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ABSTRACT: Gamification, defined as the integration of game design elements into educational contexts,
has gained increasing attention for its potential to enhance student motivation, engagement, and learning
outcomes. Despite growing research interest, limited evidence exists regarding the implementation of
gamification in biology teacher education, particularly studies that integrate bibliometric analysis with
empirical investigation. Grounded in Self-Determination Theory (SDT), this study examined global
research trends in gamification and explored the awareness, experiences, and perceptions of future biology
teachers regarding gamified learning. A mixed-methods approach was employed, combining a
bibliometric analysis of 144 peer-reviewed publications indexed in Scopus, Web of Science, and PubMed
between 2017 and 2024, following the PRISMA 2020 guidelines, with a questionnaire survey of 104
undergraduate students enrolled in the Biology Teacher Education program at Abai Kazakh National
Pedagogical University during the 2025-2026 academic year. VOS viewer software was used to analyses
keyword co-occurrence networks. The bibliometric analysis revealed a steady increase in publications and
identified four major research themes: biology and computational applications, decision-making and
socialization, game theory and learning processes, and curriculum-related gamification. The survey results
indicated that 80.6% of students were familiar with gamification, while 67.0% reported internet-based
games as the most commonly used instructional approach in biology education. Chi-square analysis
revealed significant differences in gamification awareness across academic years (p < 0.001). However,
students demonstrated limited practical experience in designing and implementing gamified learning
activities independently. The alignment between bibliometric trends and student perceptions highlights
the growing importance of gamification in biology teacher education while revealing a gap between
theoretical knowledge and practical competence. These findings underscore the need for the systematic
integration of gamification competencies into biology teacher education curricula and provide valuable
evidence to support future curriculum development and educational practice.

Keywords: Gamification, Biology teacher education, Bibliometric review, Game-based learning, Student
engagement, Educational technologies.

I. INTRODUCTION

In recent years, traditional learning formats have undergone significant transformation across all stages
of education. The COVID-19 pandemic substantially accelerated the demand for online learning in higher
education. However, the adoption of digital tools as substitutes for traditional instruction, alongside the
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introduction of electronic textbooks and learning platforms, has presented higher education institutions with
the unique challenge of rethinking their educational approaches. In this context, the need for interactive and
student-centred teaching methods has become particularly relevant [1, 2]. To ensure high-quality learning,
teachers must motivate students to participate actively and provide them with opportunities to develop
creativity, initiative, and both cognitive and personal growth. Therefore, modern teaching should
incorporate interactive, engaging, and stimulating methods that support active learning. One of the most
effective strategies for motivating students is to integrate gamification principles into the learning and
assessment process [3, 4, 5]. The role of gamification in supporting learning motivation has been widely
discussed in the scholarly literature [6, 7, 8].

The integration of digital technologies into educational and scientific processes enhances their efficiency,
accessibility, and adaptability. In this context, gamification has emerged as an important pedagogical
approach that incorporates game design elements into non-game educational environments to improve
learning outcomes and student engagement [9, 10, 11]. The use of gamification in education involves game
elements such as scores, rewards, levels, and feedback to increase student motivation and achievement [6, 7,
12]. Gamification methods rooted in active learning principles offer an alternative to passive instruction and
serve as a driver of student engagement. Previous research has shown that gamified learning environments
can improve student motivation, engagement, and academic achievement [2, 8, 10]. Despite growing
scholarly attention, convincing empirical evidence on the effectiveness of gamification across diverse
educational contexts remains limited [1, 13]. Gamified learning therefore represents a promising strategy for
improving academic performance and creating an integrated educational environment. Its potential includes
increasing motivation, consolidating knowledge, and developing critical thinking and problem-solving
skills.

1. THEORETICAL FRAMEWORK

This study is theoretically grounded in Self-Determination Theory (SDT), developed by Ryan and Deci
[14], which provides the most analytically robust framework for explaining the motivational mechanisms
underlying gamification in educational contexts. SDT posits that human motivation is optimised when three
fundamental psychological needs are satisfied: autonomy (the experience of volition and self-direction in
learning), competence (the perception of effectiveness and mastery), and relatedness (the sense of connection
and belonging within a learning community). These three needs are directly applicable to gamified learning
environments, making SDT a particularly appropriate theoretical lens for the present study.

Within the SDT framework, gamification elements can be mapped onto each of the three basic
psychological needs. Autonomy is supported through game mechanics that allow students to choose their
own learning paths, set personal goals, and progress at their own pace-for example, open-ended quests,
voluntary challenges, and branching scenarios. Competence is reinforced through immediate and
informative feedback (scores, badges, level progression), which signals achievement and mastery of subject
content. Relatedness is fostered through collaborative and competitive game elements such as leaderboards,
team-based challenges, and peer interaction, which create a shared learning community among future
biology teachers.

SDT further distinguishes between intrinsic motivation (engagement driven by inherent interest and
satisfaction) and extrinsic motivation (engagement driven by external rewards or recognition). Poorly
designed gamification that relies exclusively on extrinsic rewards-such as points and badges with no
pedagogical rationale-risks undermining intrinsic motivation through the overjustification effect.
Conversely, gamification that supports autonomy, provides competence-relevant feedback, and encourages
collaborative interaction aligns with SDT principles and has been shown to sustain long-term intrinsic
motivation and deeper learning engagement [14]. This distinction is particularly relevant in teacher
education, where developing intrinsic professional motivation is a key goal.

It is important to distinguish between several related concepts used throughout this study. Gamification
refers to the use of game design elements such as points, badges, levels, and leaderboards in non-game
educational contexts. Game-based learning involves the use of complete educational games specifically
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designed to support learning outcomes. Serious games are developed primarily for educational or training
purposes, while digital learning environments represent broader technological platforms that may
incorporate gamification and game-based learning strategies. These distinctions are important because SDT
applies differently across these formats: gamification primarily targets extrinsic-to-intrinsic motivational
progression, whereas game-based learning and serious games can more directly activate intrinsic motivation
through narrative immersion and problem-solving.

Based on SDT, the conceptual framework of this study proposes that gamification influences the
professional development of future biology teachers through three interconnected mechanisms: (1)
enhancement of intrinsic motivation through need-supportive game elements; (2) increased engagement and
active participation enabled by immediate feedback and goal structures; and (3) development of professional
competencies through collaborative and self-directed gamified tasks. This framework guided both the
bibliometric analysis in terms of identifying SDT-relevant thematic clusters-and the design of the empirical
survey, which examined students” awareness, engagement, and motivational attitudes toward gamification
(see Figure 1).

( GAMIFICATION ELEMENTS (Input) |

Points & Levels & Immediate Quests & Collaborative
Badges Leaderboards Feedback Challenges Tasks

l (| THEORETICAL MECHANISMS ] l I
Self-Determination Constructivist Game-Based
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l ( LEARNING PROCESSES | l
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L

OUTCOME: Development of Professional Competencies of Future Biology Teachers
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FIGURE 1. Conceptual model of gamification in biology teacher education.

2. RESEARCH GAP

Despite the growing number of studies on gamification in education, limited evidence exists regarding
its implementation in biology teacher education, particularly in Kazakhstan. Furthermore, previous studies
have often focused either on bibliometric reviews or on classroom-based interventions. To the best of our
knowledge, very few studies have integrated bibliometric analysis with empirical survey data to examine
both global research trends and students’ perceptions of gamification in biology teacher education.
Therefore, this study seeks to address this gap by integrating these two approaches.

The novelty of the present study lies in the integration of bibliometric analysis and empirical survey data
within the context of biology teacher education. Unlike previous studies that have focused either on literature
reviews or classroom-based interventions, this research combines both approaches to provide a
comprehensive understanding of global research trends and students’ perceptions of gamification. This
integrated perspective contributes new evidence regarding the current state and future development of
gamification in biology teacher education.
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II. LITERATURE REVIEW

Understanding gamification requires first examining the broader concept of play and games. The term
game is considered an integral element of human nature, encouraging interaction, collaboration, and
engagement [15, 16]. Among the new game-based learning methods that have emerged and gained
widespread adoption, gamification occupies a central place. The term gamification was coined in 2002 by
British game designer Nick Pelling and gained broad popularity by 2010, since when it has developed as an
interdisciplinary concept applied in education, business, healthcare, and other fields [9, 10, 12]. It is now
being implemented across a wide variety of domains. In education specifically, gamification is used as a
pedagogical tool aimed at increasing students' motivation, engagement, and learning outcomes.

Gamification involves the use of game elements in non-game contexts, especially in an educational
environment. It typically includes elements such as scores, badges, levels, leaderboards, and feedback
mechanisms [6, 9, 11]. Numerous studies demonstrate that gamification can significantly increase students'
motivation and engagement [4, 8, 17]. Learning through gamification, especially with digital technologies,
promotes creativity, problem-solving skills, and deeper subject understanding [2, 5 18]. The rapid
development of digital technologies in education has driven the adoption of innovative learning approaches;
however, for successful implementation it is important to ensure that the pedagogical benefits of
gamification outweigh its potential limitations [1, 13]. Gamification can also significantly influence student
engagement and learning outcomes. A number of bibliometric reviews confirm that game design elements
play a crucial role in shaping motivation, participation, and collaboration in an educational environment [8,
9, 11]. Research also highlights its potential to improve knowledge acquisition and collaborative learning [2,
19]. Gamification enables students to increase learning efficiency and sustain interest over time. According
to Karavaev and Soboleva, gamification represents “a modern element of creating a digital educational
environment” [20]. Shelomova and Kotlyarova [21] note that gamification can be applied at all stages of the
learning process, including assessment and consolidation of knowledge.

Matonin [22] identifies key elements of gamification-motivation, feedback, and interaction-which
contribute to improving student achievement and engagement. Students often exhibit low motivation for
routine academic tasks, while showing a clear preference for interactive and playful activities [4, 23]. Both
Kazakhstani and international researchers emphasise the role of gamification in increasing students'
motivation, engagement, and interest in the learning process [24, 25, 26]. Ovchinnikov [27] also highlights
the effectiveness of gamification in stimulating cognitive activity and fostering deeper understanding of
educational material.

Despite the predominantly positive results, some studies show that online learning can lead to negative
consequences, such as frustration or decreased intrinsic motivation in certain groups of students [13, 28].
Nevertheless, the overall benefits of gamification, including improved problem-solving, decision-making,
and knowledge retention, are consistent with the broader goals of modern education. The researchers also
emphasize that gamification, as a student-centered approach, can be a more effective means of engagement
and integration compared to traditional teaching methods [29, 30]. However, despite its recognized
advantages, there is still insufficient empirical evidence regarding the optimal implementation of
gamification in the educational context. For example, there is still a lack of comprehensive data on the impact
of gamified learning on student interaction and long-term learning outcomes [29, 31, 32]. Moreover, the
mechanisms by which gamification promotes knowledge acquisition and skill development have not yet
been fully understood. As a result, inconsistencies can be observed in all studies, especially regarding student
attitudes, satisfaction, and learning effectiveness.

The advantages and positive aspects of gamification in education have also been thoroughly studied by
Kazakhstani researchers. In particular, the use of game elements to increase interest and motivation in
various subjects was studied. These conclusions are also supported by research on the education of biology
teachers in Kazakhstan, which highlights the importance of practice-based learning and the integration of
innovative learning approaches in the development of professional competencies [33].

One of the key researchers of game-based learning in Kazakhstan is Akhmetov, author of the book
"Technology for Creating Educational Games", which examines in detail the development and application
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of educational games in the learning process [34]. The role of gamification in secondary and higher education
is also explored in the works of Orazbaikyzy and Ilyassova, who note the continuous growth in the number
of services and platforms incorporating gamification elements [24]. Tokzhigitova et al. investigate
gamification as a method for improving learning activity and student motivation; drawing on a sample of
more than 150 students, they evaluate participant satisfaction and attitudes towards gamification approaches
[25]. Polulyakh examines the role of gamification in increasing student interest in biology, arguing that
through assignments, quizzes, and quests, students not only memorise material but also develop their ability
to understand and critically analyse it; gamification is therefore recommended as an effective means of
introducing innovation into biology teaching [35].

Gamification can be implemented in both online and offline learning environments. Key features include
the accumulation of points, a feedback system, and the ability to repeat tasks that help reduce anxiety and
increase motivation [6, 11]. Games are usually divided into serious and non-serious (entertainment) ones.
Serious games are primarily intended for educational and training purposes. In contrast, non-serious games
are designed primarily for entertainment and are not aimed at achieving educational goals [36]. Serious
games can also be divided into digital and non-digital games. Digital games can include immersive
technologies such as virtual and augmented reality that increase user engagement [37, 38].

This bibliometric review was therefore conducted to synthesise current evidence on the use of game-
based learning methods with varying designs and methodologies. The findings enable identification of
effective gamification approaches and highlight potential challenges in their implementation, thereby
providing useful guidance for educators and stakeholders in biology education. A bibliometric search was
performed in peer-reviewed journals focused on gamified learning, and the results were synthesised to
inform future research directions.

ITII. METHODS

This study aimed to identify current trends in the use of game-based learning in the educational process.
To this end, a mixed-methods approach was employed, combining a bibliometric literature review with a
student survey. This combination was chosen to enable a comprehensive analysis of both the theoretical
landscape and the practical dimensions of gamification in biology education. The study drew on scientific
works by both Kazakhstani and international researchers regarding the application of gamification in
biology education. In line with the research goals, the following research questions were formulated:

e RQ1: How relevant is the application of gamification in academic publications within the specified time
frame?

e RQ2: To what extent has gamification technology been addressed in global studies from 2017 to 2024?

e RQ3: What is the level of student engagement with gamification in biology education?

Bibliometric Search Strategy:The bibliometric review was conducted following the PRISMA 2020
(Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guidelines. The literature search was
performed in three international databases: Scopus, Web of Science, and PubMed. The search query used the
following Boolean operators and keywords: (“gamification” OR “game-based learning” OR “serious
games”) AND (“biology education” OR “biology teaching” OR “biology teacher education” OR “science
education”). The search covered publications published between 2017 and 2024. Only peer-reviewed journal
articles and conference proceedings published in English were considered.

The inclusion criteria were: (1) studies focused on gamification or game-based learning; (2) studies related
to biology education, science education, or teacher education; (3) empirical, review, and bibliometric
studies; and (4) publications indexed in Scopus, Web of Science, or PubMed.

The exclusion criteria were: (1) duplicate publications; (2) studies unrelated to education; (3) publications
without full-text access; and (4) editorials, book reviews, and non-peer-reviewed sources.

The initial search identified 2,576 records. After screening titles and abstracts and removing duplicate
records, 320 publications remained for eligibility assessment. Following full-text review, 144 studies met the
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inclusion criteria and were included in the final bibliometric analysis. The PRISMA 2020 flow diagram
illustrating the study selection process is presented in Figure 2.
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FIGURE 2. PRISMA 2020 flow diagram of the study selection process.

To answer the first two research questions, a bibliometric review was conducted. This method was
selected because it enables a structured analysis and synthesis of a large body of scientific literature, as well
as the identification of key trends, gaps, and patterns in previous research. In addition, elements of
bibliographic analysis were employed to examine the dynamics and thematic focus of publications on
gamification in education.

The second method used in the study was a survey, which was aimed at obtaining empirical data on
students’ awareness, experience and attitudes towards gamification. The use of the survey method
complements the bibliometric review by providing insights into the practical application of gamification and
the perceptions of future teachers. Thus, the combination of these two methods ensures a more
comprehensive understanding of the research problem by integrating theoretical analysis with empirical
evidence.

The empirical part of the study included a survey conducted among students of the Faculty of Natural
Sciences and Geography at Abai Kazakh National Pedagogical University. The survey was carried out
during the 2024-2025 academic year. A total of 104 students participated in the study. Among them, 43 were
first-year students, 11 were second-year students, 25 were third-year students, and 18 were fourth-year
students. Seven respondents did not provide sufficient information regarding their year of study and were
therefore excluded from analyses comparing year groups. Consequently, year-group analyses were
conducted using data from 97 participants. A convenience sampling strategy was employed in this study.
All participants were enrolled in the biology educational program and voluntarily agreed to participate in
the survey. The sample was considered appropriate for obtaining exploratory data regarding students’
awareness, experiences, and perceptions of gamification in biology teacher education. Participants ranged in
age from 18 to 23 years (M=20.4 years). The sample size was determined by the number of students enrolled
in the biology teacher education programme who voluntarily agreed to participate during the data collection
period. For exploratory descriptive research, the obtained sample was considered sufficient to identify
general trends and patterns related to students’” awareness, experiences, and perceptions of gamification.
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The survey was conducted in a structured format and consisted of five questions aimed at identifying
students” understanding of gamification, their experience in using game-based elements in biology classes,
and their motivation to engage with gamified learning environments. The questionnaire included both
closed and semi-open questions, allowing for both quantitative and qualitative analysis of responses. The
full text of all five survey questions, including the original Kazakh/Russian wording and English translations
of all response options, is provided in Supplementary Appendix A. The survey included questions about the
types of games that are most often used in biology teaching, about students' theoretical understanding of
gamification in the educational process, about the practical experience of teachers using game elements in
specialised classes, about specific academic courses where students acquired skills in creating educational
Internet games, as well as about which game mechanics most effectively motivate students to acquire
scientific knowledge. The data was collected using an online questionnaire developed by the authors and
administered using Google Forms https://forms.gle/3WDPQDZm4GFwgQqt6.

The questionnaire was developed by the authors in collaboration with the scientific supervisor, whose
expert review ensured the content validity and relevance of all questionnaire items prior to distribution.
Since the questionnaire consisted of five categorical and semi-open items measuring distinct aspects of
gamification awareness, experience, and motivation rather than a single latent construct, the calculation of
internal consistency measures such as Cronbach’s alpha was not applicable to this instrument. Instead,
content validity was ensured through collaborative development and expert review by the scientific
supervisor, which are recognized as appropriate validation procedures for exploratory descriptive
questionnaires [1].

Prior to the main data collection, the questionnaire underwent expert review involving specialists in
biology education and educational technology. Based on their recommendations, minor modifications were
made to improve clarity, relevance, and comprehensibility of the survey items. It should be noted that a
formal pilot study with a separate participant group was not conducted; expert review was considered a
sufficient validation procedure for an exploratory descriptive questionnaire of this scope. The final version
of the questionnaire was considered suitable for exploratory descriptive research and adequately reflected
the objectives of the study.

For the open-ended questions (Q4 and Q5), the coding procedure was independently conducted by two
researchers. Inter-rater reliability was assessed using Cohen’s kappa coefficient. For Question 4, Cohen’s
kappa was k = 0.84, indicating strong agreement (88.5% agreement). For Question 5, Cohen’s kappa was k =
0.87, indicating strong agreement (91.3% agreement). Any discrepancies in coding were resolved through
discussion until consensus was reached.

The collected data were analyzed using descriptive statistical methods. The responses were grouped into
categories, and the frequency of each response was calculated as a percentage of the total number of
participants. This approach made it possible to identify general trends, compare responses across different
student groups and evaluate the level of awareness and engagement with gamification. In particular, the aim
of the survey was to:
¢ Identify general student understanding of gamification in the learning process;
¢ Determine which games are used in teaching biology;

o Identify students’ skills in creating online games;
¢ Determine which gamification elements are most frequently used and which types of games motivate
students to acquire knowledge.

Participation in the study was voluntary, before completing the questionnaire, all participants were
informed about the purpose of the study and the anonymous nature of data collection. Informed consent
was obtained from all respondents. No personally identifiable information was collected. All data were
analyzed in aggregated form and used exclusively for scientific purposes. The study complied with the
ethical principles of educational research, including confidentiality, anonymity, and voluntary participation.

The study was reviewed and approved by the Research Ethics Council of Abai Kazakh National
Pedagogical University (Almaty, Kazakhstan). Ethical approval for this research was granted on 08 October
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2025. The research was conducted in accordance with the Ethical Code of Educational Researchers of the
Republic of Kazakhstan and institutional ethical guidelines.

IV. RESULTS

At the selection stage of the bibliographic analysis, online databases such as Scopus, Web of Science, and
PubMed were used. In the initial screening from 2017 to 2024, a total of 2576 articles related to the use of
games in the educational process were found. To ensure a more accurate selection of scientific articles, the
following criteria were applied:

e Articles had to be published between 2017 and 2024;
o The field of education, particularly biology teaching, had to be covered;
e Priority was given to articles published in English and to conference proceedings.

As a result, 144 articles were reviewed at the selection stage (2017-2024) (see Figure 3). A year-by-year
breakdown shows a steady increase in the number of publications from 2017 (n=11) to 2024 (n=26), with only
a temporary dip in 2022 (n=17), followed by a renewed increase. This trend indicates that the use of
gamification in biology education remains a relevant and timely topic.

30
26 26
25

20
16

The number of articles
7Y
el

2017 2018 2019 2020 2021 2022 2023 2024
The interval of the selected years

FIGURE 3. Annual distribution of reviewed publications on gamification in biology education (2017-2024)

Furthermore, a bibliographic analysis of the content of the selected scientific works was conducted. At
the summarizing stage, a conclusion based on the analysis was prepared. The VOSviewer analysis processed
the full keyword dataset extracted from titles and abstracts of all 144 included articles. After applying the
minimum co-occurrence threshold of five occurrences per term, the software identified 829 unique keyword
items in total across the dataset; of these, 32 terms met the threshold and were retained for network
visualization (referred to here as '32 network nodes' or 'retained keyword groups'). The terms that did not
meet the threshold were excluded from the network map but remained in the full keyword inventory. The
resulting co-occurrence network is presented in Figure 4. For this analysis, scientific articles and abstracts
were exported from the Scopus, Web of Science, and PubMed online databases. The data were then imported
and processed using the VOSviewer software. VOSviewer is a computer program used to create bibliometric
maps and visualize research findings [39]. For keyword co-occurrence analysis, a minimum threshold of five
occurrences per keyword was applied. Keywords were normalized using the association-strength method
built into VOSviewer, and plural or variant forms (e.g., “gamification” / “gamify”) were manually merged
prior to network construction. With the help of VOSviewer, the frequency of terms such as “biology
teaching”, “education”, and “gamification” appearing in the article titles and abstracts was tracked in the
dataset.
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FIGURE 4. Network visualization of keyword co-occurrence based on selected publications (VOSviewer).

According to Figure 4, VOSviewer's automatic clustering algorithm (using the modularity-based
community detection method built into the software) identified four thematic clusters, each automatically
assigned a distinct colour by the software (yellow, red, green, and blue). The cluster labels used in this paper
are descriptive interpretations assigned by the authors based on the dominant topics within each cluster;
they were not generated automatically by VOSviewer:

o Yellow cluster (7 items, 192 occurrences): covers topics such as biology, genetics, algorithms, artificial
intelligence, and more.

e Red cluster (9 items, 133 occurrences): includes topics such as animals, decision-making, socialization,
etc.

e Green cluster (8 items, 252 occurrences): includes topics such as game theory, biological evolution,
computer simulation, group learning, assessment, interpersonal relationship, and more.

¢ Blue cluster (8 items, 149 occurrences): covers topics such as curriculum, gamification, game-based
learning, learner, video games, problem-based learning, instruction, educational criteria, and more.

The green cluster contains the highest number of interrelated terms, indicating that terms related to game
theory, the learning process, and interpersonal relationships appear most frequently across the covered
cluster topics. By using the interactive function of the network map and clicking on any given item, the
connections between elements can be viewed more clearly (see Figure 5).

The identified clusters demonstrate the interdisciplinary nature of gamification research and its growing
integration into educational practice. The strong interconnections between biology education, curriculum
development, game-based learning, and student engagement indicate that gamification is increasingly
viewed not only as a motivational tool but also as a pedagogical strategy for developing professional
competencies. These findings suggest that future research should focus on strengthening the methodological
foundations of gamification and expanding its application within teacher education programs.
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For example, one can observe a strong connection between the term “gamification” and terms such as
“computational biology,” “video games,” “problem-based learning,” “learner,” “curriculum,” and “game-
based learning.”
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FIGURE 5. Interrelationship of keyword elements within the bibliometric cluster.

The network map thus enables a more precise examination of the relationships between individual terms.
Consistent with the aim of the study, the findings confirm that gamification in biology education represents
a highly relevant and growing area of scholarly inquiry.

The survey results are presented below. The results for the first survey question showed that Internet-
based games are the most frequently used format in biology instruction (67%), followed by role-playing
games (38.8%) and board games (31.1%). It was also found that in some cases respondents reported no use
of game elements at all (10.7%) (see Figure 6). Since respondents were able to select multiple options, the
total across response categories exceeds 100% (147.6%).

Which games are most often used in biology teaching?

Correct answers: 15 out of 104

Internet-based games _ 69 (67 %)
Role-playing games _ 40 (38,8 %)
Board games _ 32 (31,1 %)
No use - 11 (10,7 %)

20 40 60 80

Number of respondents

o

FIGURE 6. Distribution of game types used in biology instruction among surveyed students (n=104)
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These findings indicate that Internet-based games are the most widely used form of gamified learning in
biology education. The predominance of digital game formats may be explained by their accessibility,
flexibility, and compatibility with modern educational technologies. The results also demonstrate that
traditional game formats remain relevant, although to a lesser extent.

For the second question, 80.6% of students reported using various types of games during lessons, while
28.2% indicated that they actively design games in biology-related classes. However, 7.8% of respondents
stated that they have no knowledge of game-based learning methods (see Figure 7).

What do you know about the gamification of the game process?

Correct answers: 67 out of 104

use various types of .
games during lessons 83 (80,6 %)

design games in

biology-related classes 28I
have no knowledge 8(7,.8 %)
0 20 40 60 80 100
Number of respondents

FIGURE 7. Students' reported use and design of game-based learning activities in biology classes (n=104)

The results demonstrate that awareness of gamification among future biology teachers is relatively high.
However, the percentage of students who actively design educational games remains considerably lower.
This finding suggests that theoretical familiarity with gamification does not always translate into practical
implementation skills.

The third question revealed the following distribution of responses regarding where students acquired
educational game design skills (see Figure 8). Since respondents were able to select multiple options, the total
exceeds 100% (143.6%): 40.8% responded that they learned to design Internet-based games in biology-related
subjects; 29.1% learned it in the course “Pedagogy”; 58.2% learned it in the course “Methods of Teaching
Biology”; 15.5% of students noted that they had not yet acquired this skill.

In what lessons did you learn to create Internet games?

Correct answers: 30 out of 104

in biology/related )
sbioos (Y - -+

30 (29,1 %)
in the course of "Methods
ttescringvioiogy: NN -

16 (15,5 %)

in the course "Pedagogy”

not yet acquired

(=]
—
o

20 30 40 50 60 70
Number of respondents

FIGURE 8. Academic courses through which students acquired educational game-design skills (n=104)

337
VOLUME 6, No 3, 2026


https://doi.org/10.48161/qaj.v6n3a2567

QUBAHAN ACADEMIC JOURNAL
VOL. 6, NO. 3, August 2026
https://doi.org/10.48161/qaj.v6n3a2567

The responses to the fourth question were diverse. Students answered this question in their own words.
The open-ended format was used to assess students' genuine understanding and attitudes towards
gamification in their university learning. To ensure the reliability of the categorisation process, all open-
ended responses to Questions 4 and 5 were independently coded by two researchers (the first and second
authors). The coding scheme for Question 4 distinguished four categories: (1) responses demonstrating
knowledge of specific game names and internet platforms; (2) general responses describing gamification
without naming specific tools; (3) responses indicating no knowledge of educational games; and (4)
responses unrelated to the survey topic. Inter-rater agreement was calculated using Cohen's kappa
coefficient. For Question 4, initial agreement between the two coders was 88.5% (k = 0.84, indicating strong
agreement). For Question 5, inter-rater agreement was 91.3% (kx = 0.87, indicating strong agreement).
Discrepancies were resolved through discussion until full consensus was reached. The final categorised
responses are presented in Tables 1 and 2 below.

The findings suggest that the course “Methods of Teaching Biology” plays a particularly important role
in developing students’ competencies related to educational game design. This result highlights the
importance of integrating gamification-related activities into teacher education curricula.

Table 1. Categorized responses to Survey Question 4: Students' knowledge of educational games and
platforms (n=104)

Ne Group of responses Quantity %
1 i?;ffg;fn asnswers with knowledge of game names and Internet g (47.1%)
General answers without specifying game names 25 (24.0%)
Answers lacking knowledge of games 17 (16.3%)
Answers unrelated to the survey topic 13 (12.5%)

Notably, 16.3% of students were unable to name any specific games, and 12.5% provided responses that
were unrelated to the survey topic. The fifth survey question, “What types of games motivate you to acquire
knowledge?”, produced diverse and informative responses, as it invited students to reflect on their own
motivational preferences. Educational and quiz-based games were mentioned most frequently, followed by
role-playing games, simulations, and competitive game formats. These findings indicate that students
generally prefer game formats that combine active participation, knowledge acquisition, and immediate
feedback.

Table 2. Categorized responses to Survey Question 5: Game types that motivate students to acquire
knowledge (n=104)

Ne Group of responses Quantity %
1 Internet-based games 47 (45.2%)
2 Role-playing 40 (38.5%)
3 All games 10 (9.6%)
4 I do not know 7 (6.7%)

Internet-based games were identified as motivating by 45.2% of respondents, while 38.5% preferred role-
playing games. A further 9.6% expressed interest in all game types, and 6.7% indicated no particular
preference (see Table 2).

To examine whether responses differed significantly across student year groups, chi-square tests of
independence (x?) were performed on the three closed-ended survey items (Q1-Q3). The analysis compared
responses of Year 1 (n=43), Year 2 (n=11), Year 3 (n=25), and Year 4 (n=18) students whose year-group
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affiliation could be identified from registration data (n=97 out of 104). Survey item Q5 was an open-ended
question and was therefore excluded from inferential analysis; its responses were categorised descriptively
and reported in Table 2. Results of the chi-square analysis are presented in Table 3.

Table 3. Chi-square analysis of responses to closed-ended survey items by year group (n=97)

Year1l Year2 Year3 Year4d X2 , .
Survey Item (n=43) (n=11) (M=25) (n=18) (df=3) P Cramer’'V  Sig.
Ql: Use of Internet-based games inbiology 44 50, 7570,  84.0% 944% 19.69 <001 0.45 *k
instruction.
Q2: Students who design educational 5330 5450, 360% 27.8% 444 218 0.21 n.s.
games themselves.
Q3: Game design skills via Methods of 3750, 5450, 840% 889% 21.83 <001 047 wa

Teaching Biology.

Note. n.s. = not significant. Bold values indicate statistical significance. df = 3 for all tests. Cramer's V was calculated as a measure of
effect size. Values of 0.10, 0.30 and 0.50 indicate small, moderate and large effects, respectively.

Chi-square analysis revealed statistically significant differences across year groups for two survey items.
Seven respondents did not provide sufficient information about their year of study and were therefore
excluded from the chi-square analysis. Consequently, all inferential analyses were conducted using the data
of 97 participants. First, the proportion of students reporting the use of Internet-based games in biology
instruction increased markedly with year of study: from 44.2% among first-year students to 94.4% among
fourth-year students (x3(3) = 19.69, p <.001). This finding indicates that exposure to and integration of digital
gamification tools deepens progressively as students advance through the biology teacher education
curriculum. Second, the proportion of students who acquired educational game design skills through the
course “Methods of Teaching Biology” also increased significantly across year groups, from 37.2% in Year 1
to 88.9% in Year 4 (x3(3) = 21.83, p < .001), reflecting the placement of this course in the later years of the
program. No statistically significant differences were found for the proportion of students who actively
design educational games themselves (x?(3) = 4.44, p = .218), suggesting that self-reported game design
activity remains relatively stable regardless of year of study. Survey item Q5 was an open-ended question;
its descriptive results are reported in Table 2 and discussed in relation to motivational preferences.

V. DISCUSSION

The bibliometric analysis revealed a continuous and statistically consistent increase in scholarly
publications on gamification in biology education from 2017 (n=11) to 2024 (n=26), confirming that
gamification remains an active and expanding research direction in contemporary higher education. These
findings are consistent with previous bibliometric studies by Subhash and Cudney [8] and Zeybek and Sayg1
[13], who similarly documented growth in game-based learning and gamification publications over
comparable periods. The sustained upward trend in publication frequency suggests that the scholarly
community increasingly recognizes gamification as a significant pedagogical strategy, particularly in the
post-pandemic context of digital education transformation.

The keyword co-occurrence network constructed using VOSviewer [39] revealed four thematic clusters
that closely correspond to the competency areas identified in the student survey. Specifically, the cluster
centred on “gamification and curriculum-related terms” aligns with the survey finding that 58.2% of students
acquired game design skills through the course “Methods of Teaching Biology”, confirming the curricular
relevance of this thematic domain. Similarly, the cluster associated with “student engagement and game-
based learning” mirrors students’ strong preference for Internet-based and role-playing games as motivating
formats. The convergence between the bibliometric clusters identified via VOSviewer and the empirically
observed patterns in students’ perceptions suggests that the scholarly discourse on gamification is broadly
reflected in the practical experiences of future biology teachers. This alignment strengthens the internal
validity of the mixed-methods approach employed in the present study.
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The empirical survey demonstrated that future biology teachers generally hold positive attitudes toward
gamification: 80.6% reported familiarity with gamification concepts, and 67% identified Internet-based
games as the most frequently used format in biology instruction. These findings are consistent with Hamari
et al. [10], who reported that gamification positively influences student motivation, engagement, and
participation in learning activities, and with the meta-analysis by Sailer and Homner [11], which
demonstrated that gamification enhances cognitive, motivational, and behavioural learning outcomes. At
the national level, similar positive perceptions were reported by Tokzhigitova et al. [25] among Kazakhstani
students, confirming that the benefits of gamification are recognized across different educational contexts.
Chi-square analysis further revealed statistically significant differences in gamification awareness across
year groups (p <.001), indicating that exposure to gamification increases progressively over the course of the
biology teacher education programme.

A self-determination theory interpretation, despite high levels of familiarity with gamification, a
substantial gap was identified between students’ theoretical awareness and their practical skills in designing
and implementing educational games. This pattern is consistent with Dichev and Dicheva [1], who argued
that awareness of gamification does not necessarily translate into effective pedagogical implementation, as
successful integration requires methodological preparedness and pedagogical design skills. From the
perspective of Self-Determination Theory [14], this gap can be interpreted as a deficit in competence support
within the current curriculum: students have been exposed to gamification as a concept but have not yet
received sufficient need-supportive instruction to develop autonomous professional motivation and
practical design competence. SDT further predicts that without structured opportunities to experience
mastery (competence) and self-directed application (autonomy), students’ engagement with gamification
will remain at the level of controlled rather than intrinsic motivation, limiting its long-term integration into
their professional practice.

Institutional barriers to gamification implementation, several institutional factors may explain the
awareness-to-practice gap observed in this study. These include insufficient methodological preparation of
future teachers in educational game design, limited availability of digital educational resources, lack of
dedicated professional training in gamification within the curriculum, and varying levels of digital
competence among instructors. These barriers are not unique to Kazakhstan: similar constraints have been
documented in international higher education systems, where curriculum inertia and inadequate teacher
training infrastructure frequently impede the practical integration of innovative pedagogical approaches [1,
13]. Addressing these barriers in the Kazakhstani context will require targeted policy interventions,
including the systematic embedding of gamification competencies across all years of the biology teacher
education programme and institutional investment in digital infrastructure and faculty professional
development.

Novelty and scholarly contribution, the principal contribution of this study lies in the integration of
bibliometric analysis and empirical survey data within the specific context of biology teacher education — a
combination not previously reported in the literature. While prior studies have focused either on bibliometric
reviews of gamification trends or on classroom-based interventions, the present research provides a
comprehensive and converging perspective on both global research patterns and the practical realities of
future teachers in Kazakhstan. The use of VOSviewer to identify thematic clusters, combined with SDT-
grounded survey analysis, demonstrates that mixed-methods bibliometric designs can generate theoretically
coherent and practically actionable insights for curriculum development in teacher education.

This study has several limitations. First, the survey was conducted at a single university in Kazakhstan,
which limits the generalizability of the findings. Second, convenience sampling and unequal year-group
sizes may have influenced the results. Third, the study used a cross-sectional design and therefore cannot
establish causal relationships. Future studies should involve larger multi-institutional samples and
longitudinal research designs.
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VI. CONCLUSION

This study successfully achieved its stated objectives by combining two complementary research
methods. First, a bibliometric analysis of 144 publications indexed in Scopus, Web of Science, and PubMed
(2017-2024) was conducted, demonstrating a steady increase in scholarly interest in gamification in biology
education. Four key thematic clusters were identified: biology and computational topics, decision-making
and socialization, game theory and the learning process, and gamification and curriculum-related terms.
Second, an empirical survey of 104 undergraduate Biology teacher education students provided evidence-
based insights into their current levels of awareness and practical skills.

The survey results showed that future biology teachers generally demonstrate positive attitudes toward
gamification. Internet-based games were identified as the most frequently used type of educational game
(67%), while 80.6% of respondents reported familiarity with gamification concepts. In addition, 58.2% of
students indicated that they acquired educational game-design skills through the course “Methods of
Teaching Biology”. At the same time, the findings revealed a gap between students’ awareness of
gamification and their practical experience in designing and implementing educational games. This indicates
the need for greater integration of gamification-related competencies into biology teacher education
programs and for expanding opportunities for practical training in educational game design.

The novelty of this study lies in the integration of bibliometric analysis and empirical survey data,
providing a comprehensive overview of both global research trends and students’ perceptions of
gamification in biology teacher education. The findings may be useful for educators, curriculum developers,
and higher education institutions seeking to enhance student engagement through innovative teaching
approaches.

From a theoretical perspective, the findings of this study confirm the relevance of Self-Determination
Theory (SDT) as the guiding framework for understanding gamification in teacher education: students’
awareness and motivation are linked to the presence of game design elements that support the three basic
psychological needs autonomy, competence, and relatedness as identified by Ryan and Deci [14]. The gap
between awareness and practical implementation observed in this study is consistent with SDT’s distinction
between controlled and autonomous motivation: students who have only surface-level familiarity with
gamification have not yet internalized its professional value, suggesting the need for more need-supportive
instructional design in teacher training. From a policy perspective, the results suggest that higher education
institutions and curriculum developers should consider systematically embedding gamification
competencies across all years of the biology teacher education program, rather than concentrating them in a
single course. Institutional investment in digital infrastructure and professional development for educators
in educational game design is recommended. Future research should focus on evaluating the effectiveness
of gamification-based interventions in biology education and on developing evidence-based models for
integrating gamification into teacher training programs. The practical significance of this study lies in its
potential to support curriculum developers and teacher education programs. The findings suggest that
systematic integration of gamification competencies can contribute to the development of future biology
teachers' digital, pedagogical, and professional skills.
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APPENDIX A
Survey Questionnaire
Gamification in Biology Teacher Education: Bibliometric Analysis and Student Perceptions
The questionnaire consisted of five items. The original Kazakh/Russian wording is presented below
together with an English translation. Questions 1-3 allowed selection from predefined response options
(including multiple selections where applicable). Questions 4 and 5 were open-ended and respondents
answered in their own words.
Question 1
Original wording: Oky rporiecinis reiiMupuUKanusace TypaAasl He Oisecis?
English translation: What do you know about gamification in the learning process?
Response options:
e Cabakrapaa oibiHAapAH Koa4aHy: Use of games in lessons
o C(Cabakrapga oibiHAap KypacTeipy: Designing/creating games in lessons

343
VOLUME 6, No 3, 2026


https://doi.org/10.48161/qaj.v6n3a2567

QUBAHAN ACADEMIC JOURNAL
VOL. 6, NO. 3, August 2026
https://doi.org/10.48161/qaj.v6n3a2567

¢ biamerimin: I do not know
Question 2
Original wording: Kaxue urps! yaiiie Bcero ncroAp3yioTcs B IIperiojaBaHny 61oaormum?
English translation: Which games are most often used in biology teaching?
Response options:

e luTepHer oltbiHAAPSHL: Internet-based games

e Peagaik onteiHaap: Role-playing games

e Ycrea oribiHAApH: Board games

o Koaaausiamariast / He ucrioassyercs: Not used
Question 3
Original wording: Ci3 kaHaaii cabakrapga VIHTepHeT olibIHAQPBIH KYPYABl YIIPeHAiHi3?
English translation: In which courses/classes did you learn to create Internet-based educational games?
Response options:

¢ buoaorusaasik naHgep OorisiHmIa: Biology-related subjects

¢ [Ileaarormkaga: Pedagogy

¢ buoaorusHsr okpITy aaicTeMecinge: Methods of Teaching Biology

¢ OkpIThLaFaH XOK: | have not been taught this
Question 4
Original wording: Myraaimaep cabakra reiiMmuduKansIHEIH KaHAAN 91eMeHTTepiH XX1i aligadaHaAbI?
English translation: Which gamification elements do teachers most often use in class?
Response format: Open-ended response (respondents answered in their own words).
Question 5
Original wording: Kanaaii oiisrHAap cizai 6iaiM aayFa sIHTaaaHABIPaABI?
English translation: What types of games motivate you to acquire knowledge / learn?
Response format: Open-ended response (respondents answered in their own words).

Note. The questionnaire was administered online using Google Forms. The wording above is based on the
original questionnaire export used for the study.
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