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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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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.

(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-Garcia & 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 (Kigliksen Oner 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
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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. Whatare 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 etal., 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 (Dragni¢-Cindri¢ 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 ltems 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:

e 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’)

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

e ERIC: ‘board games’ AND ‘collaborative learning’ AND ‘science education’

e |[EEE 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

e 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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Total records identified through databases: (n=656)

c
o Scopus (n=214) - . . _
= Web of Science (WOS) (n=80) Repetition of article title (n=163)
2 ERIC (n=206)
=] |IEEE Xplore (n=78)
= ACM Digital Library (n=31)
o Science Direct (n=47)
l Preliminary Condition Screening:
Records after deleting duplicate No English version (n=43)
(n=493) No access permission (n=51)

Screening

Filter by title and abstract:
Selected articles (n=399) Headings and Abstracts do not match(n=139)

Eligibility

Filter by Content:

I Full ol 4 (n=260 ] Board Games, Science, Biology, Chemistry,
ull-text articles screened (n=260) | Physics, STEM (n=184)

o
[}
°
=
]
<

| Full Inclusion articles (n=76)

FIGURE 1 Flow diagram detailing the application of PRISMA to studies published between 2000 and 2024.

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
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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:

e 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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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

TABLE 1 Distribution of research methodologies.

Number of studies

Methodology category Specific type (n=76) Percentage (%)
Quantitative True experimental 7 9.21
Quasi-experimental 4 5.26
Non-experimental 17 22.37
General/unspecified 15 19.74
quantitative
Subtotal quantitative 43 56.58
Qualitative Case study 4 5.26
General/unspecified 18 23.68
qualitative
Subtotal qualitative 22 28.95
Mixed-methods Quantitative and qualitative 10 13.16

Total studies 76 100.00
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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 writte