gamification in the educational process, the details, and
rules were announced to students during week 2.
Gamified examinations. During the semester, three laboratory tests
took place on a biweekly basis starting from week 4, that is weeks 4,
6, and 8, which were evaluated automatically in real time through the
examination-evaluation system developed.
Revision lesson (week 11).
The lesson of week 11 was used as a revision The final laboratory
examination took place on the last week of the course (week 12) and
was assessed by professors. 
The final theoretical examination took place some weeks later during
the institutional examination period (weeks 14–16) and was also
assessed by professors.
Questionnaire completion by students before announcing the final
grades.

Figure 1. Research design—Phases of the experiment process.

3.1. Phase 1 (2020–2021)—Online Learning

This phase involved the transition to online learning during the spring semester of
2020–2021. Specifically, further improvements and modifications to the course educational
platform and the examination-evaluation system were made to address teaching and learn-
ing in remote online circumstances but without their core being changed. Appropriate
measures were taken to ensure integrity during online examination. For example, besides
the changes to the system, students were also required to share their screen during exami-
nations. Students’ shared screens were only accessible to professors during the examination
and not to other participants. This was made possible by having students undertake the
examination in customized virtual environments. Moreover, theoretical lessons and labo-
ratory lessons ran smoothly in online environments. Although it was possible to include
many students in each virtual classroom, laboratory classes had a maximum of 22 students
to achieve better learning outcomes. Therefore, multiple classes were created.

Given the examination specifications provided earlier, three laboratory tests took place
on a biweekly basis starting from week 4. Hence, laboratory test 1 took place during week
4, laboratory test 2 was conducted in week 6, and laboratory test 3 took place during
week 6. For these three laboratory tests, students’ responses were automatically corrected
through the examination-evaluation system. Week 11 was used as a revision week for all
classes. On week 12, after the revision, the final laboratory examination was carried out.
Besides it being more difficult and requiring skills and knowledge from all sections of the
course, this time students’ responses were evaluated by professors. The final theoretical
examination took place during the institutional examination period (weeks 14–16) and was
also evaluated by professors.
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3.2. Phase 2 (2021–2022)—Traditional Learning

This phase involved the transition to face-to-face learning after the COVID-19 pan-
demic during the spring semester of 2021–2022. To address the change in the learning
environment, slight adjustments and improvements were made on the course educational
platform and examination-evaluation system, once again, without their core being changed.
Both theoretical and laboratory lessons were taken in a face-to-face manner. Laboratory
classes consisted of up to 22 students. The examination process was kept similar.

Specifically, three laboratory tests took place on a biweekly basis starting from week
4. Hence, laboratory test 1 took place during week 4, laboratory test 2 was conducted
in week 6, and laboratory test 3 took place during week 6. For these three laboratory
tests, students’ responses were automatically corrected through the examination-evaluation
system. Week 11 was used as a revision week for all classes. On week 12, after the revision,
the final laboratory examination was carried out. Besides it being more difficult and
requiring skills and knowledge from all sections of the course, this time students’ responses
were evaluated by professors. The final theoretical examination took place during the
institutional examination period (weeks 14–16) and was also evaluated by professors.

3.3. Phase 3 (2022–2023)—Gamified Learning

This phase involved the transition to gamified learning during the spring semester of
2022–2023. To address the change in the learning approach, the course educational platform
was further enriched to handle gamification elements, such as leaderboards, points, badges,
nicknames, etc. Additionally, a scoring algorithm (Equation 8) was developed which took
into account several aspects. Hence, the examination-evaluation system was modified to
also account for the adoption of gamification elements and parameters which are used in
the scoring algorithm. Both theoretical and laboratory lessons were taken in a face-to-face
manner but, this time, gamification elements were also included. Laboratory classes, in
which the use of gamification was easier to materialize, consisted of up to 22 students.

On week 2 it was announced to students that the gamification approach would be
used and all the requirements, specifications, and rules were provided. The examination
process was, once again, kept similar as the addition of gamification elements did not
directly affect the conduct of each examination. Specifically, three laboratory tests took
place on a biweekly basis starting from week 4. Hence, laboratory test 1 took place during
week 4, laboratory test 2 was conducted in week 6, and laboratory test 3 took place during
week 6. For these three laboratory tests, students’ responses were automatically corrected
through the examination-evaluation system. A day after each examination was completed,
the leaderboards which used nicknames instead of students’ real names were updated and
students were informed. Week 11 was used as a revision week for all classes. On week
12, after the revision, the final laboratory examination was carried out. Besides it being
more difficult and requiring skills and knowledge from all sections of the course, this time
students’ responses were evaluated by professors.

The final theoretical examination took place during the institutional examination
period (weeks 14–16) and was also evaluated by professors. After the completion of both
final exams (theoretical and laboratory) and before announcing students’ final grades for
each part as well as their final course grade, students were asked to complete a question-
naire regarding their experience and viewpoints about the integration of gamification in
education.

Besides the presentation of the three phases, there are additional aspects that should
be considered. Specifically, several actions were taken to ensure further credibility and
validity of the results. The course material remained the same throughout the three years
and so did the structure of the examinations. However, the questions of the examinations
were different but of the same nature. Students of all three phases were aware of the whole
process and structure of the course. Hence, all students participated in the course on an
equal ground. Additionally, the two professors teaching the course remained the same and
followed the same methods of teaching for all three phases. In this way, the influence of
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having different individuals teaching the course was eliminated. The core of the course
educational platform and the examination-evaluation system remained the same with only
minor adjustments and improvements being made to account for the change in the learning
environment. By doing so, the platform and system themselves could not have affected the
learning outcomes.

Moreover, the results presented refer only to students who took the course for the
first time. This fact ensured that students who had previous experience with the course
did not affect the outcome, as the performance of these students was not included in the
examination or the results. The equipment and software used during the course were the
same for the traditional and gamified learning. Hence, factors related to hardware and
software aspects could also not influence the outcomes

Based on the aforementioned, the only thing that changed during the three phases
was the learning environment and approach used. Due to this fact, the results of this study
can be directly attributed to the effectiveness of online learning, traditional face-to-face
learning, and gamified learning. Finally, it must be mentioned that all the results and grades
displayed and analyzed are based on students’ exact performance and grades received in
the examinations. Bonus grades received through the gamified learning approach were
not considered as they would not realistically represent students’ outcomes and the impact
of the gamification approach. Hence, the decision to only include students’ examination
grades was taken to provide more objective results.

4. Result Analysis
4.1. Students’ Learning Achievements and Outcomes Comparison

This subsection goes over the result analysis of students’ learning outcomes and
academic performance. Due to the nature of the data and it involving students’ academic
performance, success rate, excellence rate, withdrawal rate, engagement, motivation, and
perspectives, this study follows a quantitative approach. In Table 1, statistical information
is presented. The number of course registration is always the biggest number of all. There
are a lot of students that just click the button of the online registration system since there
are no drawbacks. Students are registered even if they do not intend to attend the course.
The second line in Table 1 is the number of registrations in the laboratory part of the course.
During the laboratory registration, students are registered to a class with fixed days and
times within the week. However, even in the laboratory part of the course, a student
can register and not attend without any consequences. The number of LT1 participants
shows the real number of students that started to attend the laboratory part of the course.
Therefore, the number of LT1 participants will be used as the baseline for the percentage
calculation in the following cases.

In Greek universities, it is common for students to withdraw from a course during
the semester, even though they initially intended to attend it. This situation is usually
represented by a null or zero grade, as the withdrawal is not official but informal. This
phenomenon is because students do not face any consequences, neither academic nor
financial, when withdrawing from a course during the semester. According to Table 1, it is
clear that students are withdrawing throughout the semester. Finally, about 80% of students
who started the laboratory part of the course completed it by participating in LT4 which is
the final LT. In the last column, it is observed that the withdrawal percentage decreased to
15% from about 20% that was during the traditional and online learning periods.

After completing the laboratory part of the course successfully, students take the
written examination on the theoretical part. Successful laboratory completion means that
students’ average LT grade is greater than or equal to 4. It can be observed in Table 1
that the success rate of 50% for the online learning period increased to 63% during the
traditional way of learning and finally increased to 71% for gamified learning. In Table 2,
the detailed grade distribution is presented. It must be mentioned that all grades were
rounded down to generate distinct values. Based on the graphical representation of the
distributions, it is evident that there is a transposition of the curves to higher grades.
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Table 1. Course Statistical information.

Online Learning Traditional Learning Gamified Learning
2020–21 2021–22 2022–23

Course Registrations 510 399 357
Laboratory Registrations 505 395 301
LT1 Participants 421 100% 331 100% 249 100%
LT2 Participants 399 95% 313 95% 234 94%
LT3 Participants 373 89% 288 87% 222 89%
LT4 Participants 332 79% 264 80% 212 85%
Students withdrew from Lab 89 21% 67 20% 37 15%
Laboratory Success 211 50% 209 63% 178 71%
Theory Exam Participants 148 218 185
Theory Exam Success 116 78% 171 78% 166 90%
Course Success 116 78% 171 78% 166 90%
Course Success relative to LT1 28% 52% 67%

Laboratory Average Grade 4.2 4.7 5.3
Theory Average Grade 5.0 5.5 6.6
Course Average Grade 5.6 6.0 7.0

Table 2. Laboratory grade distribution.

Method\Grade 1 2 3 4 5 6 7 8 9 10 Succ. Excel.

Online Learning 21% 10% 18% 16% 15% 9% 4% 3% 3% 1% 51% 7%
Traditional Learning 20% 5% 11% 24% 10% 11% 5% 5% 5% 2% 63% 13%
Gamified Learning 13% 7% 9% 16% 18% 11% 10% 8% 4% 3% 71% 16%

In Figures 2–4, the (a) subfigures plot the distribution of grades for each LT and the (b)
subfigures plot the cumulative distribution are presented. Axis y corresponds to the number
of students and axis x to the grades rounded to the smaller integer. The distributions have
similar shapes for all periods because it was made sure that LT in all three years will be
different in terms of questions but similar in terms of difficulty and complexity.

• LT1 and LT2 have similar distributions for all periods. The difference is that in gamified
learning the number of students graded by 10 in LT2 increased, although LT2 is slightly
more difficult than LT1. This means that the students focused on and pursued to gain
an excellence grade and to improve their knowledge and skills.

• In the cumulative distribution graphs, the curves distance on the final point (zero)
indicates the withdrawal rate during the semester. This distance is decreasing from
online learning to gamified learning. Therefore, it can be inferred that during gamified
learning fewer students withdrew from the course.

• The majority of grades in LT1 during all periods are located on 9–10 area.
• The number of students graded by 0/10 to 0.99/10 in LT1 is analogous and indicates

the number of withdrawals at LT4. Values for LT1 at 0 are 65%, 33%, and 26% for
online, traditional, and gamified learning respectively. Withdrawal rate (LT1–LT4
participants) is 89%, 67%, and 37% for online, traditional, and gamified learning
respectively (Table 1).

• There are a lot of students at 0/10–1/10 for LT4 during online learning (Figure 2. This
number decreased during traditional learning (Figure 3) and became extremely low
during gamified learning (Figure 4). This fact highlights the potential of gamification
to promote students’ learning motivation, engagement, and retention.
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Figure 2. Laboratory Test Results during Online Learning (2020–2021). (a) Distribution; (b) Cumula-
tive Distribution.
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Figure 3. Laboratory Test Results during Traditional Learning (2021–2022). (a) Distribution;
(b) Cumulative Distribution.
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Figure 4. Laboratory Test Results during Gamified Learning (2022–2023). (a) Distribution;
(b) Cumulative Distribution.

In Figure 5, the final laboratory grade distribution is presented and in Table 2 the
corresponding values are depicted. Based on the results, it is evident that gamification not
only improved the overall success rate (up to 71%) but also contributed significantly to the
improvement of the excellence rate, that is grades above 8/10. The excellence rate is shown
in the last column in Table 2.
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Figure 5. Laboratory grade distribution.

Although the gamification approach was mostly applied only to the laboratory part
of the course, it also helped students obtain a better understanding of the course contents.
This is evident when looking at the results of Figure 6 in which the distribution of grades
for only the theoretical part of the course is presented.
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Figure 6. Theory grade distribution.

Table 3 presents the theory grade distribution in detail. Once again, an impressive
improvement in the success rate (90% from 78%) is observed. The most significant outcome
is the improvement in the excellence rate (grades ≥ 8/10) which becomes two to three
times higher than the traditional and online periods. This fact further proves the benefits
yielded by gamification in terms of knowledge acquisition and concept understanding.

Table 3. Theory grade distribution.

Method\Grades 0 1 2 3 4 5 6 7 8 9 10 Succ. Excel.

Online Learning 5% 9% 8% 0% 16% 19% 12% 10% 5% 7% 5% 78% 18%
Traditional Learning 2% 9% 10% 0% 9% 15% 18% 14% 8% 8% 7% 78% 23%
Gamified Learning 1% 2% 7% 0% 11% 9% 15% 14% 14% 14% 14% 90% 41%

Figure 7 illustrates the distribution of the final course grades while Table 4 provides
a more detailed view of the final course grade distribution. It can be observed that the
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success rate increased to 90% for gamified learning. Moreover, the excellence rate improved
from 18% to 24% during traditional learning and increased to 41% during gamified learn-
ing. A significant increase of 127% was noticed when comparing gamified learning to
online learning.

Table 4. Final grade distribution.

Method\Grade 0 1 2 3 4 5 6 7 8 9 10 Succ. Excel.

Online Learning 0% 7% 12% 5% 0% 26% 18% 14% 12% 3% 3% 78% 18%
Traditional Learning 0% 4% 13% 2% 2% 19% 21% 14% 9% 10% 5% 78% 24%
Gamified Learning 0% 2% 6% 0% 0% 14% 16% 17% 19% 12% 9% 90% 41%
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Figure 7. Final grade distribution.

4.2. Students’ Experience and Viewpoint Analysis

After the completion of the laboratory and theoretical examinations, students were
asked to complete an anonymous questionnaire which focused on their perspectives and
experiences. Only students who participated in both parts of the course were allowed to
complete the questionnaire and to ensure that, students had to first log in to the course
educational platform using their institutional account as they did throughout the semester
and select the link to the web-based questionnaire. Their logging in the system was regarded
as their agreement to participate. The completion of the questionnaire was voluntary and
participants could withdraw at any time. No information that could identify an individual
was required. The only demographic information required was the participants’ gender
and age which, on their own, are not enough to identify them. Hence, the anonymity of the
participants was ensured.

Of the students who voluntarily participated, 185 answered all the questions of the
questionnaire and their responses are examined and presented in this study. The 185 higher
education students had an average age of 21.4 years old. The age is representative of
the semester that students can take this course for the first time. Out of the participants,
158 were male students (85.4%) and 27 were female students (14.6%). The distribution is
representative of the student population present at the specific department.

The ad-hoc questionnaire used focused on students’ experience and perspectives and
consisted of 19 questions that used a 5-point Likert-scale (1: Strongly disagree . . . 5: Strongly
agree) and a closed-ended question. Following the reliability analysis, the 5-point Likert
scale questions (19-items) resulted in a Cronbach’s Alpha value of 0.907. This fact highlights
the reliability and internal consistency of the questions used. The questions were grouped
into the following five categories:
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4.2.1. Students’ Viewpoints Regarding the Integration of Gamification in Education

Having experienced the use of gamification throughout the semester, the vast majority
of students highly regarded its potentials to enrich the educational process. Specifically, they
assessed that when following a student-centered approach, gamification can increase the
effectiveness of the educational process (80.54%), improve learning productivity (81.62%),
and offer more enjoyable learning experiences (65.41%). Moreover, students considered
gamification to be an educational approach that can promote motivation for learning
(83.78%) as well as active participation and engagement (81.08%) while also offering a more
enjoyable learning experience (65.41%). Additionally, students quoted that through the
use of gamification, their focus on the achievement of educational goals was reinforced
(75.68%). Students also considered that the use of gamification elements can result in the
creation of a competitive environment (58.38%). However, this competitive environment is
neither characterized by negative feelings nor causing them (47.57%). Instead, it allows
students to stay more focused and motivated to perform better. Students’ related responses
are presented in detail in Figure 8 and in Table 5.

Figure 8. Students’ viewpoints regarding the integration of gamification in education.

Table 5. Students’ viewpoints regarding the integration of gamification in education.

Having Experienced the Application of Gam-
ification in Education, Do You Believe That It
Can . . .

Strongly Disagree Disagree Neutral Agree Strongly Agree

Freq. Perc. Freq. Perc. Freq. Perc. Freq. Perc. Freq. Perc.

increase the effectiveness of the educational
process?

1 0.54% 3 1.62% 32 17.30% 99 53.51% 50 27.03%

improve academic performance and learning
outcomes?

1 0.54% 3 1.62% 27 14.59% 98 52.97% 56 30.27%

promote motivation for learning? 1 0.54% 5 2.70% 24 12.97% 88 47.57% 67 36.22%
promote active participation and engagement? 1 0.54% 5 29 15.68% 93 50.27% 57 30.81%
increase learning productivity? 1 0.54% 5 28 15.14% 102 55.14% 49 26.49%
offer more enjoyable learning experiences? 4 2.16% 12 6.49% 48 25.95% 72 38.92% 49 26.49%
reinforce focus on the achievement of educa-
tional goals?

1 0.54% 7 3.78% 37 20.00% 93 50.27% 47 25.41%

create a competitive environment? 6 3.24% 30 16.22% 41 22.16% 67 36.22% 41 22.16%
cause negative feelings due to competition in-
volved?

24 12.97% 64 34.59% 44 23.78% 39 21.08% 14 7.57%

4.2.2. Students’ Learning Motivation

In the context of educational intervention, it is important to analyze learning moti-
vation. Based on students’ responses, the integration of gamification in the educational
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process mostly promoted their intrinsic and extrinsic motivation (45.41%) followed by only
promoting their intrinsic motivation (33.51%). Few students (15.68%) assessed that only
their extrinsic motivation was promoted. Only 10 students quoted that this approach did
not promote any learning motivation. Nonetheless, it is important to note that despite stu-
dents being rewarded with extra credits depending on their performance, the vast majority
of students assessed that gamification promoted intrinsic motivation more than extrinsic
motivation. This fact highlights the potential of gamification to be used as an effective
pedagogical approach. Figure 9 summarizes students’ responses concerning which learning
motivation they felt was mostly promoted.

Figure 9. Students’ learning motivation.

4.2.3. Students’ Basic Needs

Self-determination theory is strongly connected to the domain of education. Hence,
when adopting new approaches or integrating new tools in teaching and learning, it
is important to examine whether students basic needs, that is autonomy, competence,
and relatedness, are met. Based on the results presented in Figure 10 and in Table 6, it
can be inferred that students mostly expressed a positive or neutral opinion regarding
the potential of gamification to promote autonomy and relatedness. However, the vast
majority of students quoted that gamification can promote and improve their sufficiency
and competence (81.62%). These results highlight the potential of gamification to meet
students’ basic needs when appropriately integrated in the educational process.

Table 6. Students’ basic needs.

Having Experienced the Application of
Gamification in Education, Do You Believe
That Its Use in Educational Settings Can
Promote . . .

Strongly Disagree Disagree Neutral Agree Strongly Agree

Freq. Perc. Freq. Perc. Freq. Perc. Freq. Perc. Freq. Perc.

autonomy 2 1.08% 14 7.57% 77 41.62% 75 40.54% 17 9.19%
competence and sufficiency? 2 1.08% 4 2.16% 28 15.14% 109 58.92% 42 22.70%
relatedness—a sense of belonging 8 4.32% 26 14.05% 76 41.08% 61 32.97% 14 7.57%
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Figure 10. Students’ basic needs.

4.2.4. Students’ Viewpoints Regarding the Benefits of Integrating Gamification in the
Specific Course

Students were also asked about their opinions regarding the benefits that the integra-
tion of gamification brought about in the specific course. Based on the results presented in
Figure 11 and in Table 7, the vast majority of students (76.22%) assessed that gamification
yielded several educational benefits while simultaneously rendering the educational pro-
cess more interesting (74.59%). Moreover, they quoted that a student-centered environment
was created (64.32%) and that this approach enabled them to be more motivated to achieve
greater learning outcomes and to make intense efforts (78.38%).

Figure 11. Students’ viewpoints regarding the benefits of integrating gamification in the spe-
cific course.
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Table 7. Students’ viewpoints regarding the benefits of integrating gamification into the spe-
cific course.

Having Experienced the Application of
Gamification in Education, Do You Believe
That Its Use in the Educational Process Can
. . .

Strongly Disagree Disagree Neutral Agree Strongly Agree

Freq. Perc. Freq. Perc. Freq. Perc. Freq. Perc. Freq. Perc.

offer educational benefits? 1 0.54% 4 2.16% 39 21.08% 99 53.51% 42 22.70%
render the educational process more interest-
ing?

2 1.08% 6 3.24% 39 21.08% 88 47.57% 50 27.03%

promote learning motivation for success and
intense effort through its reward systems?

1 0.54% 7 3.78% 32 17.30% 98 52.97% 47 25.41%

create learning environments which have stu-
dents in their core?

1 1.08% 5 4.86% 29 29.73% 93 48.65% 57 15.68%

4.2.5. Students’ Perspectives Regarding the Future Use of Gamification in Education

The last part of the questionnaire was related to students’ perspectives on the future use
of gamification in education after having experienced a semester of gamified learning. The
related results are presented in Figure 12 and in Table 8. Specifically, as shown from the rest
of the results, students were fond of the integration of gamification and positively assessed
it. This is also proved by the fact that the significant majority of students recommended the
course should be taught in a gamified manner again in the future (85.95%) and suggested
that other courses should also adopt similar approaches (82.16%). All in all, students highly
valued gamification and regarded it as an approach that can significantly enrich higher
education (75.68%).

Figure 12. Students’ perspectives regarding the future use of gamification in education.

Table 8. Students’ perspectives regarding the future use of gamification in education.

Having Experienced the Application of
Gamification in Education, Do You Believe
That Gamification . . .

Strongly Disagree Disagree Neutral Agree Strongly Agree

Freq. Perc. Freq. Perc. Freq. Perc. Freq. Perc. Freq. Perc.

should be used again in this course? 3 1.62% 6 3.24% 17 9.19% 78 42.16% 81 43.78%
should be applied in other courses as well? 8 4.32% 7 3.78% 18 9.73% 74 40.00% 78 42.16%
can enrich higher education? 3 1.62% 12 6.49% 30 16.22% 68 36.76% 72 38.92%
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5. Discussion

Students’ learning and the educational process in general can be evaluated from
different perspectives and factors. Students’ learning outcomes and academic achievements
are closely related to their educational success, ability to learn, pursuit of lifelong learning,
and future career prospects [68,69]. Moreover, there are multiple factors that can influence
students’ performance in academic settings [70–72]. Learning environments have proven
to be one of the most significant factors that can impact students’ academic performance
and learning outcomes [52,73–75].

Although there have been several studies that examine the impact of online learn-
ing [76–79], traditional learning [53,80], and gamified learning [81–83], to the best of our
knowledge, there has not been any recent study that explores how these three environ-
ments influence students when they are the only differentiating factor. Given the significant
changes that the educational domain has undergone in recent years and the existing gap in
the literature, this experiment involved a longitudinal study to evaluate students’ learning
outcomes and academic performance by comparing their performance during online learn-
ing, traditional learning, and gamified learning. The experiment lasted three years and a
total of 1001 higher education students participated. Moreover, the study also involved
the analysis of students’ viewpoints and experiences regarding the adoption and use of
gamification in education. In total, three research questions were set to be explored.

5.1. Outcomes of the Longitudinal Experiment

Based on the results of the longitudinal experiment, it can be inferred that overall,
gamified learning was the most effective approach in comparison to traditional learning
and online learning. Specifically, regardless of the structure of the laboratory course and its
increasing difficulty, better outcomes were observed in all laboratory tests when using the
gamification approach followed by traditional learning. This resulted in students’ acquiring
a higher laboratory average grade. The same stands true for the theoretical part of the
course in which students outperformed during gamified learning. Additionally, it was
evident from the distribution of the grades that as laboratory tests were becoming more
difficult students that were more motivated and engaged performed better and acquired
a better understanding of the concepts taught. This fact can be further justified by the
increase in students’ learning outcomes and academic performance in the theoretical part
of the course in which gamification elements were used to a lesser extent. The integration
of gamification also improved students’ excellence grades and overall success rate while
simultaneously decreased the course withdrawal rate.

These findings are in line with and further expand upon the results of other relevant
studies which have also highlighted the positive impact that the use of gamification can
have in education [35,58,59,79,84–86]. More specifically, while classifying and analyzing
different gamification elements and gameful interventions in medical education, which is
a field that combines theory with application, Krishnamurthy et al. [84] highlighted that
gamification can be used to enrich the educational process while yielding advantages. In
their longitudinal study, Putz et al. [85], highlighted that gamification can positively impact
education and it is not restricted by students’ gender or age while gamification elements
can be used to tailor learning experiences according to students’ demands and can increase
students’ knowledge retention. In their meta-analysis, Kim et al. [79] presented the positive
impact that the application of gamification has on promoting positive behavioral changes
in education even in short-term courses. The studies of Gari et al. [58], Ibáñez et al. [59],
Lampropoulos et al. [35], and Zhan [86] also revealed the positive impact that the use
of gamification can bring in computer science education while also improving students’
learning experience, engagement, and outcomes.

As far as traditional learning is concerned, students performed better throughout
the course in comparison to online learning but decreased academic performance was
observed when comparing traditional with gamified learning. In the context of online
learning, students demonstrated the lowest academic performance, had the fewer number
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of excellence grades, as well as showcased an increase in course withdrawals during the
semester. This is true, when comparing online learning with both traditional learning and
gamified learning. Existing studies have also highlighted the decrease in students’ perfor-
mance during online learning in the pandemic when compared to students’ performance
in traditional learning [87–89].

5.2. Outcomes of Students’ Viewpoints

As far as students’ viewpoints and experiences regarding the use of gamification
are concerned, the vast majority of students had an overall positive attitude. This fact
is in line with the findings of other related studies [81,90–92]. More specifically, in their
mixed method research, Turan et al. [81] highlighted the positive view that students have
regarding gamification and the benefits it can yield in learning achievements and cognitive
load levels. Cheong et al. [90] also revealed that gamification is a suitable learning approach
as it is viewed favorably by students who prefer to be engaged and actively participate in
learning and indulge in social interactions. Moreover, Bicen & Kocakoyun [91] presented
the positive perceptions that higher education students have toward gamification and its
ability to increase their learning interest and their ambitions for success. In their study,
Alabbasi et al. [92] highlighted that higher education students are particularly favorable
to gamification as it promotes sophisticated learning, challenges them, increases their
commitment, and improves their social interactions.

Based on the results of this study, it can be inferred that the integration of gamification
in education can increase the effectiveness of the educational process, improve learning
outcomes, and increase learning productivity. Moreover, gamified learning can promote
engagement, active participation, and learning motivation and simultaneously create
a more enjoyable learning experience and allow students to focus on achieving their
educational goals. Due to the nature of gamification, a competitive environment can be
created. However, this is not always a negative aspect as friendly and healthy competition
can lead to increased motivation and academic performance. This fact was evident from
the results of this longitudinal study.

Furthermore, it is important to note that the vast majority of students regarded that the
use of gamification can trigger both their intrinsic and extrinsic motivation. This fact further
highlights the capabilities of gamification to be used as an effective educational approach
to increase students’ learning motivation and engagement. The adoption of gamification in
teaching and learning can also meet students’ basic needs as students positively assessed its
capabilities to improve their autonomy, competence and sufficiency, as well as relatedness
and sense of belonging. In the context of the specific course, gamified learning was regarded
by students as an effective educational approach that can offer educational benefits, promote
learning motivation, increase students’ willingness to put more effort, and renders the
educational process more interesting without hindering the overall teaching and learning
activities. The academic benefits that the adoption and integration of gamification can yield
cannot only be justified by students’ academic achievements which as showcased improved
but it can also be proven by (i) students’ positive attitude and experience toward its use, (ii)
the increment in their learning engagement and motivation, (iii) their suggesting that it can
create student-centered learning environments, and (iv) stating that they would like this
approach not only to be used again in this course but also be applied in other courses as
well in the future.

5.3. Learning Outcomes from the Adoption of Gamification Learning

To provide a clearer representation of the influence that the different learning environ-
ments had on students’ learning outcomes and academic performance, the differences in
success rate, excellence rate, average grade, and withdrawal rate are presented compara-
tively for each learning environment for the laboratory and theoretical part of the course as
well as for the overall course in Tables 9–11, respectively. It is important to note that these
results are not symmetric. For example, in Table 9, the success rate for gamified learning
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is 90% and for online learning is 76%. This means that gamified learning yielded a 19%
improvement over online learning (0.19 = 90−76

76 ), but online learning is 16% lower than
gamified learning (−0.16 = 76−90

90 ).
Based on the results presented in Table 9, in the laboratory part of the course, gamified

learning results in an overall increase of 39% in success rate in comparison to online
learning and a 13% increase in comparison to traditional learning. In terms of excellence
rate, gamified learning yielded a 130% increase in comparison to online learning and a 23%
increase in comparison to traditional learning. When taking into account students’ average
grade, the use of gamification improved the average grade by 24% when compared with
online learning and 11% when compared with traditional learning. Gamified learning also
resulted in fewer students withdrawing from the course. A total of 42% more students
remained throughout the semester in comparison to online learning and 36% more when
compared to traditional learning. Moreover, when comparing traditional learning to online
learning, traditional learning yielded a 23% increase in success rate, an 86% increase in
excellence rate, an 11% increase in average grade, and a 4% increase in withdrawal rate in
comparison to online learning.

Table 9. Comparison of the impact that different learning environments have on students’ learning
outcomes and academic performance in the laboratory part of the course.

Success Rate Excellence Rate Average Grade Withdrawal Rate
Onl. Trad. Gam. Onl. Trad. Gam. Onl. Trad. Gam. Onl. Trad. Gam.
51% 63% 71% 7% 13% 16% 3.57 3.98 4.42 21% 20% 15%

Success rate
Online 51% −19% −28%
Traditional 63% 23% −11%
Gamified 71% 39% 13%

Excellence rate
Online 7% −46% −56%
Traditional 13% 86% −19%
Gamified 16% 130% 23%

Average grade
Online 3.57 −10% −19%
Traditional 3.98 11% −10%
Gamified 4.42 24% 11%

Withdrawal rate
Online 21% 4% 42%
Traditional 20% −4% 36%
Gamified 15% −30% −27%

Table 10. Comparison of the impact that different learning environments have on students’ learning
outcomes and academic performance in the theoretical part of the course.

Success Rate Excellence Rate Average Grade
Online Traditional Gamified Online Traditional Gamified Online Traditional Gamified

76% 78% 90% 18% 23% 41% 4.22 4.72 5.29

Success rate
Online 76% −4% −16%
Traditional 78% 4% −13%
Gamified 90% 19% 14%

Excellence rate
Online 18% −20% −56%
Traditional 23% 26% −44%
Gamified 41% 125% 79%

Average grade
Online 4.22 −11% −20%
Traditional 4.72 12% −11%
Gamified 5.29 25% 12%
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Table 11. Comparison of the impact that different learning environments have on students’ learning
outcomes and academic performance in the overall course.

Success Rate Success Rate of LT1 Excellence Rate Average Grade
Onl. Trad. Gam. Onl. Trad. Gam. Onl. Trad. Gam. Onl. Trad. Gam.
78% 78% 90% 28% 52% 67% 18% 24% 41% 5.56 5.95 6.94

Success rate
Online 78% 0% −13%
Traditional 78% 0% −13%
Gamified 90% 14% 14%

Success rate of
LT1

Online 28% −47% −59%
Traditional 52% 87% −23%
Gamified 67% 142% 29%

Excellence rate
Online 18% −24% −55%
Traditional 24% 31% −41%
Gamified 41% 122% 70%

Average grade
Online 5.56 −7% −20%
Traditional 5.95 7% −14%
Gamified 6.94 25% 17%

The learning outcomes were mostly similar in nature for the theoretical part of the
course as it is presented in Table 10. Based on the results, gamified learning yielded
a 19% increase in success rate in comparison to online learning and a 14% increase in
success rate in comparison to traditional learning. The use of gamification improved the
excellence rate by 125% in comparison to online learning and by 79% when compared
to traditional learning. When taking into account students’ average grade, the use of
gamification improved the average grade by 25% when compared with online learning and
12% when compared with traditional learning. Furthermore, traditional learning resulted
in an increase of 4% over online learning in the success rate, an increase of 26% in the
excellence rate, and an increase of 12% in the average grade.

As far as students’ performance in the overall course is concerned, Table 11 summarizes
the related results. Based on the findings, it can be said that in the overall course the use of
gamification resulted in an overall increase of 14% in success rate in comparison to both
online learning and traditional learning. Gamified learning yielded a 142% increase in
comparison to online learning and a 29% increase in comparison to traditional learning in
success rate of LT1.

When taking into account students’ excellence rate, the use of gamification improved
the excellence rate by 122% when compared with online learning and 70% when compared
with traditional learning. Gamified learning also resulted in fewer students withdrawing
from the course. Students’ average grade improved by 25% when using gamification in
comparison to online learning and by 17% in comparison to traditional learning.

Moreover, when comparing traditional learning to online learning, traditional learning
yielded an 87% increase in success rate of LT1, a 31% increase in excellence rate, a 7%
increase in average grade. However, no differences were observed in terms of overall
success rate between traditional learning and online learning. Therefore, it can be inferred
that gamified learning yielded the best learning outcomes, followed by traditional learning
and online learning which had the lowest learning outcomes in each of the course parts
and in the overall course for each of the factors examined.

Based on the aforementioned, it can be concluded that among online learning, tradi-
tional learning, and gamified learning, gamified learning is the most effective approach as
it resulted in increased educational benefits and students’ performance (RQ1). Regarding
students’ learning outcomes, the use of gamification resulted in students’ achieving better
academic performance, increasing their learning motivation and engagement, improving
the success rate, excellence rate, and average grade, as well as reducing the withdrawal
rate (RQ2). Students had an overall positive attitude toward the adoption and integration
of gamification since they highly valued it as an effective educational approach that can
yield several educational benefits and meet students’ basic needs and thus, should be used
more frequently and in more courses in the future (RQ3).
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6. Conclusions

Gamification is a promising approach which integrates game-related elements, mech-
anisms, and aspects into non-game related context. Gamification has the potential to
enrich the educational process and improve learning outcomes. However, there is limited
knowledge regarding how it affects students’ learning outcomes and achievements when
compared to traditional learning and online learning. Additionally, although there are
studies that examine the influence of the learning environment and approach on students’
performance, these studies focus mostly on examining a single learning environment.
Therefore, this longitudinal study aimed at exploring how gamification impacts students’
learning outcomes and academic performance when compared with traditional learning
and online learning. Specifically, the study lasted three years and a total of 1001 higher
education students participated.

It is worth noting that the results presented in this study and the findings did not
account for the bonus grades that students received through the use of gamification. The
results and the outcomes presented are solely based on students’ performance in the
examinations. Moreover, the complexity of the course and its having both a theoretical and
laboratory part further highlight the capabilities of gamification.

Based on the findings of this study, students’ learning outcomes and academic perfor-
mance as well as their learning motivation and engagement were higher during gamified
learning, followed by traditional learning and online learning. Specifically, in the laboratory
part of the course, gamified learning resulted in a 13% increase over traditional learning
and 39% over online learning in success rate, a 23% increase over traditional learning and
130% over online learning in excellence rate, an 11% increase over traditional learning and
24% over online learning in average grade, and a 36% increase over traditional learning
and 42% over online learning in students’ retention rate. In the theoretical part of the
course, gamified learning resulted in a 14% increase over traditional learning and 19% over
online learning in success rate, a 79% increase over traditional learning and 125% over
online learning in excellence rate, and a 12% increase over traditional learning and 25%
over online learning in average grade. In the overall course, gamified learning resulted in a
14% increase over traditional learning and 14% over online learning in success rate, a 29%
increase over traditional learning and 142% over online learning in success rate of LT1, a
70% increase over traditional learning and 122% over online learning in excellence rate, and
a 17% increase over traditional learning and 25% over online learning in average grade.

The findings regarding students’ viewpoints about the adoption and integration of
gamification in education revealed that students had a positive attitude toward gamified
learning and regarded its educational use highly. Specifically, students assessed that gami-
fication can enrich the educational process, improve their learning outcomes, motivation,
engagement, and productivity, and create more enjoyable, interactive, and student-centered
environments. Based on the results, it can be inferred that the integration of gamification
in education can increase the effectiveness of the educational process, improve learning
outcomes, and increase learning productivity. Gamification was also proven to be an effec-
tive educational approach as it triggered students’ both intrinsic and extrinsic motivation
and met their basic needs in terms of relatedness and sense of belonging, competence and
sufficiency, and autonomy. The fact that students recommended gamification learning
should be applied again in the future and in more courses further highlights its potentials
and it being favored by students.

All in all, gamification emerged as an effective educational approach which can enrich
the educational process, is positively assessed by students, and can result in increased learn-
ing outcomes and academic performance (e.g., excellence grade, average grade, success
rate), learning motivation, engagement, and retention rate over traditional learning and
online learning. Moreover, gamification led to students’ acquiring a better understanding
of the course material and the concepts taught during the laboratory part of the course
which was showcased during their performance in the theoretical part. Additionally, not
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only did students have a higher average grade and success rate, but their excellence rate
was also significantly improved.

These findings further prove the potential and benefits when adopting and integrating
gamification in education in both theoretical and applied courses. Therefore, based on
the findings of this study, the adoption of gamification is generally encouraged; however,
its use is becoming more evident in courses and subjects that are more complex, difficult,
and require students’ active involvement and self-directed learning. Careful planning
is required in order for gamification not to act as a distraction but rather as a factor
that contributes to the creation of more engaging, enjoyable, and motivating learning
experiences.

Nonetheless, there are some limitations that should be mentioned. Specifically, this
study involved three approaches which were adopted and integrated in a single course.
Additionally, the nature of the course having both lectures and applied lessons can be
regarded as another limitation. Although achieving better learning outcomes in such a
complex course further highlights the potential of gamification to enrich the educational
process, further analysis regarding the integration of gamification in lecture-only or applied-
only courses and how it affects learning outcomes is required. Hence, more studies should
be conducted that analyze the adoption of gamification in different settings. To better
understand the influence of gamification on teaching and learning approaches, future
studies should examine its use in comparison with different learning environments, courses,
areas of knowledge, and student population and examine its role in combination with other
pedagogical approaches and technologies. Additionally, the competitive nature that might
be developed in gamified learning environments and its influence on students should be
further examined. Finally, there is a need to develop guidelines to effectively integrate
gamification in classrooms and evaluation tools to assess its impact on more factors.

Author Contributions: Conceptualization, G.L.; methodology, G.L. and A.S.; validation, G.L. and
A.S.; formal analysis, G.L. and A.S.; investigation, G.L. and A.S.; data curation, G.L. and A.S.; writing—
original draft preparation, G.L. and A.S.; writing—review and editing, G.L. and A.S.; supervision,
G.L. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki.

Informed Consent Statement: Informed consent was obtained from all participants involved in
the study.

Data Availability Statement: The data analyzed in this study are available from the corresponding
author upon reasonable request.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Mukhtar, K.; Javed, K.; Arooj, M.; Sethi, A. Advantages, Limitations and Recommendations for online learning during COVID-19

pandemic era. Pak. J. Med. Sci. 2020, 36, S27. [CrossRef] [PubMed]
2. Lampropoulos, G.; Admiraal, W. The Impact of COVID-19 Pandemic on Primary, Secondary, and K-12 Education: A Systematic

Review. Int. J. Stud. Educ. 2023, 5, 348–440. [CrossRef]
3. Marshall, D.T.; Shannon, D.M.; Love, S.M. How teachers experienced the COVID-19 transition to remote instruction. Phi Delta

Kappan 2020, 102, 46–50. [CrossRef]
4. Lee, T.T.l. Leadership for inclusive online learning in public primary schools during COVID-19: A multiple case study in Hong

Kong. Educ. Manag. Adm. Leadersh. 2022, 174114322211353. [CrossRef]
5. Simonson, M.; Zvacek, S.M.; Smaldino, S. Teaching and Learning at a Distance: Foundations of Distance Education, 7th ed.; Information

Age Publishing: Charlotte, NC, USA, 2019.
6. Ferri, F.; Grifoni, P.; Guzzo, T. Online Learning and Emergency Remote Teaching: Opportunities and Challenges in Emergency

Situations. Societies 2020, 10, 86. [CrossRef]
7. Abaci, S.; Robertson, J.; Linklater, H.; McNeill, F. Supporting school teachers’ rapid engagement with online education. Educ.

Technol. Res. Dev. 2021, 69, 29–34. [CrossRef] [PubMed]

http://doi.org/10.12669/pjms.36.COVID19-S4.2785
http://www.ncbi.nlm.nih.gov/pubmed/32582310
http://dx.doi.org/10.46328/ijonse.161
http://dx.doi.org/10.1177/0031721720970702
http://dx.doi.org/10.1177/17411432221135310
http://dx.doi.org/10.3390/soc10040086
http://dx.doi.org/10.1007/s11423-020-09839-5
http://www.ncbi.nlm.nih.gov/pubmed/33052183


Educ. Sci. 2024, 14, 367 26 of 28

8. Sun, A.; Chen, X. Online Education and Its Effective Practice: A Research Review. J. Inf. Technol. Educ. Res. 2016, 15, 157–190.
[CrossRef] [PubMed]

9. Trust, T.; Whallen, J. Should teachers be trained in emergency remote teaching? Lessons learned from the COVID-19 pandemic. J.
Technol. Teach. Educ. 2020, 28, 189–199.

10. Hodges, C.B.; Moore, S.; Lockee, B.B.; Trust, T.; Bond, M.A. The Difference between Emergency Remote Teaching and Online Learning;
Educause: Boulder, CO, USA, 2020.

11. Bond, M. Schools and emergency remote education during the COVID-19 pandemic: A living rapid systematic review. Asian J.
Distance Educ. 2020, 15, 191–247.

12. Appana, S. A review of benefits and limitations of online learning in the context of the student, the instructor and the tenured
faculty. Int. J. E-Learn. 2008, 7, 5–22.

13. Paudel, P. Online Education: Benefits, Challenges and Strategies During and After COVID-19 in Higher Education. Int. J. Stud.
Educ. 2020, 3, 70–85. [CrossRef]

14. Bailey, D.R.; Lee, A.R. Learning from experience in the midst of COVID-19: Benefits, challenges, and strategies in online teaching.
Comput.-Assist. Lang. Learn. Electron. J. 2020, 21, 178–198.

15. Gopal, R.; Singh, V.; Aggarwal, A. Impact of online classes on the satisfaction and performance of students during the pandemic
period of COVID 19. Educ. Inf. Technol. 2021, 26, 6923–6947. [CrossRef] [PubMed]

16. Wang, C.H.; Shannon, D.M.; Ross, M.E. Students’ characteristics, self-regulated learning, technology self-efficacy, and course
outcomes in online learning. Distance Educ. 2013, 34, 302–323. [CrossRef]

17. Xu, D.; Jaggars, S.S. The impact of online learning on students’ course outcomes: Evidence from a large community and technical
college system. Econ. Educ. Rev. 2013, 37, 46–57. [CrossRef]

18. Panigrahi, R.; Srivastava, P.R.; Sharma, D. Online learning: Adoption, continuance, and learning outcome—A review of literature.
Int. J. Inf. Manag. 2018, 43, 1–14. [CrossRef]

19. Yu, Z. The effects of gender, educational level, and personality on online learning outcomes during the COVID-19 pandemic. Int.
J. Educ. Technol. High. Educ. 2021, 18, 14. [CrossRef] [PubMed]

20. United Nations. Transforming Our World: The 2030 Agenda for Sustainable Development; United Nations: New York, NY, USA, 2015.
21. Walsh, P.; Murphy, E.; Horan, D. The role of science, technology and innovation in the UN 2030 agenda. Technol. Forecast. Soc.

Change 2020, 154, 119957. [CrossRef]
22. Pokhrel, S.; Chhetri, R. A Literature Review on Impact of COVID-19 Pandemic on Teaching and Learning. High. Educ. Future

2021, 8, 133–141. [CrossRef]
23. Turnbull, D.; Chugh, R.; Luck, J. Transitioning to E-Learning during the COVID-19 pandemic: How have Higher Education

Institutions responded to the challenge? Educ. Inf. Technol. 2021, 26, 6401–6419. [CrossRef]
24. Guppy, N.; Verpoorten, D.; Boud, D.; Lin, L.; Tai, J.; Bartolic, S. The post-COVID-19 future of digital learning in higher education:

Views from educators, students, and other professionals in six countries. Br. J. Educ. Technol. 2022, 53, 1750–1765. [CrossRef]
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