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Abstract

The stagnation of mathematical literacy among students in regional Indonesia necessitates
culturally resonant pedagogical interventions. This study examines the efficacy of integrating
Masalili weaving, a traditional textile from Southeast Sulawesi, into the geometry curriculum
to enhance mathematical literacy and student interest. Using a quasi-experimental

design with a non-equivalent control group, 256 sixth-grade students were recruited. The
experimental group received instruction via an ethnomathematics-based module, while

the control group followed the conventional curriculum. Multivariate Analysis of Variance
(MANOVA) revealed a significant multivariate effect for the instructional method p < .001,
with a large effect size observed for both cognitive and affective outcomes. Follow-up
univariate tests confirmed that students in the experimental group achieved substantially
higher levels of mathematical literacy and demonstrated greater learning interest compared
to the control group. Furthermore, no significant interaction was found between the
instructional method and gender, indicating the inclusive nature of the intervention. These
findings suggest that Masalili weaving serves as a vital “cognitive bridge” that facilitates the
transition from indigenous knowledge to formal geometric reasoning, providing a scalable
model for culturally responsive pedagogy in regional settings.

Keywords: Ethnomathematics, Masalili Weaving, Mathematical Literacy, Geometry,
Elementary School

In the globalized 21st-century educational frameworks. It involves the
landscape, mathematical literacy has become  capacity to formulate, employ, and interpret
a fundamental competency within modern mathematics in various contexts to describe
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and predict phenomena (Cajandig &
Ledesma, 2025; OECD, 2023b). High levels
of mathematical literacy, as demonstrated in
leading educational systems like Singapore
and J apan, are strongly correlated with

a nation’s innovation index and socio-
economic resilience (Mullis et al., 2020).
However, for many developing nations,
achieving these benchmarks remains a
persistent challenge.

The 2022 Programme for
International Student Assessment (PISA)
report reveals a concerning trend for
Indonesia, where mathematical scores
dropped to 366 points, the lowest level
since the survey began (OECD, 2023b).

A significant majority of Indonesian
students fail to reach the minimum level of
proficiency, a situation that is often amplified
at the regional level. In Southeast Sulawesi,
for instance, the average competency score
of 55.6 lags behind the national target of
70 (OECD, 2023a; Smith & Sya’diyah,
2024; Wulakada, 2024). This gap indicates
that regional educational outcomes require
targeted interventions to align with national
standards.

The stagnation of mathematical
literacy in rural Indonesia is often
attributed to the abstraction gap. Traditional
pedagogical approaches frequently present
mathematics as a rigid set of symbols
detached from the students’ social and
cultural reality (Boaler, 2002; Radford,
2021). In Southeast Sulawesi, students often
perceive geometry as a collection of formulas
to be memorized rather than a functional tool
to describe their surrounding world (Smith &
Sya’diyah, 2024). This cognitive dissonance
creates a barrier where students perform rote
calculations but fail to apply mathematical
reasoning to practical situations, ultimately
hindering the development of higher-order
thinking skills.

This perceived irrelevance leads to
a double failure in the learning trajectory.
On a cognitive level, the lack of contextual
meaning prevents deep conceptual
understanding, resulting in fragile knowledge
(Jovchelovitch, 2019; Lodge et al., 2018).
On an affective level, it triggers a decline in
student interest and academic self-efficacy
(Hendrickson, 2021). When mathematics is
perceived as alien to one’s identity, it breeds
disengagement, which may discourage
students from pursuing STEM-related fields

(Bryant, 2021). To bridge this gap, educators
need a cognitive anchor a medium that

is mathematically rigorous yet culturally
resonant.

Ethnomathematics offers a framework
to address this issue by reconstructing
mathematics as a culturally embedded
practice (Kumar & Gopinath, 2025). By
integrating the learner’s cultural identity,
ethnomathematics serves as a tool that
translates abstract symbols into meaningful
local narratives (Sata, 2024). In the Muna
Regency of Southeast Sulawesi, the Masalili
weaving tradition represents a significant
pedagogical resource (Irayanti, 2022). These
textiles feature intricate patterns such as
pata and bhia-bhia, which are constructed
using principles of symmetry, reflection, and
tessellation consistent with formal Euclidean
geometry (Pathuddin et al., 2024).

Despite its mathematical density,
Masalili weaving has historically remained
an unwritten curriculum, flourishing as
indigenous knowledge outside formal
education (Wulakada, 2024). Previous
research in this field has been predominantly
qualitative, focusing on ethnographic
descriptions of motifs without providing
the empirical evidence required to validate
their efficacy in a formal curriculum (Boaler,
2002; Smith & Sya’diyah, 2024). There is
a critical need to move beyond identifying
math in culture towards measuring how
culture improves math, specifically by
quantifying its impact on cognitive and
affective outcomes.

This study enriches the existing
literature by transitioning the discourse of
ethnomathematics from purely descriptive
ethnography to empirical validation.

While previous scholars have successfully
identified mathematical properties within
various socio-cultural activities (Fernandez-
Oliveras, Alicia Espigares-Gamez, 2021;
Fouze & Amit, 2018), this research provides
a necessary quantitative bridge by isolating
Masalili weaving as a tool to remediate the
‘abstraction gap’ in rural settings. These
findings carry practical implications that
extend to several key stakeholders. For
curriculum designers, this study offers a
validated framework for integrating local
wisdom into the Kurikulum Merdeka.
Additionally, it provides policymakers with
empirical evidence to support indigenous-
based STEM initiatives, while for the



HUMAN RESEARCH IN REHABILITATION, 2026, 16(2): 696-704

698

Muna community, this research transforms
their weaving heritage into a recognized
pedagogical instrument.

This research addresses this empirical
void by examining the functional utility
of culture in improving mathematical
performance. By isolating Masalili weaving
as a specific pedagogical tool, this study
employs a quantitative quasi-experimental
design to assess its impact on students’
mathematical literacy and interest in learning.
Specifically, the study is guided by the
following hypotheses:

H1: Students taught with the Masalili
weaving-based module achieve significantly
higher mathematical literacy scores than
those taught with conventional methods.

H2: Students taught with the
Masalili weaving-based module demonstrate
significantly higher learning interest than
those taught with conventional methods.

H3: There is no significant interaction
between the instructional method and gender
regarding students’ mathematical literacy and
interest, suggesting the inclusive nature of
the proposed intervention.

Method

This study employed a quasi-
experimental design with a non-equivalent
control group. This methodology was
selected because the random assignment
of individual students into groups was not
feasible within the existing administrative
constraints of the public school system.
Instead, intact classrooms were designated
as either experimental or control units. To
account for the non-random assignment, both
groups underwent pre-testing and post-testing
to measure the baseline equivalence and the
subsequent impact of the intervention.

Participants and Sampling

The study population comprised
Grade 6 (Sixth Grade) students from state
elementary schools in the Kendari region,
Southeast Sulawesi. A total of 256 students
(N=256) participated, recruited using a multi-
stage cluster random sampling technique.
In the first stage, eight public elementary
schools were randomly selected from the
regional school database. In the second
stage, one Grade 6 classroom was chosen
from each school. These schools were then
assigned into two clusters: the experimental

group (n=128) from four schools and the
control group (n=128) from the remaining
four schools. To prevent treatment diffusion,
the schools in the experimental and control
groups were located in different geographical
sub-districts, ensuring that students and
teachers from both groups had minimal
interaction during the study period. This
multi-school approach was adopted to
minimize the teacher effect and ensure that
any observed improvements were attributable
to the ethnomathematical intervention rather
than the specific instructional style of a single
teacher.

The Masalili Weaving Pedagogical
Intervention

The intervention for the experimental
group was conducted over eight 90-minute
sessions, with a strong emphasis on
maintaining treatment fidelity. To achieve
this, all participating teachers in the
experimental group underwent a 16-hour
professional development workshop to
standardize the implementation of the
Masalili Geometry Module. The core of the
treatment involved utilizing physical Masalili
fabrics as a primary pedagogical tool to
deconstruct complex geometric motifs.

The instructional process began
with an identification phase, where students
categorized basic geometric shapes, such
as triangles and rhombuses, within the Pata
motif to build foundational recognition. This
was followed by a transformation phase,
during which students overlaid transparent
grids on the fabric to identify reflection
axes in the Bhia-Bhia motif and calculate
translation vectors through hands-on
exploration. Finally, in the synthesis phase,
students translated these cultural aesthetics
into formal mathematical coordinates by
creating their own geometric patterns based
on Masalili principles. In contrast, the control
group followed the conventional national
curriculum via direct instruction, utilizing
standard textbooks without the integration of
cultural artifacts.

Instruments and Data Collection

Data collection was facilitated
through two primary instruments designed
to capture cognitive and affective outcomes.
The Mathematical Literacy Test comprised
20 items, including multiple-choice and
short-essay questions, developed based on the
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PISA Space and Shape framework (OECD,
2022). The test specifically targeted students’
ability to identify and apply principles
of reflection, translation, and rotational
symmetry, with scores ranging from 0 to 100
(Siahaan et al., 2021). Essay responses were
evaluated using a standardized analytical
rubric to ensure scoring consistency. This
instrument underwent rigorous validation
by three experts in mathematics education
and demonstrated high internal consistency
with a Cronbach’s Alpha coefficient of 0.84
(Zajic& Maksimovic, 2022).

Additionally, a Student Interest
Scale was employed, consisting of a 25-item
Likert-scale questionnaire adapted from
the ARCS model (Attention, Relevance,
Confidence, and Satisfaction) (Li & Moore,
2018; Yulianto et al., 2024). The items
were measured using a 5-point Likert scale,
ranging from 1 (Strongly Disagree) to 5
(Strongly Agree), to quantify the degree of
student engagement and perceived value
of the instructional material (Whitehead
& Whitehead, 2020; Zajic & Maksimovic,
2022). This scale yielded a Cronbach’s Alpha
of 0.89 (Zajic & Maksimovic, 2022). To
mitigate potential internal validity threats and
establish baseline equivalence, a pretest was
administered to both groups. An independent
sample t-test was subsequently conducted
on these pretest scores, confirming that no
significant initial differences existed between
the experimental and control groups in terms
of mathematical literacy and interest.

Ethical Considerations

Prior to data collection, formal
procedures were strictly followed to ensure
ethical compliance. Official permission was
obtained from the Education and Culture
Office of Kendari and the participating school
principals. All participants’ parents provided
written informed consent, and students were
explicitly informed that their participation
was entirely voluntary, with a guarantee that
all personal data would remain anonymous
and be used strictly for academic purposes.

Statistical Analysis

To test the research hypotheses,
Multivariate Analysis of Variance
(MANOVA) was performed using SPSS
version 25. In addition to analyzing post-
test scores, the Normalized Gain (N-Gain)
score was calculated for each participant
to quantify the actual improvement
in mathematical literacy and interest,
effectively neutralizing any slight variations
in baseline scores. This technique was
selected to account for the theoretical
correlation between literacy and interest
while controlling for Type I error inflation,
which occurs when conducting multiple
independent univariate tests on the same
dataset. Before the main analysis, the data
were subjected to prerequisite testing,
including the Kolmogorov-Smirnov test
for normality and Box’s M test for the
homogeneity of variance-covariance
matrices. All statistical procedures were
conducted with a significance level of alpha
=0.05.

Result

Descriptive Statistics

The study involved a total of 256
students, divided into an experimental
group (n=128) and a control group (n=128).
Descriptive statistics were calculated to
compare the baseline (pre-test) and post-
intervention outcomes for both groups.

As shown in Table 1, the experimental
group demonstrated a substantial gain

in mathematical literacy, with the mean
score rising from 73.80 (SD = 6.48) at
pre-test to 87.04 (SD = 4.73) at post-test.
More importantly, student interest in the
experimental group showed a significant shift
from a pre-test mean of 2.27 (SD = 0.36) to
a post-test mean of 4.06 (SD = 0.54) on a
5-point Likert scale. In contrast, the control
group’s literacy and interest scores remained
relatively stagnant, with literacy moving
from 73.56 to 73.52, and interest showing
only a marginal increase from 2.22 to 2.34.
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Table 1.
Detailed Descriptive Statistics Disaggregated by Group
Group Variable N Min Max Mean Std. Dev
Pre-test 128 62,00 86,00 73,7969 6.48118
Literacy
Post-test 128 64.00 96,00 87.0391 473120
E . Literacy
xperimental Pre-test
re-tes 128 1,50 2,75 2.2656 0.36283
Interest
Post-test 128 2,75 5,00 4.0625 0.54067
Interest
Pre-test 128 60,00 88,00 73,5625 6,95514
Literacy
Post-test 128 60,00 88,00 73,5156 7,14637
Literacy
Control Pre-test
re-tes 128 2.75 22227 0.36618 1.50
Interest
Post-test 128 3.50 2.3359 0.35277 1.50
Interest

Assumptions Testing

The normality of the data was

rigorously assessed using the Kolmogorov-

Smirnov and Shapiro-Wilk tests,

disaggregated by group. As shown in Table

2, the significance values indicated that the

Table 2.

variables deviated from a normal distribution
(p <.05). In the experimental group, this
deviation is specifically linked to a ceiling
effect caused by the intervention’s success in
raising scores toward the upper limit of the

scale.

Tests of Normality for Mathematical Literacy by Group and Gender

Variable Group

Kolmogorov-Smirnov*

Shapiro-Wilk

Statistic df Sig. Statistic  df Sig.

Pretest_Literacy Experimen .145 128 .000 .956 128 .000
Control .092 128 .010 972 128 .009

Post_Literacy Experimen 174 128 .000 916 128 .000
Control .083 128 .031 973 128 .012

Pretest_Interest Experimen 210 128 .000 .862 128 .000
Control 214 128 .000 .859 128 .000

Post_Literacy Experimen 127 128 .000 961 128 .001
Control 179 128 .000 925 128 .000

a. Lilliefors Significance Correction

Note: Lilliefors Significance Correction applied.

Despite these deviations, the

multivariate analysis proceeded because

MANOVA is robust to violations of

normality when group sizes are equal,
and the sample size is large (N=256).

Furthermore, the homogeneity of the
variance-covariance matrices and error
variances was tested to ensure the validity of
the parametric analysis (see Table 3).

gzzlne;;.y of Homogeneity Tests (Box's M and Levene's Test)

Test Type Metic Value df Sig.

Box’s M F-statistic 15.257 3 .000

Levene's Test Post-test Interest 25.115 1,254 .000
Post-test Literacy 21.898 1,254 .000
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Although Box’s M test indicated a
violation of the homogeneity of covariance
matrices (p< 0.001), the analysis remained
valid due to the perfectly balanced design (n,
=n, = 128). As recommended by Tabachnick

I*Zldell (2019), Pillai’s Trace was prioritized
as the main multivariate test criterion in
the subsequent analysis due to its superior
robustness against such violations. Visual
inspections of Q-Q plots confirmed sufficient
linearity and the absence of extreme outliers,
further justifying the use of parametric
analysis as suggested by Hair et al. (2021).

Multivariate Analysis of Variance
(MANOVA)

To determine the simultaneous effect
of the ethnomathematics intervention on

students’ mathematical literacy and interest,
a one-way MANOVA was performed.
Although Wilks’ Lambda is commonly
reported, this study utilizes Pillai’s Trace as
the primary multivariate test statistic. This
decision was based on its superior robustness
against violations of normality and the
homogeneity of variance-covariance matrices
(Box’s M), as observed in our preliminary
assumption testing (see Table 3).

As summarized in Table 4, the results
revealed a significant multivariate effect for
the instructional method, F (2, 253) = 605.29,
p <0.001, with a Pillai’s Trace value of
0. 827 The obtained Partial Eta Squared
(1 = 0.827) indicates that 82.7% of the total
variance in the combined dependent variables
is explained by the group membership.

Table 4.
Summary of Multivariate and Univariate Analysis Results
2
Test Value F df Sig. e
Multivariate Pillai's Trace 605.29 2,253 <.001 0.827
Univariate Post-test Interest 915.54 1,254 < 001 0.783
Posttest Literacy 3¢ 69 1,254 <.001 0.556
According to the effect size Discussion

interpretation benchmarks established by
Cohen (1988), a Partial Eta Squared value
exceeding 0.14 is classified as 2 large effect.
Consequently, the observed, 1, 2 values for
the multivariate effect 0.827, student interest
0.783, and mathematical llteracy 0.556 all
signiﬁcantly surpass this threshold, indicating
that the Masalili weaving-based intervention
has a profound and substantial impact

on both cognitive and affective learning
outcomes.

Following the significant multivariate
results, follow-up univariate tests (ANOVA)
were conducted to examine the effect of the
intervention on each dependent variable
separately. The results confirmed a significant
impact on mathematlcal literacy, F (1, 254)
=318.69, p < 0.001, 13 = 0.578, and student
interest, F (1, 254) =915.54, p < 0.001, ??p
0.203.

Furthermore, these findings support
the overarching efficacy of the proposed
intervention in improving both cognitive and
affective outcomes simultaneously.

The findings of this study provide
robust empirical evidence that the
integration of Masalili weaving into the
geometry curriculum significantly enhances
both cognitive and affective outcomes
for elementary school students. The
multivariate analysis revealed a substantial
effect size M3 = 0.827, indicating that the
ethnomathematical intervention accounts for
82.7% of the variance in students’ combined
mathematical literacy and interest. According
to the criteria established by Cohen (1988),
an effect size of this magnitude is classified
as large and even approaches the extreme
category, confirming that the impact of
the Masalili weaving module is not only
statistically significant but also pedagogically
profound. These results move beyond
mere ethnographic description, validating
ethnomathematics as a high-fidelity
pedagogical tool in formal education.

The significant 1mprovement in
mathematical literacy scores T,'p 0.556
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suggests that Masalili weaving
serves as a cognitive bridge that facilitates
the transition from informal cultural
knowledge to formal geometric reasoning.
By deconstructing motifs like Pata and
Bhia-Bhia, students were able to visualize
abstract transformation geometry concepts,
reflection, translation, and rotation within a
familiar context. This supports the Realistic
Mathematics Education (RME) framework,
where learning begins with real contexts
(D’Ambrosio & Rosa, 2017; Fredriksen,
2021; Van den Heuvel-Panhuizen & Drijvers,
2020).

Furthermore, the observation of a
ceiling effect in the experimental group
indicates that the module was exceptionally
effective. This finding is consistent with the
research by Batiibwe (2025) and Mosimege
& Egara (2023), which emphasizes that
ethnomathematical contexts allow students
to achieve higher levels of mastery
because the learning material is no longer
perceived as an abstract burden. Similarly,
Braun, et, al. (2021) found that in regional
African contexts, integrating local artifacts
significantly reduced the perceived difficulty
of geometry, mirroring the high success rate
observed in the Masalili group. This suggests
that grounding mathematics in local artifacts
provides a low-floor, high-ceiling task
environment where complex geometric logic
becomes accessible to all students.

The intervention also yielded a
significant impact on student interest 7], =
0.783. The substantial increase in interest is
likely driven by the relevance dimension of
the ARCS model. When students recognize
their own cultural heritage as a legitimate
source of mathematical knowledge, it
validates their cultural identity.

This result aligns with the findings
of D’ Ambrosio & Rosa (2017), Kumar &
Gopinath (2025), Pathuddin (2024), and Sata
(2024), who argue that ethnomathematics
transforms the classroom into a space
of cultural discovery rather than rote
memorization. Furthermore, research by
Cruz, et, al. (2020), and Siwatu, et, al. (2016)
indicates that culturally responsive pedagogy
fosters mathematical self-efficacy, as students
no longer view mathematics as a Western
import but as a universal activity that belongs
to their community. As noted by Aikenhead
(2021) and Bishop (1991), this integration
makes mathematics more humane, shifting

the student’s perspective from fearing
mathematics to valuing its utility.

The results demonstrate that
textile-based ethnomathematics provides
a democratized learning platform. By
utilizing local wisdom, the curriculum
becomes less intimidating and effectively
bridges the abstraction gap. This supports
the argument that indigenous artifacts
are active pedagogical catalysts capable
of raising mathematical standards in
resource-constrained regional settings
without requiring expensive technology, a
strategy increasingly supported by modern
ethnomathematical research (D’ Ambrosio &
Rosa, 2017).

Despite the strong effect sizes, several
limitations must be acknowledged. First, the
presence of the ceiling effect suggests that
future iterations should implement more
robust challenge tasks to further stretch
student abilities. Second, while the results
show immediate gains, longitudinal studies
are required to evaluate long-term retention.

In conclusion, this study demonstrates
that Masalili weaving is a vital pedagogical
tool that effectively bridges the cognitive
abstraction gap, fostering a deeper sense
of mathematical relevance and proficiency
among learners.

Conclusion

This study concludes that the
integration of Masalili weaving into the
mathematics curriculum significantly
enhances both the mathematical literacy
and learning interest of elementary school
students by bridging abstract geometric
concepts with their cultural reality.

These findings are highly valuable to the
professional public, including curriculum
designers and mathematics educators, as
they provide a practical, low-cost, and non-
technological pedagogical framework easily
replicable in resource-constrained classrooms
globally. Furthermore, this research enriches
the existing ethnomathematics literature

by moving beyond traditional descriptive
ethnography to offer rigorous quantitative,
experimental validation of the actual
cognitive and affective efficacy of culturally
responsive instruction.

Ultimately, while the observed
ceiling effect suggests a need for more
complex challenge tasks in future iterations
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to further differentiate student abilities,

this research provides a scalable model

for culturally responsive pedagogy. It is
strongly recommended that educational
policymakers and practitioners integrate local
ethnomathematical resources into national
curriculum frameworks to foster a more
inclusive, culturally validating, and high-
achieving mathematical learning experience.
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