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Board games are increasingly used in mathematics classrooms, yet little
is known about how their design embeds number content beyond early
childhood. This systematic literature review maps the design
characteristics of board games for teaching number and operations in
primary, secondary, and higher education, synthesises their reported
outcomes, and identifies research gaps. Following PRISMA 2020, 669
records published between 2016 and 2026 were retrieved from Scopus,
Semantic Scholar, and Google Scholar. After screening and quality
appraisal with Mullet et al’s rubric, 16 studies were synthesised
narratively. Studies were concentrated in primary education (n = 9) and
Indonesia (n = 9), and most used research-and-development designs (n
= 9); only 5 included a comparison group. Race-track games with
question or task cards were the most common design (n = 9), whereas
intrinsic integration, in which moving or building on the board enacts a
number operation, appeared in 6 studies that tended to have higher
quality scores, an association rather than a causal effect. Procedural
knowledge was targeted more often than conceptual knowledge. All 11
achievement studies reported improvement, but only 4 controlled
studies showed an advantage over a comparison condition. Board games
were associated with motivation, communication, and collaboration,
whereas creativity was not measured and retention was examined in
only 1 study. Integers were addressed by only 2 studies, and none
examined integer subtraction, multiplication, or division in lower
secondary school. The review proposes design principles that favour
intrinsic integration and calls for controlled studies of board games for
integer operations.
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1. Introduction

Number and operations form the foundation of school mathematics. Concepts such as fractions,
integers, powers, and the four arithmetic operations underpin later work in algebra,
measurement, and data, yet they remain persistent sources of difficulty. Students often transfer
the properties of whole numbers to fractions, treating numerators and denominators as separate
integers (Navarrete-Ulloa & Munoz-Rubke, 2022), and the introduction of negative numbers
requires them to build new mental representations of order and magnitude (Bofferding &
Hoffman, 2019; Morais et al., 2026). In Indonesia, the problem is visible in national assessment
data: on number items of the 2018/2019 junior high school national examination, only 38.51%
of students answered correctly (A. M. Putri & Setyadi, 2022). Learning media that make
abstract number relations tangible and engaging are therefore needed.

Board games are one such medium. They are inexpensive, require no digital infrastructure, and
invite face-to-face interactions that engage players in teamwork and computational thinking
(Bayeck, 2020). Evidence from early childhood shows that playing linear number board games
improves children’s numerical magnitude knowledge because the spatial layout of the board
mirrors the number line (Siegler & Ramani, 2009). However, the effect of a board game
depends on its design rather than on the label “game” itself. The Mechanics—Dynamics—
Aesthetics (MDA) framework distinguishes the rules and components of a game (mechanics)
from the behaviour they produce during play (dynamics) and the experiences players have
(aesthetics) (Hunicke et al., 2004). Habgood and Ainsworth (2011) further showed that learning
is stronger when content is intrinsically integrated into the core mechanics, so that playing well
requires using the target knowledge, rather than being attached to the game as quiz questions.
What students learn also matters: mathematical knowledge can be factual, conceptual, or
procedural, and these types develop in different ways (Rittle-Johnson & Schneider, 2014).
Previous reviews have addressed related but different questions. Bayeck (2020) reviewed board
gameplay and learning across disciplines and identified mathematics as one of its main
domains, but did not analyse how number content is embedded in game design. Arum et al.
(2026), 1n this journal, synthesised the pedagogical design of digital educational games for
conceptual understanding in mathematics. Sariningtias et al. (2026) reviewed how digital and
non-digital technologies are integrated into innovative learning environments to support
mathematical knowledge, skills, and STEM learning, and their procedure informed the method
of the present review. Research on board games for numeracy, in turn, has focused largely on
preschool children (e.g., Siegler & Ramani, 2009). To our knowledge, no review has
synthesised how physical board games are designed to teach number and operations to school
and university students, how number content is integrated into their mechanics, and what
outcomes these designs produce.

This review addresses that gap. Its aim is to map the design characteristics of board games for
learning number and operations in primary, secondary, and higher education, to synthesise the
outcomes they report, and to identify gaps for future design. Six research questions (RQs)
guided the review:

(RQ1) How are the studies distributed across years, countries, education levels, number topics,
and research designs?

(RQ2) What formats, components, and mechanics characterise the board games?
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(RQ3) How is number content integrated into the games?

(RQ4) What types of mathematical knowledge are targeted, and what cognitive outcomes are
reported?

(RQ5) What affective outcomes and 21st-century skills are reported?

(RQ6) What gaps remain, and what are the implications for designing board games for number
and operations?

The novelty of the review lies in combining the MDA and intrinsic-integration lenses with a
knowledge-type analysis to link design decisions with learning outcomes.

2. Methods

2.1. Review design and search strategy

This study is a systematic literature review reported according to the PRISMA 2020 statement
(Page et al., 2021). The selection and appraisal procedure was adapted from Sariningtias et al.
(2026). Searches were run on 29 September 2026 in Publish or Perish (version 8.17) across
Scopus, Semantic Scholar, and Google Scholar. For every source, the same Boolean string was
entered in the Keywords field: ("board game" OR "board games" OR "boardgame" OR
"tabletop game" OR "tabletop games") AND ("mathematics" OR "math" OR "mathematical")
AND ("number" OR "numbers" OR "number sense" OR "arithmetic" OR "number concept"
OR "number operation" OR "number operations"). Publication years were limited to 2016—
2026. The maximum number of results was set to 200 for Scopus, 1,000 for Semantic Scholar,
and 500 for Google Scholar. Scopus and Semantic Scholar returned fewer records than these
limits, so all hits were retrieved; Google Scholar was capped at the first 500 records in the
relevance order returned by the database, without any manual selection. All retrieved records
were exported from Publish or Perish as RIS files and are available from the authors on request.
Because the Semantic Scholar interface supports only simple keyword searches with AND/OR
operators, phrase matching may not have been applied exactly in that source. The search
settings and the number of records retrieved are presented in Table 1.

Table 1.

Search settings and results

Database Search settings Records retrieved

Scopus Keywords field; 2016-2026; 83
maximum 200 results

Semantic Scholar Keywords field; 2016-2026; 86
maximum 1,000 results

Google Scholar Keywords field; 2016-2026; 500
maximum 500 results (first 500 by
relevance)

Total 669
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2.2. Deduplication and eligibility criteria

Records were merged and deduplicated with a staged procedure adapted from Bramer et al.
(2016). Records matching on first author, year, title, and journal or pages were removed
automatically. Pairs with highly similar titles (similarity > 0.95) were removed only when an
identical DOI confirmed the match; the remaining 26 possible pairs were checked manually,
and 24 were confirmed as duplicates. In total, 78 duplicates were removed, leaving 591 records.
The eligibility criteria are presented in Table 2. Publication status was verified for each report
in the Scopus Sources list and the SINTA database for the year of publication. Conference
papers were eligible only when the proceedings were indexed in Scopus; this was verified for
all four included conference papers (Calderon et al., 2018; Espinoza-Espinosa et al., 2022;
Jafarkhani et al., 2025; Nurhasanah et al., 2023). The indexing status of each included study is
reported in Table 3. A mixed-age sample was retained only when results for school-age
participants were reported separately.

Table 2.
Inclusion and exclusion criteria
Criteria Inclusion Exclusion

Publication type Articles in journals indexed in Scopus or Non-Scopus proceedings, national
accredited SINTA 1-4 in the year of seminars, SINTA 5-6 or
publication; papers in international unaccredited journals, non-Scopus
conference proceedings indexed in international journals, books, theses,

Scopus repositories
Year 2016-2026 Outside 2016-2026
Medium Physical, technology-enhanced, or digital Card, dice, or tile games without a
games that retain a board format board; purely digital games;
gamification
Domain Number and operations (whole numbers, Algebra, geometry, measurement,

integers, fractions, decimals, powers and probability, general reasoning
roots, factors and primes, arithmetic

operations)

Study type Primary studies reporting design and/or Reviews, essays, concept-
implementation with data (validation, identification-only or perception-
trial, or effectiveness) only studies

Level Primary, secondary, and higher education Early childhood and kindergarten

Language English or Indonesian Other languages

Accessible Full text available Full text not accessible

2.3. Selection process

Titles and abstracts were screened by the first author against the criteria in Table 2, using
predefined exclusion codes (EO-ES8; Supplementary Material). Records that were clearly
irrelevant were first flagged with keyword-based rules, and every flagged record was then
checked manually before exclusion. Records whose eligibility was uncertain at this stage were
retained for full-text assessment. All decisions were recorded with their codes. At the screening
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stage, 476 records were excluded, mainly because board games were not the object of study or
the content was not mathematical. Of the 115 reports sought for retrieval, seven could not be
obtained through open access, institutional subscription, or requests to the authors
(Supplementary Table S4). The remaining 108 reports were assessed in full text, and 90 were
excluded with recorded reasons (Supplementary Table S2). Of these, seven reports were
excluded because the game consisted only of cards, dice, or tiles without a board, or because
data on the board game could not be separated from other activities. The complete process is

shown in Figure 1.

Figure 1
PRISMA 2020 flow diagram of the study selection process
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2.4. Quality appraisal

The methodological quality of the 18 eligible studies was appraised with Mullet et al.’s (2017)
rubric, following Sariningtias et al. (2026). This rubric was chosen because the eligible studies
were methodologically heterogeneous, including research-and-development, design-based,
quasi-experimental, experimental, and case studies, so design-specific risk-of-bias tools could
not be applied uniformly. The rubric instead evaluates reporting components that are common
to educational research across designs, and it has recently been applied in a review of
mathematics learning environments (Sariningtias et al., 2026). The rubric rates seven criteria
(objectives, literature review, theoretical framework, participants, methods, results and
conclusions, and significance) on a four-point scale (1 = does not meet the standard, 2 = nearly
meets the standard, 3 = meets the standard, 4 = exceeds the standard), giving totals from 7 to
28. Studies scoring 14 or lower were excluded (Sariningtias et al., 2026); this threshold
corresponds to half of the maximum score, that is, an average of 2 (“nearly meets the standard”)
or lower across the seven criteria. All studies were scored by the first author, and all scores
were checked by the second author, who agreed with all 18 scores; therefore, no disagreements
required resolution. Two studies scored 14 and were excluded (Supplementary Table S3). Garry
et al. (2019) focused on the technical development of a digital board-format game, did not
articulate a theoretical framework, and supported its claim of effectiveness only with a player-
perception questionnaire. Chasanah et al. (2025) likewise lacked a theoretical framework and
reported a pre—post increase without an adequate statistical test. Because neither study provided
statistically tested evidence of learning achievement, their exclusion did not remove
achievement evidence from the synthesis. This left 16 studies with scores from 15 to 26 (M =
19.81, Mdn = 20; Supplementary Table S1). Because the rubric appraises reporting quality
rather than risk of bias, the scores were interpreted as indicators of methodological transparency
and were used to weigh the evidence in the synthesis.

2.5. Data extraction and synthesis

A structured form was used to extract bibliographic data, country, education level, sample,
research design, number topic, game format, components, core mechanics, type of content
integration, targeted knowledge type, instruments, and cognitive and affective outcomes.
Integration was coded as intrinsic when the board actions themselves enacted the number
operation, partially intrinsic when number cards or stations were combined with movement in
a way that required constructing number relations, and extrinsic when the game served mainly
as a vehicle for answering question cards (Habgood & Ainsworth, 2011). Knowledge types
were coded following Rittle-Johnson and Schneider (2014). Frequencies were tabulated
descriptively, and findings were synthesised thematically for each RQ. When studies reported
different results, they were compared by education level, design, integration type, and quality
score rather than merged into a single conclusion. Because the studies differed widely in design,
outcome, and instrument, and only five used a comparison group, often without the statistics
needed to compute comparable effect sizes, a meta-analysis was not appropriate. A narrative
synthesis was therefore conducted following the Synthesis Without Meta-analysis (SWiM)
guideline (Campbell et al., 2020). Outcomes were grouped into learning achievement, validity
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and practicality of the game, and affective outcomes and perceptions. Achievement results were
further classified by the strength of the comparison: a statistically significant advantage over a
comparison group, a statistically significant within-group pre—post gain, or a descriptive
increase without a statistical test. Effect sizes were reported as given by the original authors.
Cohen’s d expresses the difference between group means in standard-deviation units, whereas
the normalised gain (Hake, 1998) is the proportion of the possible improvement that was
achieved, calculated as (post — pre)/ (maximum — pre). Because the two indices use different
scales, they were not compared directly. Partial #* was interpreted as the proportion of outcome
variance attributable to the condition.

3. Result and Discussion
3.1. Research trends (RQ1)

The 16 included studies were published between 2018 and 2026, with a peak in 2022 (four
studies) and a renewed increase in 2025-2026 (five studies) (Figure 2a). Indonesia contributed
more than half of the studies (n =9), followed by Ecuador (n = 2) and single studies from Chile,
Greece, Iran, Portugal, and the United States (Figure 2b). Nine studies involved primary school
students and seven involved lower secondary students; no study involving upper secondary or
university students met the criteria. Research-and-development (R&D) or design-based studies
dominated (n =9), whereas only five studies used a comparison group (Bofferding & Hoffman,
2019; Malliakas et al., 2021; Morais et al., 2026; Navarrete-Ulloa & Munoz-Rubke, 2022;
Suwandayani et al., 2026) (Figure 2c). The topics were whole numbers and arithmetic
operations (n = 9, including three that covered several number topics), fractions or rational
numbers (n = 4), integers (n = 2), and powers and roots (n = 1). The characteristics of each
study are summarised in Table 3.

Figure 2
Distribution of the included studies by (a) year of publication, (b) country, and (c) education
level and research design

(a) Year of publication (b) Country (c) Level and design
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The geographical pattern mirrors that reported by Sariningtias et al. (2026) for technology-
integrated learning environments, in which a small number of countries accounted for most
studies. In this review, however, the concentration is in Indonesia, where seven of the nine

This is an open access article under the HYPERLINK "https://creativecommons.org/licenses/by/4.0/" CC BY 4.0 license.
Copyright ©2025 by Author. Published by Universitas Kristen Indonesia

299



Edumatsains, Volume 11, Issue. 2, October 2026, pp 293-310

included studies used research-and-development or design-based approaches. This productivity
is valuable for local practice, but the predominance of small, uncontrolled R&D trials limits
how far the effectiveness claims can be generalised.

Table 3.

Characteristics and quality scores of the included studies

Study Ctry Level (n) Design Topic Core Integratio Index Q
mechani n
C
Prihandoko ID  Grade7 R&D Number Race Extrinsic SINTA2 15
and (7) (mixed) track +
Yunianta question
(2021) cards
A. M. Putri ID Grade7 R&D Number Race Extrinsic SINTAZ2 15
and Setyadi (1D (mixed) track +
(2022) question
cards
Wahyuning [ID Grade9 R&D Powers Race Extrinsic SINTA2 15
sih and (30) and roots  track;
Setyadi steps by
(2020) item
difficulty
Navarrete- CL  Grade5  RCT, active Fractions Stacking Intrinsic  Scopus 24
Ulloa and (39) control blocks
Munoz- on
Rubke number-
(2022) line
tracks
Bofferding US Gradel Experiment Negative Linear Intrinsic ~ Scopus 26
and (48) integers track
Hoffman -10to
(2019) 10
moved
by *
cards
Malliakas et GR  Grade 7, Quasi- Fractions  Area Extrinsic ~ Scopus 18
al. (2021) dyslexia experiment progress
(124) ion with
solved-
example
cards
Calderon et EC Ages8-  Develop- Multi-digit Placing  Intrinsic  Scopus 19
al. (2018) 13,blind ment operations Braille (proc.)
(3) tabs in
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Suwandaya
ni etal.
(2026)

Fathurroh
man et al.
(2022)

Espinoza-
Espinosa et
al. (2022)

Nurhasanh
etal.
(2023)

Putra et al.
(2024)

Y. M. Putri
and
Andaryani
(2025)

ID

ID

ID

ID

ID

Grade 2
(60)

Secon-
dary
(70)

Grade 4
(37)

Lower
second-
ary
(target)

Grade 8
(76)

Grade 5
(6 +22)

Quasi-
experiment

Design and
develop-
ment

Develop-
ment, pre-
post

R&D (design,

validation)

One-group
pre-post

R&D

Early
numeracy

Arithmetic
statements

Addition
and
subtracti
on

Fractions

Whole
numbers
and
fractions

Fractions

place-
value
rows;
camera
feedback
Sowing
seeds
(congkla
k/manca
la)

Maze
race;
building
stateme
nts from
number
and
operatio
n cards
Race
track
with
superher
0
narrativ
e

Family
game
built on
multiple
represen
tations
Maze
race;
building
stateme
nts from
cards
and dice
Snakes
and
ladders +
question
cards

Intrinsic

Partially
intrinsic

Extrinsic

Intrinsic

Partially
intrinsic

Extrinsic

SINTA 2

Scopus

Scopus
(proc.)

Scopus

(proc.)

Scopus

SINTA 2

23

23

17

20

20

20
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Rahayu and ID Grade3 R&D Four Race Extrinsic  Scopus
Subekti operations track +
(2025) bilingual

inquiry

cards
Jafarkhani IR Gradel, Casestudy Operations Ludo Partially  Scopus
etal. (2025) dyscalcu and with intrinsic ~ (proc.)

lia (2) magnitude number

stations
Moraisetal. PT Grade6  Quasi- Integer Placing + Intrinsic  Scopus
(2026) (29) experiment  addition  booster

cards on

rocket

boards

18

22

22

Note. ID = Indonesia; CL = Chile; US = United States; GR = Greece; EC = Ecuador; IR = Iran; PT = Portugal; RCT =
randomised controlled trial; Q = Mullet quality score (7-28). Index = indexing status in the year of publication; Scopus
(proc.) = Scopus-indexed conference proceedings; #» = number of participants enrolled.

3.2. Characteristics of the board games (RQ2)

Thirteen games were physical, two were physical games accompanied by a digital version
(Espinoza-Espinosa et al., 2022; Fathurrohman et al., 2022), and one was a technology-
enhanced hybrid in which a camera and voice feedback monitored a physical board (Calderon
et al., 2018). The typical components were a printed board, pawns, dice, and decks of question,
reward, or punishment cards. Several games added thematic narratives, such as a jungle
labyrinth, an outer-space race, superheroes in the city of Quito, or a bakery, to frame the
mathematical tasks (Espinoza-Espinosa et al., 2022; Nurhasanah et al., 2023; Prihandoko &
Yunianta, 2021; Wahyuningsih & Setyadi, 2020).

Six mechanic families were identified. Race tracks combined with question or task cards were
the most frequent (n = 9): players rolled dice or answered items to advance, and correct answers
were rewarded with extra steps or tokens (e.g., A. M. Putri & Setyadi, 2022; Y. M. Putri &
Andaryani, 2025). The other families were placement or construction on the board (n = 3), a
linear number track in which movement itself represented addition and subtraction (n = 1),
sowing in the traditional game congklak (n = 1), area-based progression through scaffolded
problems (n = 1), and a family game structured around multiple representations of fractions (n
=1). In MDA terms, the race-track mechanics mostly produced competitive dynamics and an
aesthetic of challenge, while placement mechanics produced dynamics of comparison and
strategic decision-making (Hunicke et al., 2004).

3.3. Integration of number content (RQ3)

Integration type was the clearest point of divergence among the studies (Figure 3). In six
studies, the number operation was the game action. In the Building Fractions game, stacking
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blocks on two parallel number lines meant adding fractions, and comparing the lengths of the
stacks determined the winner (Navarrete-Ulloa & Munoz-Rubke, 2022). In Absolute Blast!,
launching a rocket required adding positive and negative boosters, and victory depended on the
largest absolute value (Morais et al., 2026). Moving along a board numbered from —10 to 10
made the order of integers visible (Bofferding & Hoffman, 2019), sowing congklak seeds
required continuous counting (Suwandayani et al., 2026), and placing Braille tabs in place-
value rows reproduced the structure of column arithmetic (Calderon et al., 2018). In the sixth,
a family game was designed around abstraction and multiple representations of fractions
(Nurhasanah et al., 2023). Three games were partially intrinsic: players built mathematical
statements from number and operation cards within a maze race (Fathurrohman et al., 2022;
Putra et al., 2024) or solved number challenges at Ludo stations (Jafarkhani et al., 2025). The
remaining seven games were extrinsic: the board determined movement, while the mathematics
resided in question cards that could be replaced without changing the game.

Figure 3
Mullet quality scores of the included studies by the type of content integration
28
26 o
g 24 1 [ ]
°
d .
g 22 — e M=23 e -2z
2 20 ™
3 °
& 18 4
= _— M=169
S 16 A
R ity 12
12 T T T
Intrinsic Partially intrinsic Extrinsic
(n=6) (m=3) (=7

The integration type was associated with methodological quality. Studies of intrinsically and
partially intrinsically integrated games had mean quality scores of 22.3 and 21.7, compared
with 16.9 for extrinsic games (Figure 3). Intrinsic designs also accounted for four of the five
controlled studies. In the included studies, therefore, theory-driven designs grounded in
analogical reasoning, number-line representations, or cultural practice tended to be evaluated
more rigorously and scored higher on the theoretical-framework criterion (means of 3.3, 2.7,
and 1.7 for intrinsic, partially intrinsic, and extrinsic designs; Supplementary Table S1). This
should be read as an association rather than as evidence that intrinsic integration causes better
learning, because intrinsic designs were also more often published in Scopus-indexed outlets
(five of six, compared with three of seven extrinsic designs), so publication venue and study
quality are confounded with integration type. The pattern is nevertheless consistent with the
intrinsic integration account, which holds that embedding content in the core mechanic makes
learning depend on the game actions themselves (Habgood & Ainsworth, 2011). From a
TPACK-like perspective, as used by Sariningtias et al. (2026), the strongest designs aligned
content (number relations), pedagogy (play-based exploration), and the material affordances of
the board.
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3.4. Knowledge types and cognitive outcomes (RQ4)

Procedural knowledge was the most frequent target (» = 7), mainly fluency in arithmetic
operations through repeated question cards. Three studies targeted conceptual knowledge,
namely fraction magnitude and equivalence (Navarrete-Ulloa & Munoz-Rubke, 2022;
Nurhasanah et al., 2023) and the order and value of negative integers (Bofferding & Hoffman,
2019), and six targeted both types (Table 4). Factual knowledge, such as number facts, was
rarely an explicit goal but was implicitly practised in procedural designs.

Eleven studies measured learning achievement, and the strength of their evidence differed
considerably (Table 5). Four of the five controlled studies reported an advantage of the game
condition over a comparison condition on at least one measure. Students who played congklak
outperformed a textbook control group (d = 1.27) (Suwandayani et al., 2026). In a randomised
study of Building Fractions, the game group achieved a higher normalised gain than an active
control group playing an identical game without numbers (13.26% vs. 0.73%; partial #*> = .13)
(Navarrete-Ulloa & Munoz-Rubke, 2022). Among first graders, an integer board game
produced a significant multivariate effect on integer order and value tasks but not on a number
placement task (Bofferding & Hoffman, 2019), showing that the choice of measure shapes what
learning can be detected. In Absolute Blast! the game group, which started significantly lower,
reached the level of the control group at post-test and corrected more of its errors (Morais et al.,
2026). In the fifth controlled study, dyslexic students improved significantly from pre-test to
post-test (6.02 to 11.70), but the control group also improved (6.33 to 8.62), and the between-
group difference was reported only descriptively (Malliakas et al., 2021). The remaining six
studies used one-group or case designs. Four one-group studies reported statistically significant
pre—post gains, for example from 61.43 to 82.86 (Prihandoko & Yunianta, 2021), from 47.55
to 69.27 (A. M. Putri & Setyadi, 2022), and from 10.18 to 18.97 (Putra et al., 2024), together
with normalised gains of .71 and .76 (Y. M. Putri & Andaryani, 2025). With samples as small
as seven students and no comparison group, these gains cannot be attributed to the game rather
than to additional practice or testing effects. One study reported a positive post-test without
statistical analysis (Espinoza-Espinosa et al., 2022), and a case study of two students with
dyscalculia reported gains of 42% and 58% on KeyMath-3 that were maintained at a two-week
follow-up (Jafarkhani et al., 2025). Five studies reported only validation, practicality, usability,
or perception data, so they provide evidence of feasibility rather than effectiveness (Table 5).

Table 4.
Targeted knowledge types and reported cognitive outcomes

Knowledge type  Studies Typical design feature Reported outcomes
Conceptual (n = Bofferding and Board layout Gains in integer
3) Hoffman (2019); represents the number order and value;

Navarrete-Ulloa and structure (number line, normalised gain in
Munoz-Rubke (2022); block length, multiple fraction knowledge;
Nurhasanah et al. representations) valid design

(2023)
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Procedural (n =
7)

Conceptual and
procedural (n =
6)

Calderon et al. (2018);
Espinoza-Espinosa et

al. (2022);
Fathurrohman et al.
(2022);  Prihandoko

and Yunianta (2021);
A. M. Putri and Setyadi
(2022); Rahayu and
Subekti (2025);
Wahyuningsih and
Setyadi (2020)

Jafarkhani et al
(2025); Malliakas et al.
(2021); Morais et al
(2026); Putra et al
(2024); Y. M. Putri and

Question or task cards

attached to movement;
placing digits in place-
value rows

Operations embedded
in actions (sowing,
adding boosters) or
scaffolded solved
examples

Pre-post gains in
R&D trials; usability
and practicality;
motivation

Gains over control
groups; error
correction and
stability of correct
answers; gains

Andaryani (2025); maintained at follow-
Suwandayani et al. up
(2026)
Table S.
Evidence on learning achievement in the included studies
Study Design n Comparison Measure Result Evidence Follow-
type up
Suwandayani et Quasi-exp. 60 Textbook Numeracy Post-test 78.47 vs. Sig. vs. —
al. (2026) instruction  test, 30 items 66.13; t(58) =4.96,p compariso
(a=.82) <.001;d=1.27 n
Navarrete-Ulloa  Randomise 38 Same game Fraction test, NG  13.26%  vs. Sig. vs. —
and Munoz- d exp. without 31 items (a = 0.73%; F(1, 35) = compariso
Rubke (2022) numbers .88/.89) 5.25,p =.028, partial n
n%=.13
Bofferding and Experiment 48 Control Integer order Sig. multivariate Sig. vs. —
Hoffman (2019) (gra  activity and value; effect; no effect on compariso
de number number placement n (partial)
1) placement
Morais et al. Quasi-exp. 29 Puzzle tasks Researcher- E lower at pre-test (p  Sig. on —
(2026) made test, 60 = .032), equal at change
items; error post-test (p = .342); measures
correction more errors
corrected (p <.001)
Malliakas et al. Quasi-exp. 124  Regular Fraction test, E6.02 - 11.70 (sig.); Sig. within —
(2021) teaching 8 items C6.33-8.62 E; between
groups
descriptive
Prihandoko and One group 7 — Multiple- 6143 —>  82.86; Sig. pre- —
Yunianta (2021) choice test, 10 paired ttest,p <.001 post
items
A. M. Putri and One group 11 — Multiple- 4755 - 69.27; Sig. pre- —
Setyadi (2022) choice test, 15 paired ttest,p <.001 post

items
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Putra et al. Onegroup 76 — Numeracy 10.18 - 1897, Sig. pre- —
(2024) test Wilcoxon signed- post

(validated) rank test, p <.001
Y. M. Putri and One group 6 + — Pre-posttest p < .001; N-gain .71 Sig. pre- —
Andaryani 22 and .76 post
(2025)
Espinoza- One group 37 — Questionnair  Positive post-test Descriptive —
Espinosa et al e (pre-post) results reported
(2022) without statistics
Jafarkhani et al. Case study 2 — KeyMath-3 +42% and +58% Descriptive 2 weeks;
(2025) maintai

ned

Note. NG = normalised gain (Hake, 1998); d = Cohen’s d; E = experimental group; C = comparison group; Sig. =
statistically significant. The five studies without achievement measures (Calderon et al., 2018; Fathurrohman et
al., 2022; Nurhasanah et al., 2023; Rahayu & Subekti, 2025; Wahyuningsih & Setyadi, 2020) reported validation,
practicality, usability, or motivation data only. » = number of participants analysed.

3.5. Affective outcomes and 21st-century skills (RQS)

Affective outcomes were reported in most studies, although usually with non-standardised
questionnaires. Motivation and interest increased, for example from 68% to 81% on a
motivation questionnaire (Wahyuningsih & Setyadi, 2020), and student response rates above
90% were common in the Indonesian R&D studies (Prihandoko & Yunianta, 2021; A. M. Putri
& Setyadi, 2022). For students with special needs, Math Ludo reduced math-avoidance
behaviour by 51% and increased peer interaction by 60% (Jafarkhani et al., 2025). Regarding
the 4C skills, communication and collaboration were the most visible: Absolute Blast!
stimulated students to verbalise, negotiate, and validate their reasoning (Morais et al., 2026),
and the superhero game fostered teamwork and autonomy (Espinoza-Espinosa et al., 2022).
Critical thinking was inferred from strategic decisions in placement games, whereas creativity
was mentioned but not measured in any study. This profile resembles that of technology-based
learning environments, in which collaboration and communication were also the most
frequently supported skills (Sariningtias et al., 2026), but it shows that board games achieve
these effects through face-to-face rather than mediated interaction.

3.6. Research gaps and design implications (RQ6)

Four gaps emerged. First, integers were addressed by only two studies, one with first graders
and one limited to addition in grade 6 (Bofferding & Hoffman, 2019; Morais et al., 2026). No
study examined integer subtraction, multiplication, or division, even though these operations
are central to the lower secondary curriculum. This gap is consistent with a recent needs analysis
in an Indonesian lower secondary school, which found that integer-operation instruction relied
on written practice without game-based media, that limited digital infrastructure favoured non-
digital media, and that seventh-grade students’ accuracy and efficiency in integer operations,
particularly addition and subtraction, fell short of the fluency standard (Zahida et al., in press).
Second, upper secondary and higher education were absent. Third, rigorous evidence was
scarce: only five studies used a comparison group, samples were often very small, and no study
examined retention beyond a short follow-up. Fourth, the Indonesian studies, which constitute
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the largest share of the evidence, mostly used extrinsic designs, so their gains may reflect
additional practice rather than the game mechanics themselves.

Three design principles follow from the synthesis. First, the number structure should be built
into the board and its actions, for example by representing magnitude as distance or length and
operations as movement, combination, or cancellation, rather than placing problems on
question cards (Habgood & Ainsworth, 2011; Navarrete-Ulloa & Munoz-Rubke, 2022).
Second, games should create situations that require players to explain and negotiate their
moves, because verbalisation appeared to be the route through which students corrected
misconceptions about integers (Morais et al., 2026). Third, games should be evaluated with
comparison groups, validated instruments, and delayed post-tests so that the contribution of the
mechanics can be distinguished from that of extra practice. A board game for integer operations
in lower secondary school that follows these principles would address the clearest gap identified
in this review.

This review has limitations. The Google Scholar search was limited to 500 records, and the
search string required number-related terms, so studies describing number content only in other
words may have been missed. In addition, the Semantic Scholar interface supports only simple
Boolean searches, so phrase matching in that source may have been less precise. Seven reports
could not be retrieved, and the review was limited to English and Indonesian publications.
Screening, data extraction, and quality appraisal were conducted by the first author, and all
quality scores were checked by the second author; the third author guided the conceptualisation
and direction of the review and critically reviewed the substance of the manuscript. Although
decision rules were defined in advance and every decision was documented (Supplementary
Tables S1-S4), the absence of fully independent double screening may have affected the
reliability of the selection. Finally, the Mullet rubric appraises reporting quality rather than risk
of bias, so the quality scores should not be read as estimates of bias in the reported effects.

4. Conclusion

This review synthesised 16 studies on board games for learning number and operations
published between 2018 and 2026. Regarding RQ1, the studies were concentrated in primary
(n=9) and lower secondary education (n = 7), were mostly conducted in Indonesia (n =9), and
were dominated by research-and-development designs, with only five using a comparison
group. Regarding RQ2, most games were physical and combined race tracks with question or
task cards (n = 9), followed by placement or construction mechanics (n» = 3). Regarding RQ3,
number content was intrinsically integrated in six games, partially integrated in three, and
extrinsically integrated in seven; intrinsically integrated games were more often grounded in
theory and evaluated with stronger designs, although this association does not show that
intrinsic integration causes better outcomes. Regarding RQ4, procedural knowledge was
targeted more often than conceptual knowledge; all eleven studies that measured achievement
reported improvement, but only four controlled studies showed an advantage over a comparison
condition, and most other gains came from small one-group trials. Regarding RQS5, board games
were associated with motivation, communication, and collaboration, whereas creativity was not
measured and retention was examined in only one study. Regarding RQ6, the main gaps were
the scarcity of studies on integers, with none addressing integer subtraction, multiplication, or
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division in lower secondary school, the absence of studies in upper secondary and higher
education, and the limited use of controlled designs. Future research should therefore develop
intrinsically integrated board games for integer operations in lower secondary school and
evaluate them using comparison groups, validated instruments, and delayed post-tests.
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