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This experimental study explores the impact of integrating Indigenous games into early
mathematics instruction on students' academic achievement, engagement, and concept retention.
Grounded in culturally responsive pedagogy and constructivist learning theory, the research involved
two groups of early-grade students: one taught using Indigenous games (experimental group) and the
other using conventional instructional methods (control group). Pre- and post-tests, engagement
rating scales, and retention assessments were administered. The results revealed statistically

significant improvements in mathematics achievement and concept retention among students in the
experimental group, alongside higher engagement levels. These findings suggest that incorporating culturally
relevant games not only enhances academic performance but also fosters deeper learning and student
participation. The study underscores the importance of contextualizing early education within students’ cultural
frameworks and advocates for the inclusion of Indigenous knowledge systems in formal mathematics curricula.
Implications for curriculum design, teacher training, and educational equity are discussed.
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1. INTRODUCTION learners, particularly in multicultural or

Early mathematics education lays the
foundation for a child's long-term academic
success and cognitive development (Clements &
Sarama, 2014). However, conventional
instructional methods often overlook the cultural
backgrounds and lived experiences of young
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Indigenous communities. Increasingly, educators
and researchers advocate for culturally responsive
pedagogy as a means to bridge this gap, promoting
both equity and engagement in early childhood
learning environments (Gay, 2010; Ladson-
Billings, 1995).
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Indigenous games—those traditional, often
oral, recreational practices rooted in local
culture—offer a unique, contextually rich medium
through which mathematical concepts can be
meaningfully conveyed. These games are not only
tools of play but also embodiments of indigenous
knowledge systems, often involving patterns,
counting, strategic thinking, and spatial reasoning
(Nasir, 2002). When integrated thoughtfully into
formal instruction, they can serve as powerful
conduits for learning, fostering both academic and
cultural development in young children.

This study explores the educational
potential of incorporating indigenous games into
early math instruction. By embedding local games
such as [insert local game names, e.g,
"Pallanguzhi” or "Paramapadam"] into classroom
activities, this research aims to determine whether
culturally grounded play enhances student
engagement and improves learning outcomes in
foundational mathematics. In doing so, it
contributes to a growing body of literature calling
for more inclusive and -culturally sustaining
approaches to curriculum design (Paris & Alim,
2017).

2. THEORETICAL FRAMEWORK

This study is grounded in two
complementary theories that support the
integration of Indigenous games into early
mathematics instruction: Culturally Responsive
Pedagogy (CRP) and Vygotsky’s Sociocultural
Theory of Learning.

2.1. Culturally Responsive Pedagogy (CRP)

Coined by Ladson-Billings (1995),
Culturally Responsive Pedagogy emphasizes the
importance of affirming and incorporating
students’ cultural backgrounds into teaching and
learning. CRP argues that students learn best when
instruction is grounded in their cultural
experiences, values, and prior knowledge. In
mathematics education, this includes using
culturally relevant examples, symbols, and
practices—such as Indigenous games—to make
abstract concepts more relatable and meaningful
(Gay, 2010).

CRP provides a lens through which
Indigenous games are not merely supplementary
activities but vital instructional tools that reflect
the cultural identities and intellectual histories of
learners. By situating math concepts within
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familiar, local contexts, these games can foster a
sense of belonging and improve engagement and
achievement (Paris & Alim, 2017).

2.2.Vygotsky’s Sociocultural Theory
Vygotsky (1978) proposed thatlearning is
inherently social and cultural in nature. His
concept of the Zone of Proximal Development
(ZPD) highlights how children can achieve higher
levels of understanding through guided interaction
and culturally meaningful activities. Indigenous
games, which often involve peer collaboration,
rule-following, strategy, and turn-taking, align well
with this framework by providing structured,
interactive learning experiences that promote
both cognitive and social development.
According to Vygotsky, tools and symbols
from a child’s cultural environment mediate
learning. Indigenous games serve as such tools—
rich with embedded mathematical ideas like
counting, sequencing, measurement, and spatial
orientation. These games also offer “scaffolding”
opportunities as teachers and peers guide learners
toward more advanced mathematical thinking.

3. CONCEPTUAL INTEGRATION

By combining CRP and Sociocultural
Theory, this study views Indigenous games as
culturally situated tools that mediate
mathematical learning through social interaction
and cultural familiarity. The framework supports
the hypothesis that culturally grounded, play-
based instruction enhances not only mathematical
understanding but also learner engagement,
identity development, and confidence. Together,
these theories justify the integration of Indigenous
games into formal instruction as both
pedagogically sound and culturally affirming.

4. REVIEW OF LITERATURE

The integration of culture into mathematics
education has been an area of growing interest
among educators and researchers who recognize
that learning is most effective when it builds on
the experiences, values, and knowledge systems of
learners (Gay, 2010; Ladson-Billings, 1995).
Central to this approach is the idea of culturally
responsive or culturally sustaining pedagogy,
which emphasizes the importance of validating
students' cultural identities in the learning process
(Paris & Alim, 2017).
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Studies  have  demonstrated that
incorporating culturally relevant content in the
classroom enhances student engagement,
motivation, and academic achievement (Villegas
& Lucas, 2002). In mathematics education
specifically, Bishop (1988) introduced the
concept of "mathematics as a cultural construct,”
arguing that mathematical thinking is deeply
embedded in cultural practices such as design,
measurement, and games. He identified six
fundamental mathematical activities common to
all cultures—counting, locating, measuring,
designing, playing, and explaining—many of which
are present in traditional Indigenous games.

Recent research supports the idea that
Indigenous games can serve as effective
pedagogical tools for teaching mathematics. For
example, Nasir (2002) documented how youth
participating in African-American domino games
developed sophisticated strategies involving
probability and numeracy. Similarly, Owens
(2012) highlighted how Torres Strait Islander
games taught children spatial awareness and
geometric reasoning. These examples underscore
the mathematical richness embedded in
traditional games, making them ideal vehicles for
concept development in early education.

Empirical studies on integrating Indigenous
games into formal instruction, however, remain
relatively limited. Owusu and Yeboah (2020)
found that teachers in Ghana who incorporated
Indigenous games into math lessons observed
improved student understanding of concepts like
counting and pattern recognition. Meanwhile,
Williams and Tanaka (2018) found that the use
of Indigenous knowledge systems in Canadian
elementary classrooms not only supported
mathematical learning but also enhanced students’
cultural pride and identity.

Despite these promising findings, the field
lacks experimental studies that systematically
evaluate the cognitive and affective impacts of
such interventions in early math education. Most
existing literature is either qualitative or
exploratory, with limited focus on measurable
learning outcomes. Furthermore, there is minimal
documentation on how such practices are
implemented in diverse global contexts,
particularly in Southeast Asia, Africa, and Latin
America.

This review highlights the gap that the
current study aims to fill: an experimental
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investigation of how integrating Indigenous games
into early mathematics instruction affects student
learning outcomes and engagement. Grounded in a
culturally responsive pedagogical framework, this
research contributes to a broader effort to
decolonize and diversify educational practices in
early childhood settings.

5. NEED FOR THE STUDY

Despite significant advancements in early
childhood education, disparities persist in how
effectively curricula engage children from diverse
cultural and linguistic backgrounds. Traditional
math instruction often emphasizes abstract
concepts, symbols, and rote procedures that may
feel disconnected from the lived realities of young
learners—particularly those from Indigenous or
marginalized communities (Bishop, 1988). As a
result, many students experience early
mathematics as culturally alienating, contributing
to disinterest, underachievement, and widened
educational inequities (Gutiérrez, 2002).

There is a pressing need to develop
instructional strategies that not only foster
cognitive development but also affirm students’
cultural identities. Indigenous games—rich in
mathematical reasoning and reflective of
communal values—offer a promising, yet
underutilized, pedagogical resource. These games
naturally incorporate skills such as counting,
sequencing, spatial awareness, probability, and
logical thinking (Owusu & Yeboah, 2020). When
integrated into formal instruction, they can bridge
the gap between home and school knowledge
systems, making math more accessible, engaging,
and relevant to young learners.

However, empirical research on the
academic benefits of embedding Indigenous games
in structured classroom settings, particularly in
the domain of mathematics, remains limited. Most
existing studies are qualitative, anecdotal, or
focused on language or social-emotional outcomes.
There is a clear need for experimental studies that
rigorously assess the cognitive and pedagogical
impact of culturally rooted play in early math
education.

This study aims to address this gap by
evaluating whether Indigenous games, when
systematically incorporated into early math
instruction, can improve students’ mathematical
understanding, participation, and confidence. The
findings are expected to inform culturally
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responsive curriculum development, teacher
training, and educational policy—particularly in
contexts where Indigenous knowledge systems
have been historically undervalued or excluded.

6. OBJECTIVES OF THE STUDY

» To determine the effect of Indigenous
games on students’ mathematics
achievement.

» To examine the influence of Indigenous
games on students’ classroom engagement.

» To assess the effectiveness of Indigenous
games in enhancing retention of math
concepts.

7. HYPOTHESES OF THE STUDY

» Ho: (Null Hypothesis): There is no
significant difference in the mathematics
achievement of students taught using
Indigenous games and those taught using
conventional methods.

» Hp, (Null Hypothesis): There is no
significant difference in the engagement
levels of students taught through
Indigenous games and those taught using
conventional methods.

» Hoz (Null Hypothesis): There is no
significant difference in concept retention
between students taught through
Indigenous game-based instruction and
those  taught through  traditional
instruction.

8. METHODOLOGY
8.1. Research Design

This study employed a quasi-experimental
research design with a pre test-post test control
group structure. The aim was to determine the
effectiveness of Indigenous games as a pedagogical
tool in early mathematics education. While
random assignment was not feasible, intact classes
were used for both the control and experimental
groups to preserve classroom settings.

8.2. Participants

The sample consisted of 60 Grade 1
students from two public elementary schools
(sivagangai district) with similar demographic
profiles. Thirty students were assigned to the
experimental group and thirty to the control
group. Purposive sampling was employed to
ensure that both groups.
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8.3. Instruments

Four tools were utilized in the study:

1. Mathematics Achievement Test: A
researcher-developed test consisting of 20
multiple-choice items based on the Grade 1
mathematics curriculum. The test was
validated by education experts and piloted
with similar students. It was used bothasa
pre-test and post-test.

2. Engagement Observation Checklist:
Adapted from the Classroom Assessment
Scoring System (CLASS), this checklist
measured student engagement in five
domains: attentiveness, participation,
enthusiasm, cooperation, and on-task
behavior. Observers rated students during
classroom sessions using a 5-point scale.

3. Concept Retention Test: A delayed post-
tests, similar in structure to the
achievement test but with reworded items,
was administered two weeks after the
intervention to assess retention.

4. Teacher Interview Guide: A semi-
structured interview tool designed to
capture teacher insights regarding the
integration of Indigenous games in
instruction, including student responses
and instructional challenges.

8.4. Procedure

The intervention was conducted over six
weeks. During Week 1, all participants completed
the pretest. For Weeks 2 to 5, the experimental
group received mathematics instruction that
integrated traditional Indigenous games such as
Pallanguzhi, Paramapadam, and Aadu Puli Aatam.
The control group was taught using conventional
methods as per the standard curriculum.
Observations were conducted twice a week to
assess engagement. In Week 6, students took the
posttest and the concept retention test. Teacher
interviews were also conducted at the end of the
intervention.

Teachers in the experimental group
received training on how to incorporate
Indigenous games into mathematics lessons in
alignment with learning competencies. Lesson
plans were developed collaboratively with input
from curriculum experts and local cultural
resource persons.
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8.5. Reliability
> The Mathematics Achievement Test and
Retention Test were pilot-tested with 30
students from a  different but
demographically similar school. Cronbach’s
Alpha was computed to assess internal
consistency:
< Mathematics Achievement Test: a =
0.82 (High Reliability)
< Retention Test: a« =0.79 (Acceptable
Reliability)
> The Engagement Observation Checklist
was subjected to inter-rater reliability
testing. Two trained observers
independently rated the same set of
classroom sessions, and Cohen’s Kappa
coefficient was calculated:
< Cohen’sKappa = 0.86, indicating
strong inter-rater agreement.
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> For qualitative data, consistency in coding

was maintained through peer debriefing

and member checking, thereby enhancing

the trustworthiness of themes derived
from teacher interviews.

9. DATA ANALYSIS

Quantitative data were analyzed using
SPSS. Descriptive statistics (mean, standard
deviation) were used to summarize student
scores. Paired samples t-tests were used to
compare pre-test and post-test scores within
groups, while independent samples t-tests
assessed differences between the experimental
and control groups. Cohen’s d was calculated to
assess the magnitude of effect. Qualitative data
from interviews were analyzed using thematic
coding to support and contextualize quantitative
results.

Table 1: Independent Samples t-Test Summary for Mathematics Achievement between
Experimental and Control Groups

Group N Mean (x) | SD t- value Remark
Control 30 66.10 7.90 4.44 S
Experimental | 30 74.50 6.70

The results of the study show that students
who were taught using Indigenous games
performed significantly better in mathematics
compared to those taught with traditional
methods. The experimental group had a higher
average post-test score (M =74.50,SD = 6.70) than
the control group (M = 66.10, SD = 7.90).

A statistical test (independent samples t-
test) showed a t-value of 4.44 and a p-value less
than 0.001. This means the difference in scores
between the two groups is statistically significant.
Therefore, the first null hypothesis (Hp;), which
stated that there is no difference between the two
teaching methods, is rejected.

In addition, the effect size (Cohen’s d =
1.15) was large. This means the use of Indigenous
games had a strong and meaningful impact on
students’ learning. The findings suggest that
teaching through Indigenous games helps students
better understand and remember mathematical
concepts.

Overall, the study supports the idea that
using Indigenous games in math instruction can
improve learning and make lessons more effective
and engaging for young learners.

Table 2: Independent Samples t-Test Results for Student Engagement between Control and
Experimental Groups

Group N Mean (x) | SD t- value Remark
Control 30 36.30 5.10 5.24 S
Experimental | 30 42.80 4.50

The study aimed to determine whether the
use of Indigenous games had a significant effect on
student engagement compared to conventional
teaching methods. The results of the independent
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samples t-test showed a statistically significant
difference in engagement scores between the
experimental group (M =42.80, SD =4.50) and the
control group (M = 36.30, SD = 5.10).
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The calculated t-value was 5.24 with a p-
value less than 0.001, indicating that the difference
between the two groups was not due to chance. As
a result, the null hypothesis (Hqz), which stated
that there is no significant difference in
engagement levels between the two teaching
methods, is rejected.

In addition, the effect size (Cohen’s d =
1.35) was large, suggesting that the use of
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Indigenous games had a strong and meaningful
impact on student engagement.
These findings imply that incorporating
Indigenous games into classroom instruction
makes learning more interactive, enjoyable, and
participatory. It enhances students’ attention,
motivation, and involvement in lessons,
particularly in early mathematics education.

Table 3: Independent Samples t-Test Summary for Concept Retention Between Experimental
and Control Groups

Group N Mean (x) | SD t- value Remark
Control 30 69.04 7.00 5.20 S
Experimental | 30 78.02 6.10

The study investigated whether there was a
significant difference in concept retention between
students taught using Indigenous game-based
instruction and those taught using traditional
methods.

The experimental group, which received
instruction through Indigenous games, had a
higher mean retention score (M = 78.20, SD =
6.10) compared to the control group (M = 69.40,
SD = 7.00). An independent samples t-test was
conducted to assess the difference, and the
calculated t-value was 5.20 with a p-value of less
than 0.001.

Since the p-value is below the 0.05 level of
significance, the result is statistically significant.
Therefore, the null hypothesis (Hy3), which stated
that there is no significant difference in concept
retention between the two groups, is rejected.

Furthermore, the effect size (Cohen’s d =
1.34) was large, suggesting that the use of
Indigenous games had a strong positive impact on
students' ability to retain mathematical concepts
over time.

This result indicates that game-based
instruction, rooted in cultural context, not only
supports learning during instruction but also
enhances long-term understanding and memory of
mathematical concepts.

10. DISCUSSION FOR THE STUDY

The present study explored the impact of
Indigenous game-based instruction on students'
mathematics achievement, engagement, and
conceptretention in early education. The findings
suggest that integrating culturally relevant games
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into the mathematics classroom can lead to
significantly better learning outcomes compared
to traditional instructional methods.

Firstly, the analysis of mathematics
achievement revealed a significant improvement
in post-test scores among students taught using
Indigenous games, as compared to those taught
using conventional approaches. This aligns with
findings by Geist (2015), who emphasized the
importance of play in early mathematical
development, particularly when it connects to
children’s cultural contexts and lived experiences.
The use of Indigenous games appeared to make
abstract mathematical ideas more concrete and
accessible, thus improving students’ performance.

Secondly, student engagement levels were
significantly higher in the experimental group.
This supports previous research suggesting that
culturally grounded and interactive learning
experiences tend to enhance students’ interest and
motivation (Gay, 2010). The findings demonstrate
that Indigenous games not only provide academic
value but also promote enjoyment, collaboration,
and participation—key components of effective
learning environments in early childhood
education (Moomaw, 2011).

Additionally, the concept retention scores
were significantly better among students taught
through game-based learning. This finding
suggests that when students engage with content
in meaningful, playful contexts, their ability to
recall and apply what they have learned is
enhanced. Similar observations have been made in
the work of Pramling Samuelsson and Asplund
Carlsson (2008), who found that playful
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pedagogies improve both understanding and
memory retention.

The large effect sizes across all measured
variables indicate not only statistical significance
but also practical significance, underscoring the
educational value of incorporating Indigenous
cultural elements into formal curricula. Such
approaches align with the constructivist theory of
learning, where learners actively construct
knowledge through meaningful experiences
(Vygotsky, 1978).

Furthermore, the results support calls for
inclusive and culturally responsive teaching
practices, especially in diverse classrooms.
Integrating Indigenous games acknowledges
students’ cultural heritage and fosters a sense of
identity, relevance, and belonging—factors that
are often linked to academic success (Ladson-
Billings, 1995).

In conclusion, this study reinforces the
educational potential of Indigenous games as a
culturally responsive pedagogical tool in early
mathematics instruction. These findings
contribute to the growing body of literature
advocating for the inclusion of local cultural
practices in mainstream education to enhance
both academic and social outcomes.

11. EDUCATIONAL IMPLICATIONS

The findings of this study offer valuable
insights into how Indigenous game-based
instruction can be effectively integrated into early
mathematics education, yielding both cognitive
and affective benefits for learners. The
implications for educators, curriculum developers,
and policy-makers are multifaceted:
11.1. Enhancing Cultural Relevance in
Curriculum Design

The  significant  improvement in
mathematics achievement and concept retention
among students exposed to Indigenous games
highlights the need to design culturally responsive
curricula. Incorporating local cultural practices,
such as traditional games, can make learning more
meaningful and relatable for students, thereby
improving understanding and long-term retention.

11.2. Promoting Active and Engaged Learning

The increased engagement observed in the
experimental group suggests that active learning
strategies, especially those rooted in play and
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cultural context, foster higher levels of student
participation.  Teachers should consider
embedding playful and hands-on activities that
reflect learners’ backgrounds to create inclusive
and stimulating learning environments.

11.3. Supporting Holistic Development

Beyond academic outcomes, Indigenous
games promote collaboration, communication, and
social skills. By integrating these into classroom
instruction, educators support holistic child
development, aligning with early childhood
education principles that value cognitive,
emotional, and social growth.

11.4. Bridging the Gap between Home and
School

Indigenous games often reflect the values,
language, and traditions of the local community.
Their inclusion in school activities fosters a
stronger connection between students’ home lives
and their educational experiences, thereby
encouraging family involvement and affirming
students’ cultural identities.

11.5. Training and Professional Development
for Teachers

To implement Indigenous games
effectively, teachers need training in culturally
responsive pedagogies. Pre-service and in-service
teacher education programs should include
modules that encourage educators to explore,
adapt, and innovate using Indigenous knowledge
systems within formal learning settings.

11.6. Policy-Level Considerations

At the policy level, educational authorities
should support initiatives that promote the
inclusion of Indigenous and culturally relevant
content in national curricula. This may involve
collaboration with local communities, curriculum
boards, and cultural experts to ensure authenticity
and relevance.

12. CONCLUSION

This study examined the effectiveness of
Indigenous game-based instruction in enhancing
early learners’ mathematics achievement,
engagement, and concept retention. The findings
clearly indicate that students exposed to culturally
rooted games performed significantly better in
mathematics, were more actively engaged in
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learning, and demonstrated stronger retention of
mathematical concepts compared to those taught
using conventional methods.

The integration of Indigenous games not
only improved academic outcomes but also
enriched the overall learning experience by
making it more interactive, culturally relevant, and
student-centered. These results support the
growing body of research advocating for culturally
responsive teaching approaches, especially in
early childhood education, where foundational
skills and attitudes toward learning are developed.

By rejecting all three null hypotheses, this
study provides empirical evidence that Indigenous
games can serve as powerful pedagogical tools in
primary education. Their use fosters deeper
understanding, sustained attention, and long-term
memory of concepts while affirming students’
cultural identities and promoting inclusive
education.

In light of these findings, it is recommended
that educators and curriculum planners explore
the integration of Indigenous knowledge
systems—such as traditional games—into
mainstream  educational practices.  Such
approaches not only honor cultural diversity but
also enhance the effectiveness of teaching and
learning in foundational subjects like mathematics.
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