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Abstract
This study reviews the literature on board games for 
collaborative learning in science education, analysing 
76 articles from 2000 to 2024. It examines research 
methodologies, data collection tools, sample sizes, 
and data analysis methods, focusing on subject areas 
and types of board games used. Key findings reveal 
a predominance of physical (paper-based) board 
games. Research methodologies were primarily 
quantitative, with descriptive analysis being the most 
common approach, typically employing varied sample 
sizes (median 48.5 participants). Evidence suggests 
that board games can enhance scientific knowledge 
acquisition, improve student engagement, and foster 
collaborative skills. However, the review identifies 
critical limitations in the existing literature, including 
a prevalence of small sample sizes, a lack of long-
term effectiveness studies, and insufficient focus on 
specific game mechanisms. Future research should 
prioritise investigating game mechanisms, explicitly 
measuring collaborative learning outcomes, improv-
ing methodological rigour, and assessing long-term 
impacts on knowledge retention.

K E Y W O R D S
board games, collaborative learning, science education

INTRODUCTION

Board games have emerged as a promising tool for enhancing science education, tran-
scending their traditional role as purely recreational activities (Kuo & Hsu, 2020) and foster-
ing a more engaging and interactive learning experience in both physical and digital formats 
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(Lin & Hou, 2024a; Othman & Sim, 2024; Surapaneni, 2024). Their capacity to seamlessly 
integrate learning elements with the inherent fun and competitive nature of games pro-
motes deeper engagement, making them ideal for enhancing science education (Othman 
& Sim, 2024).

One compelling reason to utilise board games in science education is their poten-
tial to foster collaborative learning, a fundamental skill for scientific literacy (Teixeira & 
Vasconcelos, 2024). Science education inherently benefits from teamwork, as collaborative 
inquiry, problem-solving, and effective communication are essential components of scien-
tific literacy (Cheng et al., 2024). Board games often necessitate players to work together, 
negotiate strategies, and share knowledge to achieve a common goal, suggesting they 
could be valuable tools for cultivating critical science learning skills.

While studies across various subjects demonstrate the potential of board games to 
enhance learning (Arboleya-García & Miralles, 2022; Chang et al., 2022), their effective-
ness in fostering both collaborative learning and supporting science learning outcomes 
remains an area of active research (Kalogiannakis et al., 2021; Kuo & Hsu, 2020; Lin & 
Hou, 2024a; Othman & Sim, 2024). This has led to increased research focused on ex-
amining the effectiveness of board games in this domain (Küçükşen Öner et al., 2024; 
Othman & Sim, 2024), particularly digital game-based learning (Khattib & Alt, 2024; Lin 
& Hou, 2024a). Some studies have shown positive outcomes, such as improved learning 
and positive attitudes towards collaboration (Surapaneni, 2024). However, others have 
indicated that collaborative groups might not always achieve optimal learning results de-
spite increased motivation (Lin & Hou, 2024a). This ambiguity underscores the need for 
further investigation into how board game design elements and implementation strate-
gies can be optimised to maximise the benefits of collaborative learning outcomes in 
classrooms.

Collaborative learning environments are increasingly valued in science classrooms, pro-
moting student interaction, shared discoveries, and active knowledge construction (Long 
et al., 2024; Yan et al., 2024). Board games, with their emphasis on communication and 

Context and implications

Rationale for this study: This systematic review addresses a gap by synthesising 
empirical evidence on board games for collaborative learning in science education, 
providing a comprehensive overview of existing research.
Why the new findings matter: Our findings quantify board games' positive impacts 
on science knowledge, engagement, and collaborative skills, while identifying meth-
odological gaps and crucial future research directions.
Implications for educational institutions, policymakers, educators and learn-
ers: This review highlights effective practices for integrating board games into sci-
ence education, guiding the creation of more engaging and impactful collaborative 
learning experiences. For researchers: It identifies critical gaps in the literature, 
emphasising the need for studies on specific game mechanisms, long-term effec-
tiveness, enhanced methodological rigour (e.g. control groups, inferential statistics), 
and exploration across diverse populations and digital technologies. This provides 
a roadmap for future investigations to deepen our understanding and optimise the 
integration of board games.
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collaboration, have the potential to address these needs and contribute to the development 
of scientific literacy (Barrett & Westlin, 2021).

This systematic literature review aims to address this critical gap by investigating 
the effectiveness of board games in science education. For the purposes of this re-
view, ‘science education’ serves as a broad umbrella term encompassing general or 
interdisciplinary science contexts, as well as specific core scientific disciplines such as 
Biology, Chemistry and Physics. We also include studies situated within STEM (Science, 
Technology, Engineering, and Mathematics) education, provided their primary pedagog-
ical focus or investigated learning outcomes are clearly related to the scientific compo-
nent or scientific inquiry. This review will identify potential areas for future investigation by 
critically examining existing research methodologies, data collection tools, and sample 
sizes in past studies. Additionally, exploring the types of board games used and their ef-
fectiveness in different science subject areas will provide valuable insights for research-
ers and educators seeking to integrate board games into science curricula across diverse 
educational settings.

This study aims to answer the following overarching research questions:

RQ1.  What are the characteristics of the studies investigating the effectiveness 
of board games in science education?

RQ1a.  What research methodologies are most commonly employed in studies 
exploring the use of board games for collaborative learning in science education?

RQ1b.  What data collection tools are frequently used in these studies?

RQ1c.  What are the typical sample sizes employed in research on board games 
and collaborative learning within science education?

RQ1d.  What data analysis methods are predominantly utilised in this research 
area?

RQ2.  What are the main subject areas and specific topics within science edu-
cation where board games are used for collaborative learning, and what impacts 
do they have?

RQ2a.  What are the main subject areas where board games are implemented 
for collaborative learning in science education?

RQ2b.  What specific science topics are addressed in these studies utilising 
board games for collaborative learning?

RQ2c.  What types of board games are used in research on board games and 
collaborative learning in science education?

RQ2d.  What are the impacts of board games in collaborative science education?

The following section outlines our methodology for conducting the literature review. We 
subsequently present our results in response to the research questions. Next, a discussion 
section addresses our two overarching research questions. Finally, we conclude our review 
and provide suggestions for future works.
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REVIEW OF LITERATURE

Science education

Effective science education equips individuals with the knowledge, skills and attitudes to un-
derstand and engage with the natural world (Rosenberg et al., 2022). It emphasises inquiry-
based learning, where students actively investigate phenomena, formulate hypotheses, 
collect and analyse data, and draw evidence-based conclusions. This approach fosters sci-
entific literacy, enabling individuals to understand scientific concepts, apply scientific knowl-
edge to real-world problems, and engage in informed discussions about science-related 
issues. Furthermore, developing 21st-century skills such as critical thinking, problem-
solving, creativity, and collaboration is crucial for success in science and life.

Teachers play a pivotal role in creating engaging and effective learning experiences. They 
guide students through scientific investigations, facilitate discussions, and provide support in 
developing conceptual understanding (Haridza & Ding, 2024; Sutiani, 2021). Effective communi-
cation between teachers and students is essential for fostering a dynamic learning environment. 
Teachers contribute scientific knowledge to the classroom, supporting students in developing 
conceptual understanding through investigations and evidence-based reasoning (Antonio & 
Prudente, 2021). Students, in turn, actively engage with scientific skills and strive to construct 
their understanding of scientific concepts. Additionally, students must articulate scientific ideas 
using the language of science within the science classroom (Barrett & Westlin, 2021).

Board games, with their interactive and engaging nature, have the potential to align with 
these key principles of science education. By incorporating game-based learning, educa-
tors can create dynamic learning environments that foster active engagement, collaborative 
problem-solving, and the development of essential 21st-century skills.

Collaborative learning

Collaborative learning, a pedagogical approach that fosters student interaction and active knowl-
edge construction, has gained prominence in contemporary educational settings (Tsai et al., 2021). It 
involves small groups of students working together to achieve common learning goals (Vuorenmaa 
et al., 2024; Zheng et al., 2023), particularly through discovery-based methods (Saif et al., 2021). 
Teachers play a crucial role in creating activities that facilitate learning experiences and promote 
effective collaboration among students (Dragnić-Cindrić et al., 2024; Li et al., 2024).

Technological advancements have significantly expanded the possibilities for collabora-
tive learning, especially within digital environments. Electronic devices and wireless commu-
nication technologies have become integral in facilitating student engagement and fostering 
collaboration within these processes (Tlili et al., 2022; Yoon & Khambari, 2022), enabling 
students to share resources, communicate, and collaborate on projects in real-time, foster-
ing engagement and knowledge acquisition. This technological integration is particularly 
relevant to game-based learning, where digital board games, with their interactive and en-
gaging mechanics, offer innovative opportunities for collaborative problem-solving, team-
work, and critical thinking (Asakle & Barak, 2022; Yu et al., 2022).

Board games and collaborative learning in science education

Board games are typically defined as tabletop games that involve playing pieces, cards, and 
often dice on a designated surface, governed by a set of rules (Gennari et al., 2019a). Unlike 
video games, board games typically involve physical components and require face-to-face 
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interaction, although digital adaptations exist that retain the core board-game mechanics (as 
further defined in Section 3.2). While board games have traditionally served entertainment 
purposes, their interactive and engaging nature makes them particularly attractive for edu-
cational settings, including science education (Musick et al., 2021; Othman & Sim, 2024). 
For this review, we focus specifically on board games utilised for educational purposes.

Well-designed board games can foster a collaborative learning process by promoting 
teamwork, communication, and information-sharing among players (Othman & Sim, 2024; 
Tyo & McCurry,  2021). Board games encourage students to actively participate, share 
ideas, and construct knowledge through collaborative inquiry. Studies have shown that 
board games can enhance investigative and decision-making skills (Lin & Hou, 2024b; Tsai 
et al., 2021), which is crucial for scientific inquiry. Furthermore, board games can encourage 
healthy competition, fostering a positive attitude towards learning from both success and 
failure (Lala & Mentz, 2022).

Beyond their mere presence as educational tools, the specific mechanisms embedded 
within board games are considered crucial drivers of learning. Game mechanisms refer to the 
rules and systems that govern player interaction and progression, such as cooperative play, 
competitive scoring, resource management, negotiation, role-playing, and problem-solving 
challenges (e.g. Deterding et al., 2011; Huizinga, 1971). These mechanisms directly influence 
the cognitive processes engaged, the nature of social interaction, and the types of skills de-
veloped during gameplay. For instance, cooperative mechanisms can explicitly promote team-
work and shared decision-making, while strategic resource management can enhance critical 
thinking and planning. Understanding these underlying mechanisms is crucial for designing 
effective educational games and accurately interpreting their impact on learning outcomes.

This integration of collaborative learning and game mechanics aligns perfectly with the 
growing emphasis on student-centred learning in science education (Othman & Sim, 2024). 
Collaborative learning environments in science classrooms encourage students to collabo-
rate, share discoveries, and construct knowledge through active participation (Saif et al., 2021; 
Yan et al.,  2024). By providing a structured yet engaging platform for collaboration, board 
games can effectively support the development of 21st-century skills, such as critical thinking, 
problem-solving, and communication, within the context of science education.

However, it is essential to acknowledge that board games may have limitations in science 
education. The content covered by a single game may be restricted, and utilising board 
games effectively in large classrooms can pose challenges. Furthermore, different types 
of board games (cooperative vs. competitive) can be utilised to encourage collaborative 
learning. Subsequent research can investigate the efficiency of various board game designs 
in fostering specific science learning objectives within collaborative learning environments.

METHODS

This systematic literature review followed the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) guidelines (Page et  al.,  2021) to ensure a rigor-
ous and transparent process. Our methodology involved five key stages: defining research 
questions, establishing eligibility criteria, developing a search strategy, selecting studies, 
and extracting and coding data.

Search strategy

We conducted a comprehensive search across five electronic databases: Scopus, Web of 
Science, Education Resources Information Centre (ERIC), IEEE Xplore, and ScienceDirect. 
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These databases were chosen for their extensive coverage of educational research, sci-
ence, technology, and interdisciplinary studies. The search was conducted in English, ar-
ticles published between 2000 and 2024. The emergence of digital resources in the early 
2000s marked a turning point for educational board games. The widespread adoption of 
digital technologies in education coincided with the development of digital board games, 
facilitating a shift from traditional board games to digital platforms. This shift expanded the 
possibilities for collaborative learning in science education.

Our search strings were developed using keywords derived from our research ques-
tions, focusing on three core concepts: ‘board games’, ‘collaborative learning’, and ‘sci-
ence education.’ We used a combination of Boolean operators (AND, OR) and truncation 
symbols (*) to broaden the search and capture variations of terms. It is important to 
note that the complexity and structure of search strings were meticulously tailored to 
the specific capabilities and limitations of each database. For instance, databases like 
ScienceDirect may impose restrictions on the number of Boolean operators (e.g. a limit 
of eight) or have varying support for wildcard characters (*). Other platforms, such as 
ERIC and ACM Digital Library, might offer more simplified search interfaces with limited 
options for complex nested queries or specific field targeting beyond basic keywords. 
This tailoring ensured that the most effective and permissible search was executed 
within each platform to maximise relevant results. Below are the specific search strings 
used for each database:

•	 Scopus: (‘board game*’ OR ‘educational game*’ OR ‘serious game*’ OR ‘game-based 
learning’) AND (‘collaborative learning’ OR ‘cooperative learning’) AND (‘science’ OR ‘bi-
ology ‘OR ‘chemistry’ OR ‘physics’ OR ‘STEM’ OR ‘scientific literacy’)

•	 Web of Science: TITLE = Physical Board Games OR Digital Board Games OR ‘Science 
education’ AND ‘Collaborative’

•	 ERIC: ‘board games’ AND ‘collaborative learning’ AND ‘science education’
•	 IEEE Xplore: (‘board game*’ OR ‘educational game*’ OR ‘serious game*’ OR ‘game-

based learning’) AND (‘collaborative learning’ OR ‘cooperative learning’) AND (‘science’ 
OR ‘biology OR ‘chemistry’ OR ‘physics’ OR ‘STEM OR ‘scientific literacy’)

•	 ScienceDirect: ‘board games’, digital, physical, ‘collaborative learning’, AND (‘science’ OR 
‘biology ‘OR ‘chemistry’ OR ‘physics’ OR ‘STEM’)

•	 ACM Digital Library: ‘board games’ AND ‘science education’

Eligibility criteria

We established clear inclusion and exclusion criteria to ensure the relevance and quality of 
the selected studies.

Inclusion criteria

•	 Studies focusing on empirical research, including–but not limited to–randomised con-
trolled trials (RCTs), quasi-experimental designs, observational studies with a clear inter-
vention group and control group, mixed-methods, and qualitative studies.

•	 Studies investigating the use of paper-based or digital board games as a primary intervention.
•	 Studies specifically exploring collaborative learning aspects or outcomes.
•	 Studies conducted within science education. This domain was interpreted broadly to include:

•	 General or Interdisciplinary Science: Studies focusing on broad scientific concepts, 
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scientific inquiry, or integrated science curricula not confined to a single traditional 
discipline.
•	 Specific Core Science Disciplines: Research explicitly focused on Biology, Chemistry, 

or Physics education.
•	 STEM Education: Studies situated in STEM contexts where the primary pedagog-

ical objective or learning outcome was clearly linked to the ‘Science’ component 
(e.g. scientific knowledge acquisition, scientific reasoning, or science-specific 
problem-solving).

•	 Studies conducted in formal educational settings, such as primary and secondary schools, 
universities, and structured after-school programmes directly affiliated with or designed 
as extensions of formal curricula. This excludes informal learning environments, such as 
general community clubs (e.g. YWCA, 4-H) or recreational summer camps not explicitly 
linked to an educational institution's curriculum.

•	 Studies published in English.
•	 Full-text articles available.
•	 Studies reporting on quantitative or qualitative outcomes related to collaborative learning, 

student engagement, learning outcomes, and other relevant educational outcomes.

Exclusion criteria

•	 Theoretical papers, reviews, meta-analyses, or editorials.
•	 Studies not involving both board games and collaborative learning.
•	 Studies not related to science education (i.e. those focusing exclusively on technology, 

engineering, or mathematics without a significant science component).
•	 Studies focusing on video games, serious games, or other digital games that do not clearly 

fit the characteristics of a board game (e.g. complex simulations or role-playing games 
without board-game mechanics).

•	 Studies focusing solely on individual learning without any collaborative component.
•	 Studies not published in peer-reviewed journals.

Study selection process

The study selection process followed the PRISMA guidelines (Page et al., 2021) and is sum-
marised in Figure 1 (PRISMA Flow Diagram).

Identification phase

Our initial comprehensive search across five electronic databases (Scopus, Web of Science, 
ERIC, IEEE Xplore, and ScienceDirect) yielded a total of 656 records. Specifically, these 
databases were: Scopus (n = 214), Web of Science (n = 80), ERIC (n = 206), IEEE Xplore 
(n = 78), and ScienceDirect (n = 47). An additional 163 records were identified as repetitions 
of article titles and were subsequently removed.

Screening phase

After removing duplicates, a total of 493 unique records remained. These records underwent 
a preliminary screening for general conditions. Forty-three articles were excluded because 
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they did not have an English version, and 51 articles were excluded due to a lack of ac-
cess permission (e.g. paywall). This initial screening left 399 selected articles for the next 
stage. Two independent reviewers screened the titles and abstracts of all identified studies. 
Disagreements between reviewers were resolved through discussion or consultation with a 
third reviewer.

Eligibility phase

The 399 selected articles proceeded to detailed screening by title and abstract. At this 
stage, 139 articles were excluded because their headings and abstracts did not match the 
predefined eligibility criteria. The remaining 260 articles then underwent full-text screening 
for content by two independent reviewers. During this rigorous content filter, a substantial 
number of articles (184) were excluded because their primary focus did not align with 
‘Board Games, Science, Physics, Biology & STEM’ as required by our inclusion criteria.

Included phase

Following this comprehensive screening and eligibility assessment, a final total of 76 articles 
met all inclusion criteria and were selected for full data extraction and synthesis in this sys-
tematic review (Appendix A for the final list of articles).

Inter-rater reliability

Title and abstract screening

Two independent reviewers conducted the initial screening of titles and abstracts for the 399 
unique records. All disagreements between reviewers were resolved through discussion 

F I G U R E  1   Flow diagram detailing the application of PRISMA to studies published between 2000 and 2024.

 20496613, 2025, 3, D
ow

nloaded from
 https://bera-journals.onlinelibrary.w

iley.com
/doi/10.1002/rev3.70107 by N

ational Institutes O
f H

ealth M
alaysia, W

iley O
nline L

ibrary on [01/09/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



       |  9 of 53BOARD GAMES FOR COLLABORATIVE SCIENCE LEARNING

and consensus, with consultation from a third reviewer when necessary. This rigorous 
consensus-based approach was implemented to ensure alignment with the general condi-
tions and preliminary eligibility criteria.

Full-text screening

The 260 articles that proceeded to detailed full-text screening underwent independent 
review by two reviewers. Inter-rater reliability for this stage was formally calculated using 
Cohen's Kappa, yielding a coefficient of 0.876. This value indicates substantial agreement 
between the reviewers (Landis & Koch, 1977), affirming the consistency of the application of 
our rigorous content filter. Discrepancies identified during this phase were resolved through 
discussion and consensus between the two reviewers, with a third reviewer consulted for 
final arbitration if needed.

Data extraction

One reviewer primarily performed data extraction from the 76 included articles to maintain 
consistency in interpretation. To ensure accuracy and minimise errors, a second reviewer inde-
pendently cross-checked 100% of the extracted data against the original articles. Any discrep-
ancies identified during this verification process were discussed between the two reviewers 
and resolved by consensus. While a formal inter-coder reliability coefficient was not calculated, 
this systematic verification process served as a robust quality control measure for data integrity.

Data extraction and coding

A standardised data extraction form (see Appendix B) was developed collaboratively by the 
research team and pilot-tested on a small subset of articles to ensure its comprehensive-
ness and clarity. This form was directly guided by our research questions (RQ1 and RQ2) 
to ensure all relevant information needed to answer them was systematically captured. Two 
independent reviewers extracted data from the final set of included articles. To facilitate 
consistent assessment during data extraction, screening questions adapted from the Mixed 
Methods Appraisal Tool (MMAT) (Hong et al., 2018) were utilised to guide the evaluation 
of methodological aspects, such as the clarity of research questions and the alignment of 
collected data with those questions. Any discrepancies encountered during data extraction 
were discussed and resolved to achieve a complete agreement.

The following data points were extracted for each study:

•	 General information: Authors, publication year, country, educational level (e.g. primary, 
secondary, higher education).

•	 Methodological characteristics (for RQ1): Research design (e.g. quasi-experimental, ex-
perimental, mixed-methods, qualitative case study), data collection tools (e.g. surveys, 
interviews, observations, pre-/post-tests), sample size, and data analysis methods.

•	 Board game characteristics (for RQ2c): Type of board game (paper-based, digital), game 
title (if specified): To ensure clarity and consistency in categorisation, especially regard-
ing digital formats, during data extraction, various forms of digital games were consis-
tently grouped under the umbrella of ‘Digital Board Games’. This category encompassed 
computer-assisted games, web-based applications, mobile applications (e.g. Android-
system-based), virtual simulations, and augmented reality (AR) based implementations, 
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10 of 53  |      OTHMAN et al.

provided they maintained core board-game-like characteristics such as turn-based play, 
distinct game pieces/avatars, and a defined playing area or interface that emulated a 
board game experience. This unified classification helped to distinguish these digital ad-
aptations from other forms of digital games or simulations not directly modelled after tra-
ditional board game structures.

•	 Subject area and topics (for RQ2a & RQ2b):
•	 For the ‘Main Subject/Subject Area’ characteristic, studies were categorised based on 

their primary disciplinary focus or educational context. The categories employed were:
•	 Science (general/interdisciplinary): For studies that addressed science education 

broadly, did not focus on a single specific discipline, or integrated concepts across 
multiple sciences (e.g. environmental science, primary science, scientific inquiry 
skills not tied to one discipline).

•	 Biology: For studies explicitly focused on biological concepts (e.g. genetics, ecology).
•	 Chemistry: For studies explicitly focused on chemical concepts (e.g. periodic table, 

organic chemistry).
•	 Physics: For studies explicitly focused on physics concepts (e.g. mechanics, 

electricity).
•	 STEM: For studies conducted within a broader STEM education framework where the 

‘Science’ component was central to the research, aligning with our inclusion criteria.
•	 Specific scientific topics addressed within the game (e.g. cell biology, climate change, 

chemical reactions).
•	 Reported impacts (for RQ2d): Observed outcomes or effects of board game use on col-

laborative learning and science learning, including both positive effects and identified 
limitations.

Data analysis

The extracted data were analysed using a combination of quantitative and qualitative meth-
ods to address the research questions:

Quantitative analysis

For characteristics such as research designs, data collection tools, sample sizes, board 
game types, and subject areas (RQ1a–d, RQ2a–c), we used descriptive statistics (frequen-
cies and percentages). This involved counting occurrences of each category and calculating 
their proportion within the total set of included studies.

Qualitative content analysis

To synthesise the reported impacts of board games (RQ2d), we employed a qualita-
tive content analysis approach. The extracted descriptions of impacts were thoroughly 
read, and initial codes were generated to capture recurring themes and outcomes. These 
codes were then grouped into broader categories based on their conceptual similarity 
(e.g. improved knowledge, enhanced engagement, development of collaborative skills, 
challenges). The frequency of these emergent themes was then tallied to provide a quan-
titative overview of the qualitative findings. This process allowed us to identify dominant 
trends and nuances in the reported effects of board games on collaborative science 
learning.
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RESULTS

This section presents the findings from the systematic review, organised according to the re-
search questions (RQ1 and RQ2). A total of 76 studies met the predefined eligibility criteria 
and were included in the final synthesis.

Characteristics of included studies (RQ1)

This subsection examines the characteristics of studies investigating the effectiveness of 
board games in science education, including research methodologies, data collection tools, 
typical sample sizes, and data analysis methods.

Research methodologies (RQ1a)

Across the 76 included studies, various research methodologies were employed. 
Quantitative designs were the most prevalent, with 43 studies (56.58%) primarily 
employing a quantitative approach. This included True Experimental designs (n = 7, 
9.21%), Quasi-experimental designs (n = 4, 5.26%), Non-experimental designs (n = 17, 
22.37%), and general/unspecified quantitative studies (n = 15, 19.74%). Qualitative de-
signs were used in 23 studies (30.26%), encompassing various qualitative methods 
including case studies. Mixed-methods approaches, combining both quantitative and 
qualitative methods, were adopted by 10 studies (13.16%). (A detailed breakdown can 
be found in Table 1).

Data collection methods (RQ1b)

For data collection, pre- and post-tests were the most frequently utilised instruments, em-
ployed in 26 studies (34.21%). Questionnaires were also highly common, appearing in 23 
studies (30.26%), often complemented by Surveys (n = 9, 11.84%). Qualitative data were 

TA B L E  1   Distribution of research methodologies.

Methodology category Specific type
Number of studies 
(n = 76) Percentage (%)

Quantitative True experimental 7 9.21

Quasi-experimental 4 5.26

Non-experimental 17 22.37

General/unspecified 
quantitative

15 19.74

Subtotal quantitative 43 56.58

Qualitative Case study 4 5.26

General/unspecified 
qualitative

18 23.68

Subtotal qualitative 22 28.95

Mixed-methods Quantitative and qualitative 10 13.16

Total studies 76 100.00
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12 of 53  |      OTHMAN et al.

frequently collected through Interviews (n = 20, 26.32%), including semi-structured and 
focus groups, as well as Observations (n = 15, 19.74%). Other tools included written records 
(n = 2), checklists (n = 2), rubrics (n = 2), and single instances of diagnostic tests, ratings, 
fieldwork activities, email questionnaires, design artefacts, photo-voice methodology, and 
conceptual tests. A comprehensive list is provided in Table 2.

Typical sample sizes (RQ1c)

The sample sizes across the 76 studies varied considerably, ranging from a minimum of 
three participants (ID 8) to a maximum of 697 participants (ID 2, combining government and 
private school students). Based on the 56 studies with explicit numerical sample sizes, the 
median sample size was approximately 48.5 participants. The majority of studies involved 
between 10 and 150 participants (see Table 3 for a distribution of sample sizes).

TA B L E  2   Distribution of data collection tools.

Data collection tool Number of studies (n = 76)

Pre-test 26

Post-test 26

Questionnaires 23

Interviews (including focus groups) 20

Observations 15

Surveys 9

Written records 2

Checklists 2

Rubrics 2

Photo-voice methodology 2

Conceptual test 1

Diagnostic test 1

Ratings 1

Fieldwork activity 1

Email questionnaire 1

Design artefacts/documentation 1

Note: Some studies utilised multiple data collection tools; hence, the sum of counts exceeds the total number of studies (76).

TA B L E  3   Summary of sample sizes in included studies.

Statistic Value

Minimum sample size 3

Maximum sample size 697

Median sample size (for n = 56 studies with explicit numbers) 48.5

Range 3–697

Note: Sample sizes were extracted from 56 studies where explicit numerical values were provided. Other studies used 
qualitative descriptors (e.g. ‘high school students’, ‘young learners’), and thus could not be included in the numerical median 
calculation.
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       |  13 of 53BOARD GAMES FOR COLLABORATIVE SCIENCE LEARNING

Data analysis methods (RQ1d)

In terms of data analysis, descriptive statistics (including frequencies, percentages, means, 
standard deviations, and scores) were applied in almost all studies, with 60 studies (78.95%) 
utilising them. For quantitative data, inferential statistics (such as t-tests, ANOVA, ANCOVA, 
correlations, and regression analysis) were utilised in 14 studies (18.42%). For qualitative 
data components, Content analysis and Descriptive qualitative analysis were commonly 
employed, present in 34 studies (44.74%) that used qualitative data collection methods. (A 
detailed overview of data analysis methods is presented in Table 4).

Subject areas, specific topics, game types, and impacts (RQ2)

This subsection addresses the main subject areas and specific topics in science education 
where board games are used for collaborative learning, the types of games employed, and 
their reported impacts.

Main subject areas (RQ2a)

Our analysis of the 76 included studies revealed that General or Interdisciplinary Science 
was the most frequently studied subject area, accounting for 31 studies (40.79%). This cat-
egory encompassed research focusing on broad scientific concepts, scientific inquiry skills, 
or integrated science curricula not specific to a single core discipline (e.g. environmental 
problems, climate change, scientific literacy, natural science).

Among the specific core scientific disciplines, Chemistry education was most prevalent, 
featured in 16 studies (21.05%). This was followed closely by Biology, at 15 studies (19.74%), 
and Physics, at 10 studies (13.16%).

Studies explicitly categorised under STEM education constituted four studies (5.26%) of 
the primary subject areas, predominantly investigating the science component within broader 
STEM frameworks (e.g. problem-solving skills in STEM, construction/engineering concepts 
with a science link). (See Figure 2 for a visual representation of subject area distribution.).

Specific science topics (RQ2b)

Beyond the overarching subject areas, specific scientific topics frequently addressed by 
board games for collaborative learning across the 76 studies included environmental is-
sues (e.g. climate change, pollution, environmental awareness, biodiversity, sustainability), 
which appeared as a primary focus in 17 ‘General Science’ studies. Within Biology, topics 
such as cell and molecular biology, human anatomy, diseases (e.g. COVID-19, taeniasis), 
and ecosystems were common. In Chemistry, the topics of periodic table, chemical ele-
ments, organic chemistry reactions, and mole calculations were prominent. Physics studies 

TA B L E  4   Distribution of data analysis methods.

Data analysis method Number of studies (n = 76) Percentage (%)

Descriptive statistics 60 78.95

Qualitative analysis (content/thematic/descriptive) 34 44.74

Inferential statistics 14 18.42

Note: Studies often employed more than one data analysis method, hence the sum of percentages exceeds 100%.
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14 of 53  |      OTHMAN et al.

often concentrated on energy efficiency, the solar system/astronomy, waves, electricity, and 
quantum science.

Types of board games (RQ2c)

Regarding the type of board games utilised across the 76 included studies, physical board 
games were the dominant format, identified in 53 studies (69.74%). Digital board games 
were used in 23 studies (30.26%), encompassing various forms, such as web-based, virtual, 
AR-based mobile, Android system-based, and computer-assisted games.

Reported impacts of board games on collaborative science education 
(RQ2d)

The analysis of the 76 included studies revealed a consistent range of reported positive 
impacts of board games on collaborative learning and science education outcomes, along-
side some identified limitations. These impacts can be broadly categorised into three main 
themes: Enhanced Learning and Conceptual Understanding, Improved Engagement and 
Attitudes, and Development of Collaborative and Other Skills.

Enhanced learning and conceptual understanding
A significant majority of studies reported that board games contributed positively to stu-
dents' understanding of scientific concepts and knowledge retention. This was evidenced 
by improvements in test scores, higher exam grades, and qualitative indications of deeper 
conceptual understanding. This impact was reported in 34 studies (44.74%) (e.g. ID 2, 7, 8, 
14, 16, 18, 20, 23, 26, 31, 33, 37, 39, 40, 42, 45, 47, 49, 50, 51, 52, 54, 55, 56, 57, 59, 62, 66, 
70, 71, 72, 74, 75, 76). Collaborative gameplay often facilitated peer-to-peer explanations 
and the active construction of knowledge, particularly in complex topics such as molecular 
biology, chemistry concepts, and physics principles.

Improved engagement, motivation, and attitudes
Board games consistently emerged as highly motivating and engaging tools in science edu-
cation. This impact was noted in 27 studies (35.53%) (e.g. ID 4, 5, 6, 7, 12, 17, 22, 29, 32, 35, 
37, 42, 44, 45, 46, 47, 57, 59, 60, 62, 63, 65, 67, 68, 69, 72, 75). This enhanced motivation 
was attributed to the games' intrinsic appeal, competitive elements, and the inherent social 
nature of collaborative play. Some studies specifically highlighted positive emotional shifts 
during the learning process (ID 32, 72).

F I G U R E  2   Distribution of main subject areas in studies.
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       |  15 of 53BOARD GAMES FOR COLLABORATIVE SCIENCE LEARNING

Development of collaborative and other skills
A substantial number of studies highlighted the role of board games in fostering essential 
collaborative and transferable skills. This impact was reported in 13 studies (17.11%) (e.g. ID 
10, 11, 27, 30, 36, 46, 48, 53, 55, 61, 69, 73, 75). These included improvements in communi-
cation, teamwork, problem-solving in groups, negotiation, critical thinking, system thinking, 
and, in the case of pre-service teachers, pedagogical content knowledge.

Challenges and limitations
Although positive impacts were prevalent, the included studies consistently reported vari-
ous challenges and limitations, providing valuable insights for future research and prac-
tice. These primarily included issues related to game design and implementation, such as 
overly complex game rules (ID 23), game mechanics being harder to grasp than content (ID 
20), difficulties in balancing competition with collaboration (ID 11), challenges in integrating 
games with existing curricula (ID 21, 65), and the need for careful design refinement (ID 30). 
Methodological limitations of the studies were also common, including reliance on qualita-
tive analysis only (ID 14, 37, 67, 68, 71), small sample sizes (e.g. ID 5, 8, 19, 25, 26, 35, 42, 
63), lack of control groups (ID 54), short intervention durations and absence of long-term re-
tention evaluations (ID 6, 9, 15, 23, 41, 45, 56), and not assessing baseline emotional states 
(ID 32, 73). Furthermore, constraints on scope and generalisability were noted, as studies 
often focused on single board game themes (ID 40), specific age groups, or narrow topics, 
limiting the broader applicability of findings. Finally, several studies highlighted neglected 
aspects, such as not exploring teacher motivations (ID 33, 61), the broader societal context 
(ID 10), or how games translate ideas into functional applications (ID 27).

DISCUSSION

This systematic review examined the use of board games for collaborative learning in sci-
ence education, synthesising findings from empirical studies published between 2000 and 
2024. The analysis of 76 articles revealed several significant findings that enhance our un-
derstanding of this innovative pedagogical approach.

Focus on science education and subject area distribution

Our findings reveal a clear distribution across the various categories within science edu-
cation. General or Interdisciplinary Science emerged as the most frequently investigated 
subject area, accounting for 31 studies (40.79%) of the included studies. This indicates a 
substantial focus in the existing literature on board games that address broad scientific 
concepts, scientific inquiry skills, or integrated science curricula, rather than being confined 
to a single traditional discipline. This finding aligns with the broader emphasis on develop-
ing scientific literacy and interdisciplinary thinking in contemporary education (Kara, 2021; 
Küçükşen Öner et al., 2024; Othman & Sim, 2024; Teixeira & Vasconcelos, 2024).

Among the specific core scientific disciplines, Chemistry education was the most preva-
lent, featured in 16 studies (21.05%). This finding aligns with the growing body of research 
highlighting the potential of game-based learning to address the abstract and complex na-
ture of chemistry concepts (da Silva Júnior et al., 2023; Hou et al., 2023). Biology (15 studies, 
19.74%) and Physics (10 studies, 13.16%) also represented significant portions of the litera-
ture, demonstrating the applicability of board games across various scientific fields. Studies 
explicitly categorised under STEM education constituted a smaller portion (four studies, 
5.26%) of the primary subject areas, predominantly investigating the science component 
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16 of 53  |      OTHMAN et al.

within broader STEM frameworks. This distribution underscores the versatility of board 
games in supporting diverse learning objectives across the spectrum of science education.

Quantitative research and questionnaires dominate

The review found that quantitative research designs were the most prevalent methodol-
ogy, primarily employed in 43 studies (56.58%). Within these, non-experimental designs 
were particularly common. This dominance of quantitative approaches, as noted in previ-
ous research on board games in science education (Kalogiannakis et al., 2021; Teixeira & 
Vasconcelos, 2024; Wang & Zheng, 2021), might be attributed to the relative ease of data 
collection and analysis for measuring learning outcomes and attitudes on a larger scale.

Consistent with this, questionnaires and surveys were the most commonly used data 
collection tools, appearing in 23 studies (30.26%) and nine studies (11.84%), respectively. 
While these tools are efficient for gathering self-reported data and assessing learning gains, 
the prevalence of quantitative descriptive analysis (60 studies, 78.95%) suggests a focus 
on summarising and describing data rather than extensive inferential statistical analysis 
(14 studies, 18.42%). Future research could benefit from incorporating more qualitative ap-
proaches (used in 23 studies, 30.26%) to better understand the nuances of student experi-
ences and collaborative interactions within board game environments.

Sample size and data analysis

The sample sizes across the reviewed studies varied considerably, ranging from three to 
697 participants. The median sample size was approximately 48.5 participants (based on 56 
studies with explicit numerical values), with the majority of studies involving between 10 and 
150 participants. This range, consistent with other studies on board games in science edu-
cation (Hashim et al., 2024; Holincheck et al., 2024; Küçükşen Öner et al., 2024), indicates a 
mix of smaller-scale exploratory studies and larger interventions. While larger sample sizes 
can enhance generalisability, smaller studies can still offer valuable in-depth insights, par-
ticularly when employing qualitative methodologies.

As noted, descriptive statistics were the most frequently utilised data analysis method 
(60 studies, 78.95%), focusing on summarising characteristics and outcomes. Qualitative 
analysis methods, including content and descriptive analysis, were also widely employed 
(34 studies, 44.74%), particularly in studies aimed at exploring student experiences and 
interactions. This prevalence of descriptive approaches, aligning with other review studies 
on board game research (Teixeira et al., 2024; Zhan et al., 2024), suggests a foundational 
stage of research where the primary goal is to characterise the landscape and initial impacts 
of board games in science education.

Board game types and the role of mechanisms

Physical board games were the overwhelmingly dominant format, identified in 53 stud-
ies (69.74%). This finding is consistent with several previous studies where researchers 
also primarily employed physical board games (Hursen & Bas, 2019; Kodalle, 2022; Li 
et al., 2022). The comparatively limited use of digital board games (13 studies, 17.11%) 
may be due to various factors, including restrictions on electronics in educational settings 
or challenges related to access and infrastructure (Syahraz Abdul Razakek et al., 2024). 
Pedagogical reasons, such as the perceived effectiveness of physical interaction for 
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fostering direct collaboration and communication, may also contribute to this prefer-
ence (Russo et  al.,  2024). It is essential to reiterate that our categorisation of digital 
board games in this review encompassed various forms, including web-based, virtual, 
AR-based mobile, Android system-based, and computer-assisted games, provided they 
retained core board-game-like characteristics.

A significant limitation of the current literature, and therefore of this review, is the infre-
quent detailed reporting and analysis of specific game mechanisms (e.g. cooperative versus 
competitive elements, resource management, negotiation mechanics, role-playing) within 
the included studies. Although our review categorised games by format (physical versus 
digital), a deeper understanding of how these underlying mechanisms influence collabora-
tive learning outcomes is essential for progress in the field. Future research should focus on 
systematic data extraction and analysis of these mechanisms to gain more detailed insights 
into their effects on collaborative science learning.

Overall effectiveness and future directions

The studies reviewed collectively suggest that board games can be a valuable tool for sci-
ence education, demonstrating both effectiveness and certain limitations.

Board game effectiveness in science education

This review provides robust evidence that board games are a powerful tool for promoting 
science learning across various subjects and age groups. From elementary school settings 
to universities, board games effectively enhance student understanding of scientific con-
cepts in biology, chemistry, physics and beyond. The review highlights several key advan-
tages board games offer students:

Firstly, board games can significantly improve students' knowledge acquisition and con-
ceptual understanding. This was the most frequently reported impact, evident in 34 studies 
(44.74%), which documented improvements in test scores, higher exam grades, and qual-
itative indications of deeper conceptual understanding (e.g. ID 2, 7, 8, 14, 16, 18, 20, 23, 
26, 31, 33, 37, 39, 40, 42, 45, 47, 49, 50, 51, 52, 54, 55, 56, 57, 59, 62, 66, 70, 71, 72, 74, 
75, 76). By requiring players to apply their knowledge and make strategic decisions, board 
games encourage them to think critically and creatively to solve problems and advance 
in the game (Botes, 2024; Chukusol et al., 2024). Research by Lin and Hou (2024a) and 
Machuqueiro and Piedade (2024) further suggests that board games encourage strategic 
decision-making, a crucial skill for scientific inquiry.

Secondly, board games consistently make learning science more enjoyable and engag-
ing, leading to increased positive emotions and motivation. This impact was noted in 27 stud-
ies (35.53%) (e.g. ID 4, 5, 6, 7, 12, 17, 22, 29, 32, 35, 37, 42, 44, 45, 46, 47, 57, 59, 60, 62, 63, 
65, 67, 68, 69, 72, 75). This creates a more positive learning environment that can enhance 
student engagement with science (Assapun & Thummaphan, 2023; Ezezika et al., 2023; 
Holincheck et al., 2024; Küçükşen Öner et al., 2024; Saithongdee & Sirirat, 2024).

Thirdly, board games contribute to the development of collaborative and other es-
sential science skills. This impact was reported in 13 studies (17.11%) (e.g. ID 10, 11, 27, 
30, 36, 46, 48, 53, 55, 61, 69, 73, 75). These include scientific inquiry skills (Ezezika 
et  al.,  2023; Hou,  2023), communication, teamwork, group problem-solving, negotiation, 
and systems thinking. They can also provide valuable assessment knowledge for science 
teachers (Botes, 2024). Students often find board games helpful for learning science con-
tent, and report positive perceptions of the experience (Malicoban, Bulado, et  al.,  2021; 
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Othman & Sim, 2024; Saithongdee & Sirirat, 2024; Teixeira & Vasconcelos, 2024). This im-
proved self-efficacy can further motivate students to engage with science learning. Finally, 
board games can foster collaboration and interaction between adults and children, creating 
a valuable space for shared learning and promoting STEM education (Arboleya-García & 
Miralles, 2022; Bustamante et al., 2020; Salgado-Jauregui et al., 2022). This collaborative 
aspect can benefit younger students who can learn from interacting with adults.

Effectiveness across grade levels and formats

The reviewed studies explored the use of board games in various educational settings, 
ranging from elementary schools to universities. Evidence suggests that board games can 
be effective across these grade levels, with both digital and physical formats yielding posi-
tive results. However, some limitations and gaps were identified. Many studies employed 
relatively small sample sizes (Botes, 2024; da Silva Júnior et al., 2023; Montejo Bernardo 
& Fernández González, 2021; Saithongdee & Sirirat, 2024), which may limit the generalis-
ability of their findings.

Additionally, a significant gap in the literature is the limited investigation into the long-term 
retention of knowledge gained through board games. While some studies reported positive 
short-term effects (e.g. Apostolellis et al., 2018; Meya & Eisenack, 2018), there is a lack 
of research on whether these benefits persist over time (Fjællingsdal & Klöckner,  2020; 
Goncharova,  2012; Montejo Bernardo & Fernández González,  2021; Tsai et  al.,  2021). 
Understanding long-term knowledge retention is crucial for definitively evaluating the ef-
fectiveness of board games as a sustainable learning tool. Furthermore, many studies did 
not utilise control groups (Bortoli et al., 2023; Holincheck et al., 2024; Ramos et al., 2024), 
making it difficult to isolate the specific impact of the board game intervention on learning 
outcomes.

While cost-effectiveness was not a primary focus of the reviewed studies, some studies 
did explore whether board games could be a cost-effective way to supplement science 
learning compared to traditional methods (Apostolellis et  al.,  2018; McOwat & Stanley-
Wall, 2018; Shemran et al., 2017). Similarly, teacher training was not extensively explored, 
though a few studies discussed the need for training on incorporating board games effec-
tively (Botes, 2024; Holincheck et al., 2024; Küçükşen Öner et al., 2024) or explored specific 
instructional strategies that work well with board games. Finally, beyond engagement, some 
studies investigated broader changes in student attitudes towards science after using board 
games (Dziob, 2020; Montejo Bernardo & Fernández González, 2021; Tsai et al., 2021).

Focus beyond science and collaborative learning design

While science emerged as the dominant subject area in this review, the included studies 
did not extensively explore the application of board games for collaborative learning in other 
disciplines, such as mathematics or social studies. This represents an opportunity for fu-
ture research to explore the potential of board games in fostering collaboration across the 
curriculum. Furthermore, a deeper analysis of the specific collaborative learning strategies 
embedded within the board game designs themselves (e.g. cooperative vs. competitive ele-
ments, explicit group discussion prompts, negotiation mechanics) was not a primary focus of 
the reviewed studies. Analysing these design elements can reveal how games actively pro-
mote collaboration and how these strategies impact student learning. Additionally, the role 
of the teacher in facilitating collaborative learning during board game use was not consist-
ently explored across the reviewed literature. Exploring these teacher facilitation strategies 
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could provide valuable insights for educators seeking to optimise the collaborative learning 
potential of board games in their classrooms.

Learning outcomes beyond knowledge gain and assessment methods

The studies reviewed primarily focused on knowledge gain as a learning outcome. However, 
some studies have explored how board games impact other scientific competencies—such 
as scientific reasoning, communication skills, or scientific inquiry skills–during gameplay. 
Analysing these studies can provide a more comprehensive picture of the learning benefits 
associated with board games in science education. The studies employed various assess-
ment methods (tests, observations) to measure the effectiveness of board games. While 
this variation allows for a multifaceted understanding of learning outcomes, it can also make 
comparisons across studies challenging. Future research that explores standardised as-
sessment methods specifically designed for board game-based learning could be beneficial.

CONCLUSION AND FUTURE WORKS

This article systematically reviewed the application of board games for collaborative learn-
ing in science education. Seventy-six empirical studies published between 2000 and 2024 
were selected based on specific inclusion and exclusion criteria, meticulously following the 
PRISMA guidelines. The review focused on analysing the main subject areas and examined 
topics, research methodologies, data collection tools, sample sizes, data analysis methods, 
findings, and game types used in these articles.

Addressing the research questions provides valuable insights and understanding regard-
ing the use of board games for collaborative learning in science education. Key patterns, 
trends and findings emerged through the analysis of the selected articles, shedding light on 
the effectiveness, methodologies and outcomes of integrating board games into collabora-
tive science learning. Furthermore, the findings derived from investigating these research 
questions contribute to the overall understanding of the current research landscape in this 
domain and provide valuable insights for educators, researchers and practitioners inter-
ested in utilising board games for collaborative learning in science education.

The analysis findings indicated that general or interdisciplinary science education was the 
most researched subject category among the selected articles (31 studies, 40.79%), con-
firming the widespread application of board games across diverse scientific contexts. Within 
specific disciplines, chemistry education emerged as the most investigated topic (16 studies, 
21.05%). A quantitative design was the most preferred approach for research methodologies 
(43 studies, 56.58%), although various methods were used. Pre- and post-tests (26 studies, 
34.21%) and questionnaires (23 studies, 30.26%) were the most commonly employed data 
collection tools. Most of the studies had sample sizes with a median of approximately 48.5 
participants. Descriptive statistics were found to be the most common for data analysis (60 
studies, 78.95%). Physical board games were the most frequently used type in science 
education (53 studies, 69.74%), while digital board games (13 studies, 17.11%) had limited 
representation, likely due to the restrictive use of electronic devices in educational settings 
and a historical preference for physical formats.

The review highlights that board games are effective tools for enhancing scientific knowl-
edge acquisition and conceptual understanding (34 studies, 44.74%), improving student 
engagement, motivation, and attitudes towards science (27 studies, 35.53%), and foster-
ing the development of collaborative and other essential science skills (13 studies, 17.11%). 
However, the review also identified critical limitations in the existing literature, including a 

 20496613, 2025, 3, D
ow

nloaded from
 https://bera-journals.onlinelibrary.w

iley.com
/doi/10.1002/rev3.70107 by N

ational Institutes O
f H

ealth M
alaysia, W

iley O
nline L

ibrary on [01/09/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



20 of 53  |      OTHMAN et al.

prevalence of small sample sizes, a lack of long-term effectiveness studies, and insufficient 
focus on specific game mechanisms.

Future research directions: Optimising board game 
integration and theoretical frameworks

Based on the findings and identified gaps of this systematic review, several key research 
suggestions are proposed to advance the field. Future research should delve deeper into 
how specific game mechanisms (e.g. cooperative vs. competitive elements, negotiation, 
resource management, role-playing) within board games influence different facets of col-
laborative learning and science outcomes, requiring more granular data extraction and 
analysis of game design. While the potential is clear, more empirical studies are needed 
that explicitly measure and report on the development of collaborative learning skills (e.g. 
communication, teamwork, conflict resolution, shared problem-solving) as distinct learn-
ing outcomes, rather than solely focusing on science content knowledge. A critical gap 
is also the lack of research on the long-term impact of board games on knowledge reten-
tion and sustained changes in attitudes or behaviours (Cardinot & Fairfield, 2022; Mostowfi 
et al., 2016; Trevino et al., 2016); thus, longitudinal studies are essential to understand the 
lasting benefits. Methodological rigour should be enhanced, with future studies prioritis-
ing more robust research designs, including the consistent use of control groups to isolate 
intervention effects, and the application of inferential statistical analyses (e.g. correlations, 
regression, non-parametric tests, factor analysis, MANOVA/MANCOVA) to move beyond 
descriptive findings (Eriksson et al., 2021; Hernán et al., 2019; Kara, 2021; León et al., 2022; 
Petri & von Wangenheim,  2016; Treiblmaier & Filzmoser,  2010). Research should also 
broaden its scope to include diverse sample groups, such as preschool children (Mostowfi 
et  al.,  2016), nursery school children (Cheung & McBride,  2017), and disabled students 
(Assapun & Thummaphan, 2023), as well as a wider range of educational contexts beyond 
elementary and secondary schools (Hwang et al., 2016; Ramesh & Sadashiv, 2019; Tsai 
et al.,  2020). Given the limited representation of digital board games, further exploration 
of their potential for science learning is crucial, including investigating their accessibility, 
broader implementation, and integration with emerging technologies such as Virtual Reality 
(VR) (Arici et al., 2019), Augmented Reality (AR) (Abdullah et al., 2022), and mobile ap-
plications (Ismail et al., 2018). Furthermore, future research should delve deeper into the 
theoretical underpinnings of why board games are effective in science education, drawing 
on relevant learning theories and pedagogical frameworks, and examine practical strate-
gies for effectively integrating board games into existing science curricula, aligning them 
with specific learning objectives and broader curriculum goals. Beyond knowledge gain, 
studies should explore the impact of board games on other scientific competencies (e.g. 
scientific reasoning, communication skills, scientific inquiry skills) and develop standardised 
assessment methods specifically designed for board game-based learning. Finally, more 
research is needed on effective teacher training programmes for incorporating board games 
into classrooms and the specific teacher facilitation strategies that optimise collaborative 
learning during gameplay.
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APPENDIX A

A complete list of selected articles in this review
ID Article title Reference

ID01 A group learning support system enhancing the externalisation of 
thinking

Kusunoki et al. (2002)

ID02 Discovering the cell: an educational game about cell and 
molecular biology

Spiegel et al. (2008)

ID03 Just working with the cellular machine: a high school game for 
teaching molecular biology

Cardoso et al. (2008)

ID04 A board game about space and solar system for primary school 
students

Kirikkaya et al. (2010)

ID05 Vegetation interaction game: Digital SUGOROKU of vegetation 
succession for children

Deguchi et al. (2010)

ID06 Taking attention on environmental issues by an attractive 
educational game: Enviropoly

Arslan et al. (2011)

ID07 An online game approach for improving students' learning 
performance in web-based problem-solving activities

Hwang et al. (2012)

ID08 Organic mastery: An activity for the undergraduate classroom Mosher et al. (2012)

ID09 Planet play: designing a game for children to promote 
environmental awareness

Goncharova (2012)

ID10 A climate change board game for interdisciplinary communication 
and education

Eisenack (2013)

ID11 Collaborative gaming: Teaching children about complex systems 
and collective behaviour

Peppler et al. (2013)

ID12 Education for energy efficiency through an educational game Mesquita et al. (2013)

ID13 Using educational games to engage students in veterinary basic 
sciences

Buur et al. (2013)

ID14 Developing and playing chemistry games to learn about elements, 
compounds, and the periodic table: Elemental Periodica, 
Compoundica, and Groupica

Bayir (2014)

ID15 Designing playful learning by using educational board games for 
children in the age range of 7–12: (a case study: recycling and 
waste separation education board game)

Mostowfi et al. (2016)

ID16 Effects of an augmented reality-based educational game on 
students' learning achievements and attitudes in real-world 
observations

Hwang et al. (2016)

ID17 Key factor to improve Adversity Quotient in children through 
mobile game-based learning

Boonsamuan and 
Nobaew (2016)

ID18 The effectiveness of an educational game for teaching optometry 
students basic and applied science

Trevino et al. (2016)

ID19 Developing a framework to better engage students in STEM via 
game design: Findings from Year 1

Shemran et al. (2017)

ID20 The development of inquiry by using android-system-based 
chemistry board game to improve learning outcome and critical 
thinking ability

Wardani et al. (2017)

ID21 ‘Pump that press!’ design evaluation of audience interaction using 
collaborative digital and physical games

Apostolellis et al. (2018)

ID22 Biofilm building: a simple board game to reinforce knowledge of 
biofilm formation

McOwat and 
Stanley-Wall (2018)
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ID Article title Reference

ID23 Board game in physics classes—A proposal for a new method of 
student assessment

Dziob (2020)

ID24 Effectiveness of gaming for communicating and teaching climate 
change

Meya and Eisenack (2018)

ID25 ‘If You Add Too Much Science, It Gets Boring.’ Exploring students' 
conceptual change through their game design iterations

Hovey et al. (2018)

ID26 The use of monopoly-like games (MLG) to promote qualified 
scores for three student competencies

Fauziah et al. (2018)

ID27 A board-game for co-designing smart nature environments in 
workshops with children

Gennari et al. (2019)

ID28 Essentials of gamification in education: a game-based learning Ramesh and Sadashiv (2019)

ID29 Introducing an inquiry-based experiment-integrated science game 
for elementary students: The shadow races game

Bayir (2019)

ID30 Last Island: exploring transitions to sustainable futures through 
play

Taghikhah et al. (2019)

ID31 Using board games to teach socioscientific issues on biological 
conservation and economic development in Taiwan

Tsai et al. (2019)

ID32 Effects of games on students' emotions of learning science and 
achievement in chemistry

Chen et al. (2020)

ID33 Element enterprise tycoon: Playing board games to learn 
chemistry in daily life

Tsai et al. (2020)

ID34 Green across the board: Board games as tools for dialogue and 
simplified environmental communication

Fjællingsdal and 
Klöckner (2020)

ID35 Supplementing elementary science learning with multi-player 
digital board game: A pilot study

Premthaisong and 
Srisawasdi (2020)

ID36 Board game design: an educational tool for understanding 
environmental issues

Parekh et al. (2021)

ID37 Chemical battleship: discovering and learning the periodic table 
playing a didactic and strategic board game

Montejo Bernardo and 
Fernández González (2021)

ID38 Development of a STEM board game electriciladders for Grade 8 
students

Malicoban, Bulado, 
et al. (2021)

ID39 Enhancing cognitive development in learning chemical symbols 
and periodicity through instructional games

Aliyu et al. (2021)

ID40 Using a board game to teach about sustainable development Tsai et al. (2021)

ID41 Using a cooperative educational game to promote pro-
environmental engagement in future teachers

Vázquez-Vílchez et al. (2021)

ID42 Design and evaluation of a board game in food and nutrition 
education

Chiang et al. (2022)

ID43 Development and application of an environmental education tool 
(board game) for teaching integrated resource management of the 
water cycle on coral reef islands

Shimabukuro et al. (2022)

ID44 Edutainment, tools and methods in high school education 
development of ATCG (ATtack Covid Game) online and electronic 
board games

Soewono et al. (2022)

ID45 Game-based learning to engage students with physics and 
astronomy using a board game

Cardinot and Fairfield (2022)

ID46 Pre-service teachers' experiences on the development of 
educational science board games

Botes (2022)
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ID Article title Reference

ID47 The ‘Sciencemopoly Game’ to improve junior high school students' 
learning motivation on the digestive system topic

Hayati et al. (2022)

ID48 Assessing the effectiveness of board game-based learning for 
enhancing problem-solving competency of lower secondary 
students

Assapun and 
Thummaphan (2023)

ID49 Development of a STEM board game on waves for Grade 7 
students

Malicoban, Eguia, 
et al. (2021)

ID50 The design and evaluation of a gamification teaching activity using 
board game and QR code for organic chemical structure and 
functional groups learning

Wu et al. (2018)

ID51 The development and evaluation of an educational board game 
with augmented reality integrating contextual clues as multi-level 
scaffolding for learning ecosystem concepts

Wang et al. (2019)

ID52 The effect of 3D Electronic Board Games in enhancing elementary 
students learning performance on human internal organs

Zheng et al. (2018)

ID53 SNaP 2: the evolution of a board game for smart nature 
environments

Gennari et al. (2019)

ID54 A preliminary study to assess the use of a ‘Snakes and Ladders’ 
board game in improving the knowledge of elementary school 
children about taeniasis

Wulanyani et al. (2019)

ID55 The effect of a scientific board game on improving creative 
problem-solving skills

Chen et al. (2021)

ID56 The pedagogical impact of board games in public health biology 
education: the Bioracer Board Game

Ezezika et al. (2023)

ID57 An educational game for teaching osmolarity and tonicity: opinions 
of dental and medical students

Pessoa et al. (2023)

ID58 Chemical Quest: general knowledge and popular culture quizzes 
about the elements in a board game for the class

Bortoli et al. (2023)

ID59 Learning mole calculation through a board game in an engaging 
and enjoyable environment: Design, implementation, and 
evaluation

Saithongdee and 
Sirirat (2024)

ID60 CR322: A web-based board game for aiding students in reviewing 
chemical reactivity

da Silva Júnior et al. (2023)

ID61 Demonstrating pedagogical content knowledge through the 
development of educational science board games

Botes (2024)

ID62 I arrived at the sun! Developing an educational board game with 
the collaboration of pre-service art and pre-service science 
teachers

Küçükşen et al. (2024)

ID63 Exploring Malaysian school children's perception of the 
advantages and disadvantages of the ToothPoly board game: a 
qualitative study

Syahraz Abdul Razakek 
et al. (2024)

ID64 The development and evaluation of an educational board game on 
basic geotechnical soil characterisation

Chrusciak et al. (2024)

ID65 Quantum science and technologies in K-12: Supporting teachers 
to integrate quantum in STEM classrooms

Holincheck et al. (2024)

ID66 Using BioBoard-G: A board game for enhancing understanding of 
cell division for secondary school

Hashim et al. (2024)

ID67 ‘CARBGAME’ (CARd & Board GAmes in Medical Education): a 
gamification innovation to foster active learning in biochemistry for 
medical students.

Surapaneni (2024)
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ID Article title Reference

ID68 Activity proposals to improve children's climate literacy and 
environmental literacy

Ramos et al. (2024)

ID69 More than just a game: Transforming social interaction and STEM 
play with Parkopolis

Bustamante et al. (2020)

ID70 Learning outcomes of the educational board game ‘Taphonomy: 
Dead and Fossilised’ were evaluated with high school learners in a 
summertime programme

Salgado-Jauregui 
et al. (2022)

ID71 ‘The Game of the Sea’: an interdisciplinary educational board 
game on the marine environment and ocean awareness for 
primary and secondary students

Arboleya-García and 
Miralles (2022)

ID72 Effects of games on students' emotions of learning science and 
achievement in chemistry

Chen et al. (2020)

ID73 Questions in a life-sized board game: comparing caregivers' and 
children's question-asking across STEM museum exhibits

Gaudreau et al. (2021)

ID74 The impacts of a marine science board game on motivation, 
interest, and achievement in marine science learning

Lin et al. (2019)

ID75 Developing a European-style board game to teach organic 
chemistry

Triboni and Weber (2018)

ID76 Element Cycles: An environmental chemistry board game Pippins et al. (2011)
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