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ABSTRACT

The Pythagorean theorem and the ability to abstract are two important elements in mathematics, but they
actually become problems. Therefore, this study aims to determine the impact of digital learning materials
based on deep learning integrated with Bafzk culture on students’ abstraction abilities in Pythagorean
theorem learning. This study used the ADDIE model development design. The participants in the study
were 32 students (16 boys and 16 gitls, aged 13-14 years) from one of the junior high schools in Medan,
Indonesia. The instruments in the study were digital teaching materials and student abstraction ability tests.
Data were analyzed using qualitative data analysis and nonparametric statistics. The research results revealed
that the integration of culture within the framework of deep learning proved essential in digital teaching
materials. The implementation ran smoothly because the materials were developed based on the needs of
the students and incorporated cultural elements, making them familiar to the students. The research findings
also revealed that the digital teaching materials were able to optimize students’ abstraction abilities, with
male students showing better abstraction skills than female students. The study recommended that future
researchers examine the factors that caused male students to be more dominant in abstraction.

Keywords: Abstraction abilities, Bazak culture, deep learning, digital teaching materials, Pythagorean
theorem

INTRODUCTION

The Pythagorean theorem represents a fundamental mathematical concept with widespread applications across
various fields, from analytical geometry to modern technology (Chiotis, 2021; Kapofu & Kapofu, 2020; Sol et al.,
2025; Wittmann, 2021). However, despite its numerous benefits, the learning of the Pythagorean theorem
continues to face significant challenges (Bariyah et al., 2024; Suanto et al., 2024). One prominent example of these
challenges is students’ limited abstraction ability (Alghadari & Noor, 2020).

Abstraction ability refers to an individual’s capacity to understand concepts without relying on concrete objects
(Lohr, 2022). In the context of the Pythagorean theorem, abstraction skills encompass not only conceptual
understanding but also the ability to transfer knowledge to new situations and formulate generalizations (Hidayat
& Iksan, 2018; Nurhadi & Darhim, 2021). Reseatch in cognitive psychology indicates that integrating cultural
context into learning can enhance the abstraction process, as cultural integration provides students with familiar
and meaningful mental schemas (Holden et al., 2021; Shadiev et al., 2024). Within the Bafak cultural context,
mathematical and geometric concepts are naturally embedded in various artifacts, including weaving patterns,
traditional architecture, and traditional measurement systems. This cultural integration offers potential as a
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cognitive bridge for students’ abstract understanding of the Pythagorean theorem (Fachrudin et al., 2020). Hence,
embedding cultural artifacts such as Bafak architecture provides not only contextual relevance but also a cognitive
bridge for mathematical abstraction.

While several studies have explored approaches to optimize abstraction skills in Pythagorean theorem learning,
significant methodological gaps persist. Moutsios-Rentzos et al. (2014) demonstrated the potential of visual
manipulative materials; however, their approach did not integrate digital technology and remained limited to a
Western context. Similarly, Alghadari and Noor (2020) identified students’ dependence on procedural knowledge
but failed to provide a systematic solution for optimizing students’ abstract thinking. Lian et al. (2023) showed that
the Chinese edition of ZJE learning materials effectively optimized students’ abstraction skills through systematic
evidence presentation. Nevertheless, this approach remained confined to printed learning materials without
incorporating technology and local cultural elements.

A critical gap exists in the scarcity of research that combines three essential elements: leveraging technology
and deep learning to personalize learning for enhanced adaptability, integrating local cultural contexts as
meaningful cognitive bridges, and focusing comprehensively on developing abstraction skills that encompass not
only deductive reasoning but also concept transfer and generalization. The integration of technology and deep
learning enables learning adaptation according to individual patterns, which is anticipated to overcome the
limitations of printed instructional materials (Fauskanger & Bjuland, 2018; Maspiroh et al., 2025; Omoniyi, 2025;
Ozer & Demirbatir, 2023). Meanwhile, the integration of Batak culture is expected to provide a more meaningful
and accessible learning context for abstract Pythagorean theorem concepts compared to cross-cultural comparison
approaches (A. S. Abdullah, 2016; Linuhung et al., 2025; Prahmana et al., 2021).

This study addresses the aforementioned gap by developing a systematic learning model that integrates
technology and deep learning for personalized instruction, incorporates Batak cultural context for meaningful
learning experiences, and emphasizes the development of abstraction skills. This integrated approach is anticipated
to enhance not only students’ conceptual understanding but also their knowledge transfer and generalization
capabilities, which constitute the fundamental components of abstract thinking in mathematics. Accordingly, this
research aims to examine the effects of culturally integrated, deep learning-based digital instructional materials on
students’ abstraction abilities in Pythagorean theorem learning. To achieve the research objectives, the researcher
formulates several research questions, including:

RQ1: What is the form of teaching materials for the Pythagorean theorem that optimizes abstraction skills?

RQ2: How is the implementation of culturally integrated deep learning teaching materials in the learning of

the Pythagorean theorem?

RQ3: How is the description of students’ abstraction abilities after the implementation of culturally

integrated deep learning teaching materials?

METHOD

Research design

The research design used was developmental research using the ADDIE model combined with quasi-
experimental testing. This design was chosen because it was relevant to the research objectives, which aimed to
develop learning tools based on a deep learning approach integrated with culture to optimize students’ abstraction
abilities (Ali, 2021; Shakeel et al., 2023). In this research, ‘deep learning’ refers to a pedagogical model focusing on
higher-order thinking and reflection, not artificial intelligence algorithms. The ADDIE model also assisted
researchers in analyzing the cultural context and abstraction needs for learning, helped in formulating a learning
approach that integrated culture, aided in the production of culturally based contextual teaching materials, ensured
authentic and reflective practices in learning, and helped in providing feedback on students’ cultural understanding
and abstraction (Spatioti et al., 2022).

Participants

Participants in this study were divided into several groups. The first group of students were made respondents
in the learning needs survey activity. The students in this group were those who had already received instruction
on the Pythagorean theorem. The second group consisted of six students who were used as participants for the
small group trial. The third group consisted of 32 students aged approximately 13 to 14 years (16 boys and 16
gitls). This group of students had varying initial mathematics abilities: low, medium, and high. These variations in
initial mathematical ability served as baseline measurements to control for confounding variables and ensure that
research results were truly attributable to the treatment provided rather than students’ pre-existing mathematical
abilities (Clarke et al., 2019; Olalowo, 2020). Furthermore, these criteria were employed to assess the effectiveness
of learning interventions in groups with heterogeneous abilities, thereby enabling generalization of the research
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findings (Cueli et al., 2019). The group was selected through purposive sampling primarily because they had not
yet studied the concept of the Pythagorean theorem in class.

Regarding participant selection, this study had several limitations that limited its generalizability. First, the
relatively small sample size of 32 students potentially limited the statistical power of the findings, particularly in
detecting learning effect sizes. Second, participants were recruited from only one school in a specific geographic
area, thereby constraining the external validity and generalizability of the findings to other educational contexts,
particularly cultural settings beyond the Bafzk context. Third, although the purposive sampling method was
methodologically appropriate for the study’s objectives, it allowed for potential selection bias and limited the
random representativeness of the broader population. These limitations suggest that the study’s findings should
be interpreted cautiously, and replication studies with larger and more diverse samples should be conducted before
making recommendations for broader implementation. Specifically, these constraints limit the applicability of the
findings to diverse cultural contexts.

Instrumentation

The main instrument in this research was digital teaching materials based on deep learning integrated with Batak
culture. Digital textbooks were used to obtain data related to student responses during the learning activities. Some
additional instruments used included validation sheets, student response questionnaires regarding the learning
devices, and abstraction ability tests. The validation sheets were used to obtain data related to the feasibility of all
teaching devices used in the learning process. The student and teacher response questionnaires were used to gather
data related to the feasibility of the teaching devices from the students’ perspective. The teacher response
questionnaire consisted of 25 statements, and the student response questionnaire consisted of 20 statements, to
which participants responded using a 4-point Likert scale.

Meanwhile, the abstraction ability test was used to obtain information related to the students’ level of
abstraction, both before and after the learning process. In fact, the abstraction test had already integrated cultural
clements. As illustrated in Figure 1, cultural integration utilized traditional architectural elements, traditional
clothing, and spatial arrangements to create a culturally meaningful mathematical context. Figure 1 presents
examples of employing the structure of a traditional Toraja house, which shares the same cultural roots as the
traditional Batak house, as a platform for investigating geometric relationships and spatial reasoning. Additionally,
the integration incorporated the configuration of traditional ceremonial settings to explore abstract mathematical
thinking and traditional weaving patterns (Ulos) to examine mathematical sequences and pattern recognition.

Figure 1. Excerpt on the Integration of Batak Culture in Abstract Ability Test Questions

This test instrument was designed to activate students’ prior cultural knowledge while simultaneously assessing
their mathematical abstraction abilities at various cognitive levels.

The abstraction ability test was systematically designed based on cognitive theory and relevant indicators of
abstraction, including pattern recognition, generalization, symbolic representation, and conceptual knowledge
transfer. The abstraction ability test items were structured to progress from concrete manipulative tasks to
increasingly abstract symbolic operations, integrating Piaget’s cognitive development framework with Van Hiele’s
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geometric thinking levels (Cerovac & Keane, 2025; Moore et al., 2024). The test instrument consisted of two
contextual problems with two derived questions related to Batak and Malay culture, distributed across four levels
of abstraction ability to ensure comprehensive assessment.

A comprehensive, four-level assessment rubric was developed and validated by experts. Level 1 (concrete)
referred to students’ ability to physically manipulate or use visual aids to solve problems. Level 2 (semi-concrete)
is related to students’ ability to effectively use pictorial and diagrammatic representations. Level 3 (semi-abstract)
addressed students’ ability to use simplified symbolic notation with minimal visual support. Meanwhile, Level 4
(abstract) was demonstrated through students’ ability to fully manipulate symbols and make generalizations. Each
test item was assessed using the rubric with detailed criteria and established inter-researcher reliability protocols.
Content validity was rigorously established through assessments from three experts in mathematics education and
two experts in cultural education who evaluated the items’ suitability, cultural authenticity, and alignment with
indicators of mathematical abstraction ability. The validation results indicated that the abstraction ability test met
the evidence of validity requirements with recommendations for minor improvements. A snippet of the cultural
integration used in the test questions was shown in Figure 1. All additional instruments were accessible on the
following page: student and teacher response questionnaires, as well as the abstraction ability test.

Data collection procedure

The data collection procedure in this study followed the ADDIE steps: analysis, design, development,
implementation, and evaluation (Ali, 2021; Shakeel et al., 2023). In the analysis stage, the researcher analyzed the
learning needs by conducting a student needs survey. During the design phase, the researcher designed a deep
learning-based learning tool integrated with Bazak culture. In the development stage, the researcher developed the
product, starting with the creation of a learning video based on a previously designed storyboard. At this stage, the
researcher also provided engaging and culturally appropriate text and images. Additionally, the researcher validated
the learning tool with two material experts and three media experts. Afterwards, the researcher revised the learning
tool based on the validators’ suggestions for improvement.

The implementation stage in this study was divided into two activities: a small group trial involving six students
and a large group trial involving 32 students. Finally, the researcher evaluated all stages to revise the previously
developed learning tool. The research procedure was illustrated in Figure 2.

05

Evaluation

Implementation

Figure 2. Research Procedure

Data analysis procedure

The data in this study were analyzed by combining various analytical techniques. Survey, implementation, and
evaluation data were analyzed using qualitative data analysis consisting of three steps: data reduction, data display,
and conclusion (Moon et al., 2022; Sridana et al., 2025; Sukarma et al., 2024).

The researcher reduced data that were considered less relevant to the research objectives and did not further
analyze those data during the data reduction phase. The researcher presented representations of important data
using various forms, such as descriptions, tables, or images, during the data display phase. At the conclusion stage,
the researcher made connections between the representation results and the research objectives. Inter-rater
reliability yielded a » value of 0,83 based on independent qualitative coding performed by two trained researchers,
indicating substantial agreement.
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Concerning abstraction ability, data were analyzed quantitatively. Assumption tests revealed that the data were
not normally distributed (Shapiro-Wilk test: W = 0,89, p < 0,05 for all measures) with non-homogeneous variance
(Levene’s test: F = 4,23, p < 0,05). Therefore, nonparametric statistical analyses were employed. The non-
parametric analyses utilized the Wilcoxon signed-rank test and the Mann-Whitney U test to determine whether the
culturally integrated deep learning instructional materials significantly improved students’ abstract thinking skills.
A significance criterion of p < 0,05 was established, whereby values below this threshold indicated that the
instructional materials had produced a significant effect on abstract thinking skills (Holmes, 2020; Thakkar, 2025).
The bootstrap method was employed to calculate robust 95% confidence intervals for all effect size estimates,
thereby providing precise indicators of the magnitude of the observed differences.

Descriptive statistics employed included measures of central tendency, variability, and distribution shape for all
variables. Percentage achievement was calculated for each abstraction ability indicator under pre- and post-test
conditions and was stratified by gender to examine potential differential effects. Data were analyzed separately for
male and female students. Subsequently, the analysis results were compared to determine whether gender had
affected students’ abstraction abilities during mathematics learning using the Bafak culture-integrated deep learning
approach. The gender-based analysis involved calculating separate effect sizes and confidence intervals to
determine both the statistical significance and practical significance of any observed differences in the development
of abstraction abilities between male and female students.

RESULTS AND DISCUSSION

RESULTS

RQ1: What is the form of teaching materials for the Pythagorean theorem that optimizes
abstraction skills?

Based on the results of the previous survey, it was found that the developed teaching materials were
recommended to integrate Batak cultures. This was because most of the students came from the Batak ethnic
groups. In other words, integrating that culture was expected to be one of the efforts to preserve the culture. After
understanding the form of integration and the appropriate learning framework, the researcher developed a digital
teaching module based on Batak cultures. The recommended learning framework based on survey results was deep
learning. An example of the initial appearance of the digital teaching module can be seen in Figure 3.

c 3C &

THE SCRET OF THE TRIANGLE IN
BATAK LAND

Getting to Know the Pythagorean Theorem

Figure 3 contained several cultural elements from the Bazak people of Indonesia. First, the traditional Bazak
house, namely Batak Toba, appeared on the left and right upper sides of the image. Second, the traditional Bazak
clothing that used Ulss woven fabric. Third, the traditional Bafak musical instruments, namely Gondang ot Taganing,
were shown on the lower right side of the image. Fourth, the Tor-Tor Sipitu Cawan dance, which was a traditional
dance of the Batak people.

The digital teaching module was designed systematically by following a deep learning framework that consisted
of nine learning steps. First, students explored the awatreness of the benefits of the material being studied in the
context of cultural preservation, making the learning more meaningful. Second, students listened to the learning
objectives conveyed by the teacher to ensure the targets of the learning. Third, students answered several
prompting questions about their previous experiences and knowledge related to the Pythagorean theorem, making
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the learning more meaningful because the students were prepared to learn. Fourth, students were oriented towards
the problem. At this step, students strove to understand the problem according to their comprehension.

Fifth, the organization of students for learning. In this activity, students sought relevant information and began
asking guiding questions to solve the problem. Sixth, students conducted an investigation using the information
and answers from the guiding questions to develop strategies for solving the problem. Seventh, students developed
and presented the results. At this step, students implemented the strategies previously devised and then presented
the results in the form of a written report and a presentation in front of the class. Eighth, students analyzed and
evaluated the problem-solving process through reflective discussions during the presentation of the previous
results. Students validated each other’s solutions at this step. Ninth, students reflected on the concepts learned.

At this step, students also received appreciation from the teacher for the learning that had been carried out. A
summary of the framework was shown in Table 1.

Table 1. Nine-step framework

Learning Steps  Learning Stages Description of Main Activities
1 Contextual awareness Students explored the benefits of the material being studied in a cultural
context.
2 Goal setting Students listened to the learning objectives presented by the teacher.
3 Prior knowledge Students answered prompt questions about the Pythagorean theorem to
activation explore their prior experiences and knowledge.
4 Problem orientation Students understood the problem presented by the teacher.
5 Learning organization Students explored the information needed to formulate a solution to the
problem.
6 Investigation Students investigated the problem to develop a strategy for solving it.
7 Development and Students implemented the strategy and then presented their solution.
presentation
8 Analysis and evaluation  Students analyzed other groups’ answers and evaluated the concepts
learned together.
9 Reflection and Students reflected on the solutions or concepts learned and received
appreciation recognition from the teacher.

Meanwhile, the student worksheets developed in this research contained problems and the steps students took
to solve them. The problem involved the use of the Bazak traditional house, namely the Bolon House. Students in
the worksheet were asked to investigate how the Pythagorean theorem was applied to the structure of the Bolon
House. The excerpt of the problem used in the students” worksheet can be seen in Figure 4.

RQ2: How is the implementation of culturally integrated deep learning teaching materials in the

learning of the Pythagorean theorem?
The learning implementation was systematically documented through three key phases: initial

The Bolon house is a traditional house
of the Batak people of North Sumatra.
Its architecture features a high, towering
roof, resembling a triangle. Triangular
shapes are also found on the entrance
stairs and supporting pillars. Lets
explore how mathematical elements,
specifically the Pythagorean Theorem,
are applied to the structure of the Bolon
house.

Figure 4. Example Problems on Student Worksheets

abstraction, geometric abstraction, and application of the Pythagorean theorem. In general, the
implementation of deep learning teaching materials integrated with Bafak cultures ran according to the
learning scenarios outlined in the teaching module. At the beginning of the activity, the teacher conveyed
the learning objectives, which were to understand the concept of the Pythagorean theorem. Thereafter,
the students expressed that quite a few houses or traditional clothing of the Bazak tribes used triangular
motifs, including right-angled triangles. The students were then given several preliminary questions about
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the square and square root of a number to ensure their prerequisite skills were adequate for learning
related to the Pythagorean theorem.

The following outlined phase 1 (initial abstraction/problem understanding). In this phase, students were asked
to solve the problem. The initial step that students took when solving a problem was understanding the problem.
This activity was the initial stage of the abstraction process that students undertook. In this activity, students
answered several prompting questions provided on the student worksheet. Some examples of prompting questions
presented were: What shape was the roof of a Bolon house? What was the type of geometry of the Bolon house
structure? How did you use the Pythagorean theorem to find the height of the Bolon house roof? Analysis of
student responses revealed that approximately 85% of students correctly identified the roof shape as a triangle,
while 78% correctly recognized the right triangle within the structure. Most students answered that the shape of
the Bolon house roof was triangular. Some students answered that the geometry of the Bolon house structure was
right-angled and wrote down the Pythagorean theorem formula when asked to find the height of the Bolon house
roof. Examples of student answers can be seen in Figure 5.

Understanding the Problem (Initial Abstraction)
Write down the important things from the story above:

= What shape does the roof of a Bolon house look like? M550 Sk .
- What type of geometry is used to build a Bolon house? /. L N S e annsmnmnsnsitss

. How to use the Pythagorean theorem to find the height of a roof

Bolon house? - “~.z..x3.4(‘:.}...1{k .....................................................................

Figure 5. Example of Student Answers in Geometry Abstraction Activities

The second phase focused on geometric abstraction and visual representation. After performing the initial
abstraction, the students presented a visual representation. In this activity, students performed geometric
abstraction on the model of the Bolon traditional house roof. Students drew the shape of a triangle along with the
names for each side of it. Systematic analysis of student work revealed that 82% of students were able to create
accurate geometric representations with appropriate labeling of triangular components. A snippet of the students’
answers in this activity could be seen in Figure 6.

Visual Representation (Geometric Abstraction)

Draw a triangular model of the roof of a Bolon house and mark its sides. Use the letters a, b,

and c to na’me the sides.

S =54 10

Figur.é‘ 6. Example ofStudent Answers in the Initial Abstraction Activity

8

2\

The third phase focused on the application of the theorem and problem solving. The next activity was for
students to solve problems by applying the Pythagorean theorem to the problems that had been presented earlier.
In this activity, students implemented the Pythagorean theorem formula to determine the height of the Bolon
traditional house. Quantitative analysis of student solutions revealed that 76% of participants provided
mathematically correct answers, while the remaining 24% exhibited procedural errors primarily in calculations
rather than conceptual understanding. Some students provided correct answers, while others made mistakes in
their responses. However, most students were able to correctly determine the height measurement of the traditional
house’s roof. A snippet of the students’ answers could be seen in Figure 7.

Solving Problems (Application of Pythagorean Theorem)
Use the formula:
a?+b*=¢?

a = halfroof base

b = roof height (asked)

¢ = hypotenuse

Show your calculations below:

l \ ¢ : {E:“P'
I\f/ St 2 V20 = Jsy . oSS
F 4
Figure 7. Example of Student Answers in the Application of the Pythagorean Theorem Activity
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After ensuring that all students were able to determine the height measurement of the Bolon house roof, the
learning activity continued with the final one. The activity began with students summarizing the material they had
learned that day. The students then expressed that the Pythagorean theorem played a significant role in the Batak
cultural context. This was because almost all buildings, clothing, or traditional objects contained the concept of
the Pythagorean theorem. The learning activity was then concluded with some information related to the material
that would be studied in the next meeting and a closing greeting from the teacher.

RQ3: How is the description of students’ abstraction abilities after the implementation of culturally

integrated deep learning teaching materials?

Following implementation, student abstraction abilities were analyzed to determine overall improvement in
mathematical abstraction skills. Statistical analysis revealed that the abstraction abilities of all participants (n = 32)
improved significantly, with effect sizes indicating practical significance beyond statistical significance. Based on
the results of the descriptive analysis, it was found that most male students scored above 80 on the post-test. In
fact, there were several students who scored 100. When compared to the pre-test scores, there was an improvement
in students’ abstraction abilities. During the pre-test, most students scored abstraction values ranging from 43,75
to 56,25.

The following describes the results based on the abstraction ability indicator performance. In relation to the
indicators, around 52% of students were able to identify mathematical objects, whereas after the implementation,
information showed that around 87% of students were able to identify the characteristics of mathematical objects
well. Regarding the indicator of generalizing patterns, about 51% of students were able to do so before the
implementation. However, around 89% of students were able to generalize patterns after the implementation. This
improvement represented a 35% increase in the object identification indicator and a 38% increase in pattern
generalization ability.

Gender-based analysis with methodological considerations was conducted in this section. In other words, the
implementation of culturally integrated deep learning teaching materials was able to optimize the abstraction
abilities of male students. Similarly, the analysis results also indicated that there was an increase in the abstraction
abilities of female students after the implementation of culturally integrated deep learning teaching materials. It
was proven that during the pre-test, the average percentage for the indicator of identifying mathematical objects
was only 48,44% and 45,31% for the indicator of generalizing patterns. Meanwhile, during the post-test, 76,56%
of students were able to identify object characteristics, and 78,13% were able to generalize patterns.

Statistical validation of the improvements was conducted in this section. Statistical analysis revealed a significant
improvement in students’ abstraction abilities following the implementation of the instructional materials. The
output from SPSS Statistics 25 is shown in Figures 8 and 9. Figure 8 provided information that all the ranks
formed were positive ranks. In other words, there was an increase in students’ abstraction ability scores after the
implementation.

Ranks
Sum of
N Mean Rank Ranks
Total_Post- Total_Pre  Negative Ranks 0? .00 .00
Positive Ranks 32° 16.50 528.00
Ties 0°
Total 32
a. Total_Post < Total_Pre
b. Total_Post > Total_Pre
¢. Total_Post= Total_Pre

Figure 8. Ranks of All Students’ Abstract Thinking Abilities

Test Statistics®

Total_Post-
Total_Pre

Z -4.963°
Asymp. Sig. (2-tailed) .000
a. Wilcoxon Signed Ranks Test

b. Based on negative ranks.

Figure 9. Statistical Test of Abstract Thinking Ability of All Students
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Meanwhile, Figure 9 provided information that there was a significant increase in students’ abstraction ability
scores after the implementation. It was proven that the significance of Z was 0,000 (less than 0,05). The analysis
results also reached a similar conclusion when the analyzed data were separated based on gender. The analysis
results for male students revealed a significant improvement in abstract thinking ability. This improvement was
evidenced by all male students having positive ranks (Figure 10) with a Z significance value of 0,000 (less than
0,05) (Figure 11).

Ranks
Sum of
N Mean Rank Ranks
Total_Post- Total_Pre  Negative Ranks 0* .00 .00
Positive Ranks 16° 8.50 136.00
Ties 0°
Total 16
a. Total_Post < Total_Pre
b. Total_Post > Total_Pre
c. Total_Post= Total_Pre

Figure 10. Ranks of Male Students’ Abstraction Ability

Test Statistics®

Total_Post-
Total_Pre

7i -3.545°
Asymp. Sig. (2-tailed) .000
a. Wilcoxon Signed Ranks Test

b. Based on negative ranks.

Figure 11. Test Statistics of Male Students’ Abstract Thinking Ability

Likewise, for female students, the analysis results revealed a significant improvement in the abstraction abilities
of female students after the implementation of deep learning teaching materials. It was proven that all data showed
positive ranks (Figure 12) with a Z significance value less than 0,05; namely, 0,000 (Figure 13).

Ranks
Sum of
N Mean Rank Ranks
Total_Post- Total_Pre  Negative Ranks 0? .00 .00
Positive Ranks 16° 8.50 136.00
Ties 0°
Total 16
a. Total_Post < Total_Pre
b. Total_Post > Total_Pre
c. Total_Post= Total_Pre

Figure 12. Ranks of Female Students’ Abstraction Abilities

Test Statistics®

Total_Post-
Total_Pre

z -3.535°
Asymp. Sig. (2-tailed) .000
a. Wilcoxon Signed Ranks Test

b. Based on negative ranks.

Figure 13. Test Statistics of Female Students’ Abstract Thinking Ability

Gender differences were examined from the perspective of findings and limitations. Abstraction ability scotes
of male students differed significantly from those of female students following implementation. It was proven that
the Z significance value for the post-test data was less than 0,05, namely 0,007 (Figure 14). Meanwhile, the Z
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significance value for the pre-test data was greater than 0,05, namely 0,073. Although a statistically significant
difference emerged between the post-test scores of male and female students (p = 0,007), several important
limitations should be acknowledged in interpreting these findings.

Test Statistics®

Total_Post  Total_Pre

Mann-Whitney U 58.000 80.000
Wilcoxon W 194.000 216.000
Z -2.676 -1.865
Asymp. Sig. (2-tailed) .007 .062
Exact Sig. [2*(1-tailed .007° 073°
Sig.)]

a. Grouping Variable: JK
b. Not corrected for ties.

Figure 14. Test Statistics Comparison of Abstract Thinking Ability Between Male and Female

First, this study did not control for potential confounding variables that could influence the observed gender
differences, such as prior math achievement levels that may differ between groups, varying levels of engagement
with digital learning materials, sociocultural expectations regarding math performance that may influence student
motivation and effort, and differences in spatial reasoning abilities that were not independently measured. Second,
the sample size for the gender-based analysis was relatively small (16 male and 16 female students), which limited
the generalizability of these findings. Third, the study design did not include qualitative data collection that could
provide insight into the mechanisms underlying potential gender-based differences in learning outcomes.

Therefore, although the statistical analysis indicated a significant difference, the results of this study should be
interpreted with caution. The observed differences may reflect a variety of unmeasured factors rather than inherent
gender-based learning differences. Future research should use larger sample sizes, control for relevant covariates,
and include qualitative investigations to better understand gender-related patterns in the development of
abstraction skills. In other words, there was a significant difference in scores between male and female students
after the implementation of culturally integrated deep learning teaching materials, although the initial scores of
abstract thinking abilities for both genders were the same. In fact, male students had higher abstract thinking scores
than female students, both before and after the implementation (Figure 15). The combined boxplot of pre-test
and post-test abstraction ability scores by gender was shown in Figure 16.

Ranks
Sum of
JK N Mean Rank Ranks
Total_Post 1 16 20.88 334.00
2 16 1213 194.00
Total 32
Total_Pre 1 16 19.50 312.00
2 16 13.50 216.00
Total 32

Figure 15. Ranks Comparison of Abstract Thinking Ability between Male and Female Students

a0

BO

T

G0

Abstraction Ability Scone

50

40 I

Female-Past Farmale-Pra Male-Post Male-Pre
Group

Figure 16. Combined Boxplot of Pre-test and Post-test Abstraction Ability Scores by Gender
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DISCUSSION

The study’s results revealed that integrating Bafak cultural elements into a digital learning module for learning
the Pythagorean theorem improved students’ mathematical abstraction skills. While these results align with those
of Nur et al. (2020) and Kusaeri et al. (2019), who found the learning experiences relevant to the students’ cultural
context, a more critical analysis of these findings is needed. Like other research in this area, this study encountered
challenges in separating the specific contributions of cultural content from other pedagogical factors. Several
previous studies have reported positive results from integrating culture into mathematics learning (Deda et al.,
2024; Padang & Lubis, 2023; Prahmana et al., 2021; Supriadi, 2019). However, other literature suggests that these
positive results may be due to other pedagogical factors. For example, while Fouze and Amit (2018) found that
cultural integration is beneficial in mathematics learning, other research also suggests that cultural relevance alone
may not be sufficient to guarantee improved mathematical competence for students but rather requires alignhment
between the cultural context and other learning objectives and aspects (Kolovou, 2023; Shultz et al., 2022). The
limitations of this study’s experimental design, which lacked a control group, such as the use of a digital deep
learning module that did not integrate cultural elements, are critical to this finding.

Furthermore, this integration was expected to support achieving national education goals through the
realization of one of the dimensions of the graduate profile: global diversity. The existence of vatious forms of
traditional objects was expected to habituate students to be able to abstract various contextual objects encountered
in daily life (Kusuma et al., 2024). The formation of number sense was another goal expected through the
integration of that culture (Linuhung et al., 2025).

Moreover, the integration of a deep learning framework appears to support a more engaging and meaningful
learning experience. The results of this study are consistent with the findings of Fauskanger and Bjuland (2018).
However, various studies reveal more nuances in the implementation of deep learning. For example, while
Feriyanto and Anjariyah (2024) found that deep learning can increase student engagement and understanding,
other studies reveal that such implementation faces several challenges, such as time constraints, teacher
preparedness, and varying student receptivity to student-centered learning approaches (Haji et al., 2025; Matobobo
& Risinamhodzi, 2022).

This research also tended to rely heavily on teacher facilitation and the use of prompting questions. While
theoretically sound, these two factors may actually be contributing factors to the positive outcomes of cultural
integration in this study. Noor et al. (2025) suggest that the quality of scaffolding is often more important than the
integration of cultural content into learning. These findings raise a new question regarding whether a digital
teaching module that does not integrate Bazak culture but uses the same trigger questions and teacher facilitation
scheme will also have a positive impact on students’ mathematical abstraction abilities in learning the Pythagorean
theorem.

Furthermore, some examples of meaningful learning in this deep learning teaching material include the
integration of culture, the use of prompting questions to explore students’ experiences, the identification of real-
world problems, the development of communication and collaboration skills, and the reinforcement of meaning
through reflection activities during learning. Some examples of enjoyable learning implementation in this teaching
material include the use of learning media through storyline applications, as well as providing recognition and
building student motivation through appreciation during the learning process. This is based on the theory that the
use of learning media tends to make learning more enjoyable because it is more contextual (Arthur et al., 2022;
Boozer & Simon, 2020; Isnawan et al., 2025; Romadiah et al., 2022). These activities are expected to facilitate the
optimization of students’ abstraction abilities. An example of conscious learning in this teaching material is student-
centered learning by positioning the teacher as a facilitator during the learning process. The teacher does not
provide direct answers while students solve problems but only presents prompting questions and scaffolding when
students encounter obstacles in solving them (Sukarma et al., 2024). The approach is intended so that students
become accustomed to abstraction when there is no teacher, as in everyday life contexts.

Regarding the implementation results, this research reveals that the implementation of culturally integrated
deep learning-based digital teaching materials was implemented successfully. This is due to good planning before
the implementation. The results of this study align with the research by Isnawan, Alsulami, and Sudirman (2024),
which reveals that planned learning tends to proceed smoothly. This is because various possible student responses
during the learning process have been well-considered by the teacher who prepares the teaching materials (Fitriati
et al., 2023; Isnawan, Alsulami, Bonyah, et al., 2024). Even when discussing lesson study activities, the existence of
a plan becomes the main step before conducting open class activities or implementing learning (Joubert et al.,
2020; Nursyahidah et al., 2023; Xu & Meng, 2023).

From a more critical perspective, this successful implementation does not necessarily validate the effectiveness
of the learning. It is possible that the results found in this study represent the Hawthorne effect, which assumes
that students perform better in learning because they receive more attention during the lesson (Tamur et al., 2021).
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Furthermore, it could be that the integration of digital technology is actually the cause of the positive response,
rather than the integration of cultural elements, as previously described. Future studies should replicate this design
with control groups to isolate cultural and digital factors.

In the initial learning activities, students express that there are quite a few traditional houses or clothing,
especially Batak, that involve triangular shapes. The results of this study align with Prahmana and D’Ambrosio
(2020), who reveal that a significant number of geometric shapes are used in the motifs of traditional fabrics or
houses. This indicates that the concept of geometry has become an inseparable part of the culture in Indonesia
(Anwar et al., 2024). The results of this study also reveal that students are classified as being able to understand
problems well. This is because the students are presented with a picture of the traditional house, allowing them to
clearly see the shape of the roof of the house. Students can answer several questions given by the teacher. The
results of this study align with Lee et al. (2017), who reveal that students will understand problems when presented
with real images of an issue. This is because students are able to optimize their sense of sight during learning. In
other words, students are already able to perform initial abstraction well when encountering relevant real objects
(Hershkowitz et al., 2001; Ruamba et al., 2025).

These positive results raise critical questions about the generalizability of the findings. Can a digital learning module
based on deep learning and integrated with Batak culture optimize students’ abstraction skills in other regions? This question arises
because, unlike Bazak culture, not all local cultural contexts possess appropriate geometric patterns that are easily
accessible for mathematics learning. This concern is grounded in studies that reveal that cultural artifacts with less
explicit geometric features demonstrate more limited competency improvements. These results suggest that the
instructional approach employed in this study may not be fully transferable to teaching the Pythagorean theorem
in regions with diverse cultural backgrounds.

After answering several questions, the students then perform a geometric abstraction of the Bolon traditional
house roof by drawing a triangle as a representation of the roof. The students are also seen dividing the triangle
into two right triangles to make it easier to identify the traditional house roof. The students then calculate the
height of the roof using the concept of the Pythagorean theorem. The results of this study align with T. P. Siregar
(2024), who reveals that students tend to easily implement a mathematical concept when they are able to create
geometric illustrations well. This is because students know the details of the elements of geometric shapes when
they see the actual objects directly, making it easier to identify other elements that are not yet known (Hwang et
al., 2020).

The implementation activities are concluded with a reflection activity to ensure that the learning objectives are
achieved effectively. The results of this study align with Sukarma et al. (2024), who reveal that reflection activities
are an important element during classroom learning implementation. This is because reflection activities can serve
as an indicator to confirm whether the learning objectives have been achieved or not (Gunawan et al., 2025). In
addition, these activities also play a role in identifying the strengths and weaknesses of the learning activities, which
can be used as recommendations for improvement in the implementation of future learning activities (Aghakhani
et al., 2023).

Considering the successful implementation results, the results of the research then align with the abstraction
abilities possessed by the students after the implementation. Based on the research findings, it is found that the
implementation of culturally integrated digital learning materials based on deep learning is capable of optimizing
students’ abstraction abilities. The results of this study align with Safrudin et al. (2021) , who reveal that enjoyable,
meaningful, or conscious learning can optimize students’ abstraction abilities. This is because students integrate
various sources of information, student engagement and interest are better, and collaboration among students
occurs during deep learning (Mende et al., 2024). Additionally, the use of digital technology also significantly aids
practicality during learning (Rhodes et al., 2024; van Keulen, 2018) . The results of this study also align with Zuliana
et al. (2025), who reveal that the integration of culture in mathematics learning can optimize students’ abstraction
abilities. This improvement is because students feel that the learning is more relevant or closer to everyday life,
making it easier to abstract during culturally integrated learning (A. S. Abdullah, 2016; Fouze & Amit, 2018; Hayati
et al., 2024; Mustika et al., 2022; Padang & Lubis, 2023; Shahbari & Daher, 2020; Turmuzi et al., 2023).

The results of this study also reveal that male students showed relatively higher abstraction scores than those
of female students. These findings are consistent with Azizah et al. (2021) and Grewe (2025), who state that the
abstraction ability of male students is relatively better than that of female students, especially in the conversion
from visual to verbal or symbolic. There is no clear description regarding the reasons for this finding. If men are
considered more dominant in traditional ceremonies, in fact, women and men have the same roles in Bafa£ culture
(Veronica & Aulia, 2024). Additionally, male students tend to have better spatial and logical abilities, allowing them
to build abstractions more quickly (Silitonga et al., 2024). It is proven that the pre-test scores of male students’
abstraction abilities are better than those of female students.

Although a considerable amount of previous research supports this study’s findings, some studies have shown
conflicting results. For example, Ganley and Lubienski (20106) reveal that while small gender differences exist in
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mathematics achievement, the relationships between mathematical performance, confidence, and interest are
generally similar for boys and girls. Furthermore, prior to intervention implementation, male students in this study
demonstrated better abstraction ability. However, it is important to note that gender effects tend to be quite
complex to examine in mathematics learning.

These critical considerations suggest that the culturally integrated deep learning-based digital instructional
module in this study may interact with other pedagogical aspects. Therefore, to better understand the relationship
between gender and learning, a more comprehensive research design is needed to address this question. Future
research requires a factorial design with various control groups, including conventional learning, digital
instructional materials without cultural content, and cultural content without digital instructional materials

CONCLUSION

Based on the previous analysis, this research yielded several key findings. First, digital instructional materials
based on deep learning and integrated with Bafzk culture demonstrated the capacity to optimize students’
abstraction abilities. This was evidenced by the significance of the Z value obtained after implementation, which
was less than 0,05 (specifically, p = 0,000). However, because this study employed a small sample, integrated a
single cultural element, and lacked a control group, these findings are more appropriately considered preliminary
evidence than definitive proof of effectiveness. Second, the digital instructional materials based on a deep learning
framework and integrated with culture performed effectively because they were designed according to students’
learning needs and were relevant to the cultural context of their daily lives. However, more comprehensive research
is needed to determine whether cultural integration specifically contributes to students’ abstraction abilities. Digital
technology integration, deep learning implementation, or instructional quality could have influenced these findings.
Third, male students” abstract thinking ability exceeded that of female students, although this finding contradicts
several previous studies on gender effects in mathematical abstraction ability. This finding lacks clear explanation,
particulatly given that the Bazak cultural context demonstrates gender equality in traditional rituals.

Based on these findings, mathematics teachers interested in integrating culture into their instruction are advised
to systematically identify mathematical concepts embedded in local cultural artifacts, develop open-ended
problems that maintain mathematical rigor while integrating cultural elements, and develop scaffolding to facilitate
cognitive transitions from contextual cultural recognition to mathematical abstraction. Educational technology
developers should design digital learning platforms that are easily customizable for diverse cultures and facilitate
teacher reflection and content adaptation. Future research is recommended to use a larger, more representative
sample size and a larger participant group, as well as a control group for comparison to strengthen the research
tindings. This analysis is intended to address the methodological limitations identified in this study. The small
sample size (n = 32) and the absence of a control group ate due to the naturally occurring nature of school classes,
making it impossible to divide students into two groups and provide them with different treatment based on ethical
considerations to ensure equal learning opportunities. Also, future research should include diverse cultures to be
more relevant to students of different ethnicities and to be used in a broader context. Future research is also
expected to examine in depth whether there are differences in learning styles between male and female students
and their impact on student learning outcomes and thinking styles. Educational practitioners and policymakers are
encouraged to validate and investigate student readiness before replicating this approach, especially in regions
beyond the Batak context and for mathematical concepts other than the Pythagorean theorem.
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