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showed a significant difference between the experimental and control
classes, with a significance level of 0.000 < 0.05 and a t-value of -
4.724. The average score of the experimental class increased from
49.75 to 80.00, while that of the control class increased from 41.05 to
64.47. The experimental class’s N-gain value of 0.60 (moderate
category) was higher than the control class’s 0.40, supported by an
effect size of 1.55 (large category). These findings indicate that CTL
learning based on islamic boarding school culture makes a significant
difference in improving students’ understanding of mathematical
concepts. This study underscores the importance of integrating local
cultural contexts as a meaningful and relevant source of learning that
aligns with students’ experiences in mathematics education.
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Introduction

The mathematics learning process in madrasahs still faces the challenge of students’ lack
of conceptual understanding, particularly in the subject matter of arithmetic sequences and
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series, which requires the ability to recognize patterns, understand relationships between
concepts, represent situations, and relate them to real-life contexts (Sulastri, 2016). Data from
the Programme for International Student Assessment (PISA) by the Organisation for Economic
Co-operation and Development (OECD) indicates that Indonesian students’ mathematical
literacy remains below the international average, particularly in the areas of reasoning and
applying concepts (Arifin & Nuh, 2026). This situation aligns with the results of initial
observations and diagnostic tests of 11th-grade students at MA Nurul Hasan Maron
Probolinggo, which showed that students struggled to explain concepts in their own words,
connect concepts to real-life situations, and solve comprehension-based problems. This
condition is suspected to be caused by learning that is still dominated by lectures and routine
problem-solving exercises without linking concepts to everyday life situations (Apriani, &
Sudiansyah, 2024). This evidence is reinforced by empirical data showing that the average
pretest scores were still relatively low—49.75 in the experimental class and 41.05 in the control
class—indicating that students’ understanding of mathematical concepts was not yet optimal.

In this study, understanding of mathematical concepts includes the ability to restate
concepts, classify objects, provide examples and non-examples, use appropriate procedures,
and apply concepts to problem-solving (Safari & Nurhida, 2024). However, various studies
show that students tend to master procedures without a deep understanding of the underlying
concepts. Research Suhermi et al. (2024) indicates that more than 60% of students are only able
to solve problems mechanically without being able to explain the reasoning behind the steps
used, meaning that learning has not yet fostered meaningful knowledge construction.

To address this issue, a learning model is needed that can connect mathematical concepts
with students’ real-world experiences. Contextual Teaching and Learning (CTL) is an approach
grounded in social constructivism, which emphasizes that knowledge is constructed through
experience and interaction. Empirically, a study conducted Yanti et al. (2020) demonstrated
that the implementation of CTL increased students’ average understanding of mathematical
concepts from 61.4 to 78.2. In the context of islamic boarding school culture, this approach is
particularly relevant because students’ activities, such as congregational prayer, structured daily
schedules, repetitive memorization patterns, and the allocation of time for various activities,
reflect mathematical patterns, including sequences and regularity. Integrating these contexts
enables students to construct concepts more concretely, thereby reducing the abstract nature of
mathematics and enhancing conceptual understanding (Wathoni, 2024).

CTL research in mathematics education generally uses general everyday contexts, such
as buying and selling activities, the home environment, or formal school activities. However,
there is still little research that utilizes islamic boarding school culture as a source of
mathematical context, even though madrasah students living in a pesantren environment have
unique learning experiences and social activities. The novelty of this study lies in the use of
islamic boarding school culture as an authentic context in CTL, where the daily experiences of
santri (pesantren students) not only serve as a backdrop for learning but are constructed as
sources of mathematical situations to build conceptual understanding. This integration is
implemented through the development of Student Worksheets (LKPD), sample problems, and
learning activities that link the concepts of sequences and series to patterns of student activities,
such as the order of the daily schedule, patterns of memorization repetition, the arrangement of
prayer rows, and the arrangement of books on shelves. Conceptually, this approach differs from
previous CTL implementations because it places local culture at the core of the knowledge-
construction process, rather than merely as a contextual illustration. Based on the above
description, the purpose of this study is to examine the impact of using a pesantren-culture-
based Contextual Teaching and Learning (CTL) model on students’ understanding of
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mathematical concepts in the topic of sequences and series in the 11th grade at MA Nurul Hasan
Maron Probolinggo.

Method
Research Design

This study employs a quantitative approach using a quasi-experimental Nonequivalent
Control Group Design to test the effect of the pesantren-culture-based Contextual Teaching and
Learning (CTL) model on students’ mathematical concept understanding. The study involves
two groups: an experimental class receiving pesantren-culture-based CTL instruction and a
control class using conventional teaching methods (Rahmawati et al., 2023). We employed a
quantitative approach using a quasi-experimental design known as the Nonequivalent Control
Group Design (Abraham & Supriyati, 2022). The study involved two groups: an experimental
group that received instruction using the Contextual Teaching and Learning (CTL) model based
on islamic boarding school culture, and a control group that used conventional teaching
methods. Both groups were administered pretests and posttests to measure changes in students’
understanding of mathematical concepts. The effect of the intervention was analyzed by
comparing the results of the two groups before and after instruction. The research design is
presented in Table 1.

Table 1. Pretest—Posttest Research Design

Research Subjects Pre-test Treatment Posttest
Experimental Group Pretest (O1) Implementation of the CTL Model Posttest (O2)
Based on islamic boarding school
Culture (X)
Control Group Pretest (03) Conventional Learning (-) Posttest (O4)
Notes:

O1 = Pretest for the experimental group to measure students’ initial mathematical concept comprehension before
the intervention.

0> = Posttest for the experimental group to measure students’ mathematical concept comprehension after the
intervention.

O3 = A pretest administered to the control group to measure students’ initial mathematical concept comprehension
before the learning process begins.

Os = Posttest for the control group to measure students’ mathematical concept comprehension after the learning
process began.

X = Treatment involving the application of the Contextual Teaching and Learning (CTL) model based on islamic
boarding school culture in mathematics instruction.

(-) = Learning using a conventional learning model without any special treatment.

Subjects/Population and Sample

The population of this study consisted of all 11th-grade students at MA Nurul Hasan
Maron Probolinggo during the 2025/2026 academic year, with a total of 39 students. The
population was divided into two classes: Class 11A, comprising 20 female students, and Class
11B, comprising 19 male students. The sampling technique used was purposive sampling,
which involves selecting a sample based on specific criteria or considerations (Kiareni & Sorisa,
2024). The sample in this study included Class XI A as the experimental class and Class XI B
as the control class, selected because they align with the class characteristics and research
requirements.
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Instruments

The research instrument consists of an essay test designed to measure mathematical
concept comprehension, based on the following indicators: restating concepts, classifying
objects, providing examples and non-examples, following procedures, and applying concepts
to problem-solving (Pranata, 2016). This instrument includes a question matrix and a scoring
rubric. The instrument’s suitability was assessed through content validity using the expert
judgment method by mathematics education faculty members to ensure that the test items
aligned with the indicators. Subsequently, the instrument was pilot-tested, followed by an
empirical validity test using the product-moment correlation to determine the validity level of
each item (Fitriana, 2022). Reliability testing was conducted using Cronbach’s Alpha to
demonstrate the instrument’s consistency. In addition to the tests, observation and
documentation sheets were used as supporting data in the experimental and control classes. The
observation sheets were also validated by experts to ensure they aligned with the research
objectives, so that all instruments were deemed suitable for use (Pratama & Saregar, 2019). The
test instrument blueprint for mathematical concept understanding used in this study is presented
in Table 2.

Table 2. Concept Understanding Test Instrument
Instruments Descriptions

Assignment #1. Every day, the students perform
congregational prayers at the boarding school mosque.
The boarding school administrators arrange the prayer
rows neatly. Based on observations, the number of
students in each row always increases by a constant
difference compared to the previous row.

Sholat Berjamaah di Pesantren

]
Y, \ 1 \ T Y. \¢ \] X A

8Santri LA & x x X x X x u x &N\
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Based on the illustration of the row arrangement,

determine whether the pattern of the number of

students in each row is an arithmetic sequence. Briefly

explain your answer by considering the difference in

the number of students in consecutive rows.

Assignment #2. At the boarding school library, a

student serving as a librarian recorded the number of

books on several shelves. The data obtained is as

follows:

Shelf A contains: 10, 15, 20, 25, ...

Shelf B contains: 6, 12, 24, 48, ...

Shelf C contains: 40, 35, 30, 25, ...

Based on this data:

a. Determine which shelf forms an arithmetic
sequence.

b. Explain your reasoning by showing the
difference between two consecutive terms on
each shelf.

Students are asked to restate the concept of an
arithmetic sequence in their own words based on their
observation of patterns in the context of prayer rows.
This is evident in question 1, where students explain
whether the pattern constitutes an arithmetic sequence
by considering the difference between terms.

Students group data based on the characteristics of
arithmetic and non-arithmetic sequences. This
indicator is reflected in question 2, when students
determine which sets form arithmetic sequences and
provide reasons based on the differences between
terms.
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Instruments

Descriptions

Assignment #3. During the month of Ramadan, the
number of students participating in the nightly Quran
recitation is recorded by the administrators.
Sometimes the number increases regularly, and
sometimes it does not.

a. Create an example of data on the number of
students over 4 consecutive nights that forms an
arithmetic sequence.

b. Create an example of data that does not form an
arithmetic sequence.

c. Explain the difference between the two
examples based on the difference in the number
of students each night.

Assignment  #4. During Friday prayers in the
boarding school courtyard, the first row is filled by 22
students. Since the courtyard gets wider toward the
back, each subsequent row can accommodate 4 more
students than the previous one.

Students are asked to create examples of arithmetic
and non-arithmetic sequences on their own. This
indicator is found in question number 3, where
students create two types of data and explain the
differences based on the concept of difference.

Students use the arithmetic sequence formula to
determine the nth term. This is evident in question 4,
parts (a) and (b), where students determine the formula
and calculate the wvalue of a specific term
systematically.

a. Determine the formula to find the number of
students in the nth row.

b. Count the number of students in the 18th row.

c. Explain your solution steps systematically and
clearly.

Assignment #5. At the boarding school library, the
staff will build a multi-tiered bookshelf to store books.
The top shelf holds 12 books. Each tier below it holds
5 more books than the previous tier. The bookshelf
consists of 10 tiers.

Students apply the concepts of arithmetic sequences
and series comprehensively in real-world contexts.
This indicator is evident in questions 4(c) and 5, where
students solve contextual problems and explain their
solution steps in a coherent and logical manner.

a. How many books are on the 10th shelf?
b. Explain your solution steps by correctly
applying the concept of arithmetic sequences.

Data Collection

Data collection was conducted through pretests and posttests in both classes. The data
obtained were analyzed to compare improvements in learning outcomes between the
experimental and control classes in order to determine the effect of implementing this learning
model (Effendy, 2016). Data collection in this study was conducted in three stages, including
administering a pretest to measure basic ability levels, conducting instruction, and
administering a posttest to measure students’ final ability. In the initial stage, a pretest was
administered to the experimental and control classes to assess the students’ initial understanding
of mathematical concepts related to arithmetic sequences and series (Kholil & Safianti, 2019).

The next step was to conduct the lessons over three sessions. In the experimental class,
the Contextual Teaching and Learning (CTL) model based on islamic boarding school culture
was applied through the stages of relating, experiencing, applying, cooperating, and transferring
(Ratnawati & Romansyah, 2022). In the relating stage, the teacher linked the concepts of
sequences and series to the students’ daily activities, such as the daily schedule at the pesantren,
patterns of worship activities, and queues for activities. In the experiencing stage, students
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explore contextual problems derived from boarding school life, such as memorization patterns
and the regularity of activity schedules. In the applying stage, students solve problems related
to real life situations, such as calculating step-by-step memorization patterns and managing
study time. In the cooperating stage, students work together in groups to discuss and solve
contextual problems. In the transferring stage, students summarize the concepts they have
learned and apply them to other relevant situations, both within the boarding school context and
in daily life. Meanwhile, the control class follows conventional learning dominated by lecture
methods and problem-solving exercises without linking them to real-life contexts (Ruwaidah,
2022). During the learning phase, the researcher conducted observations with the assistance of
one observer—a mathematics teacher—using an observation sheet to monitor student activities,
engagement levels, and the implementation of the lesson. In the final stage, a posttest was
administered to both classes to measure students’ final understanding of mathematical concepts
following the intervention. Additionally, documentation was used as supporting data, including
instructional materials and evidence of the research implementation.

Data Analysis

Data analysis techniques were used to process research data in order to answer the
research questions and test the hypotheses. The data analyzed consisted of pretest and posttest
scores measuring students’ understanding of mathematical concepts in the experimental and
control classes following the implementation of a pesantren-based Contextual Teaching and
Learning (CTL) model. Data analysis was conducted quantitatively using IBM SPSS version
22 software. The analysis began with descriptive statistics, including the mean, maximum and
minimum values, and standard deviation, to describe the data. Next, prerequisite tests were
conducted, namely a normality test using the Shapiro-Wilk method and a homogeneity test
using the Levene Test to determine the equality of variances between groups. The data were
considered normal and homogeneous if the significance value was greater than 0.05 (Agustian
etal., 2025). Hypothesis testing was conducted using an independent samples t-test to determine
whether there was a significant difference between the learning outcomes of students in the
experimental class and the control class. The decision criterion was based on a significance
level of 0.05; that is, if the p-value was less than 0.05, there was a significant difference between
the two classes (Aprilia, 2021). In addition, improvements in students’ understanding of
mathematical concepts were analyzed using N-gain calculations to determine the level of
instructional effectiveness, which was then categorized as low, moderate, or high. To strengthen
the research findings, effect size calculations were also performed to determine the magnitude
of the impact of applying the pesantren-culture-based CTL model on students’ understanding
of mathematical concepts (Sitanggang & Simanjorang, 2025).

Research Findings

Descriptive analysis was conducted to provide an initial overview of the pretest and
posttest data on students’ understanding of mathematical concepts in the experimental and
control classes (Kriswinarso et al., 2023). This analysis includes the minimum, maximum,
mean, standard deviation, and variance for both groups. The results of the descriptive analysis
are presented in Table 3.
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Table 3. Descriptive Statistics of Pretest and Posttest Results

Class N Minimum Maximum Mean Std. Deviation Variance
Pre-test Experiment 20 30 65 49.75 8.347 69.671
Experimental

20 65 100 80.00 11.002 121.053
Posttest
Control Pretest 19 30 50 41.05 6.364 40.497
Posttest Control 19 50 85 64.47 9.413 88.596
Valid N (listwise) 19

Based on Table 3, the average pretest score in the experimental class was 49.75, with
a minimum score of 30 and a maximum of 65, while in the control class it was 41.05, with
a minimum score of 30 and a maximum of 50. This difference in means indicates that the
initial ability of students in the experimental class was slightly higher than that of the control
class, although both were still at a relatively low level of ability and had not yet demonstrated
optimal mastery of the concepts. This is also evident from the still fairly limited range of
scores, suggesting that most students had not yet deeply understood the concepts before the
intervention was administered.

After receiving instruction, both groups showed an improvement in their abilities. The
average posttest score in the experimental class increased to 80.00 , with a lowest score of
65 and a highest of 100, while in the control class it increased to 64.47, with a minimum
score of 50 and a maximum of 85. This progress demonstrates that the learning process in
both classes had an impact on students’ conceptual understanding; however, the
improvement in the experimental class was greater than that in the control class. In addition,
the standard deviation in the experimental class was 11.002 and in the control class was
9.413, indicating variation in scores between the two groups after the lesson. The variance
in the experimental class was 121.053 and in the control class was 88.596, indicating that
the spread of data in the experimental class was greater than in the control class. This
suggests that although there was a fairly high increase in the mean in the experimental class,
the level of variation in student learning outcomes was also greater.

In conclusion, the results of the descriptive analysis demonstrate that teaching using
the Contextual Teaching and Learning (CTL) model based on islamic boarding school
culture tends to lead to a higher level of mathematical concept understanding compared to
conventional learning (Putri et al., 2025). Furthermore, a normality test was conducted to
determine whether the data were normally distributed, as this is one of the prerequisite tests
before hypothesis testing. The results of the normality test are presented in Table 4.

Table 4. Results of the Normality Test for Students” Mathematical Concept Understanding Ability Test

Kelas Shapiro-Wilk
Statistic df Sig.
Result Pre-test Control 914 19 .089
Control Posttest .959 19 .562
Experimental Pretest 959 20 .529
Experimental Posttest 934 20 .184

Based on Table 4, the significance value (Sig.) for the control class’s pretest data was
0.089, for the control class’s posttest data was 0.562, for the experimental class’s pretest data
was 0.529, and for the experimental class’s posttest data was 0.184. All significance levels
were higher than 0.05, so it can be concluded that the pretest and posttest data for both classes
were normally distributed. Next, a homogeneity test was conducted to determine whether
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the variances of the data in the experimental and control groups were homogeneous or not.
The homogeneity test was performed using Levene’s Test with the aid of IBM SPSS
software. The results of the homogeneity test are presented in Table 5.

Table 5. Results of the Levene Test for Homogeneity

Levene df1l df2 Sig.
Statistic
Result Based on Mean 1.872 3 74 142
Based on Median 1.849 3 74 .146
Based on Median and
with adjusted df 1.849 3 67.026 147
Based on trimmed mean 1.934 3 74 131

Based on Table 5, the significance value (Sig.) for the "Based on Mean" approach is
0.142. Since this value is greater than 0.05, it can be concluded that the data variance between
the experimental and control classes in the experiment is homogeneous. This result is also
supported by the significance values in other approaches, namely Based on Median at 0.146,
Based on Median and with adjusted df at 0.147, and Based on trimmed mean at 0.131, all of
which show values greater than 0.05. Thus, the data meet the assumption of homogeneity of
variance, so the hypothesis test can proceed using a parametric test, namely the independent
sample t-test. The results of the independent sample t-test are presented in Table 6.

Table 6. Independent Sample T-test for Students’ Mathematical Concept Comprehension

Levene's t-test for Equality of Means
Test for
Equality of
Variances
F Sig. t df Sig. Mean Std. 95% Confidence
(2- Differ Error Interval of the
tailed) ence Differe Difference
nce Lower Upper
Resul Equal - - -
t variances .709 405 4 7_24 37 .000 15.52 3.28684  22.1860 8.866
assumed ) 632 9 54
Equal
varianees ) 36.614 000 1552 327347 221613  8.891
not 4.743
632 6 27
assumed

The results of the independent samples t-test are presented in Table 6. Based on the
analysis, a significance score (Sig. 2-tailed) of 0.000 was obtained, which is less than 0.05.
This indicates that there is a significant difference between the posttest results of the
experimental class and the control class, so the null hypothesis (Ho) is rejected and the
alternative hypothesis (H1) is accepted. A t-value of -4.724 with 37 degrees of freedom (df)
indicates that the difference in means between the two classes is quite significant. The mean
difference of -15.526 indicates that the mean score of the experimental class is higher than
that of the control class. Furthermore, the 95% confidence interval ranges from -22.186 to -
8.867 and does not include zero, thereby reinforcing the existence of a significant difference
between the two groups.

To determine the extent of improvement in students’ understanding of mathematical
concepts, an N-gain analysis was conducted. The N-gain calculation was performed using
the formula for the difference between posttest and pretest scores, adjusted to the highest
possible value of Bolo et al. (2025). Based on the results of the calculation, the average N-
gain value in the experimental class was 0.60, which is classified as moderate, while in the
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control class it was 0.40, which is also in the moderate category but lower than that of the
experimental class. This indicates that the improvement in students’ understanding of
mathematical concepts in the experimental class was better than that in the control class.

In addition, an effect size calculation was performed using Cohen’s d to determine the
magnitude of the impact of implementing the learning model. The results showed a Cohen’s
d value of 1.55, which falls into the “large effect” category. This indicates that the
implementation of the Contextual Teaching and Learning (CTL) model based on islamic
boarding school culture makes a significant difference in improving students’ understanding
of mathematical concepts (Siswanto et al., 2025).

Discussion

The results of the study indicate differences in the understanding of mathematical
concepts between the experimental and comparison classes following instruction. These
differences are supported by statistical test results showing statistical significance (Sig. < 0.05)
as well as higher N-gain and effect size values in the experimental class. These findings indicate
that the application of the Contextual Teaching and Learning (CTL) model based on islamic
boarding school culture contributes more strongly to improved conceptual understanding
compared to conventional instruction. This improvement can be explained by the development
of indicators of mathematical concept understanding. Students in the experimental class began
to be able to restate the concepts of sequences and series in their own words, classify types of
sequences more accurately, and correctly identify examples and non-examples. In addition,
their ability to use procedures also improved. However, regarding the indicator of applying
concepts to solve more complex contextual problems, some students still struggled, particularly
when integrating multiple concepts simultaneously. This indicates that the aspect of concept
transfer still requires reinforcement.

Theoretically, these findings align with the constructivist approach in CTL, in which
knowledge is constructed through meaningful experiences. In the context of Islamic boarding
school culture, the construction process occurs when students relate mathematical concepts to
real life experiences, such as the patterns of daily schedules, the increasing volume of
memorization, and the allocation of time for worship, which form patterns of arithmetic
sequences and series. This context functions as a learning ecology that supports the formation
of conceptual understanding in a more concrete way, as students do not merely receive
information but construct meaning themselves from experiences closely tied to their lives.

The findings of this study align with the research at Dayani & Hasanuddin (2020) which
indicates that CTL enhances mathematical conceptual understanding, as well as the research at
Suhermi et al. (2024) which found that procedural learning tends to hinder conceptual
understanding. The similarity of this study lies in the effectiveness of CTL in improving
conceptual understanding, while the difference lies in the use of the pesantren cultural context
as a source of mathematical situations. Thus, the results of this study do not contradict but rather
reinforce previous findings while expanding the application of CTL within a local cultural
context.

The novelty of this study lies in the integration of islamic boarding school culture as an
authentic context that serves not merely as an illustration but as a primary source of learning in
the development of mathematical concepts. This approach demonstrates that cultural values and
activities can be integrated into mathematics instruction as part of a contextual strategy that is
more relevant and meaningful to students. Nevertheless, this study has limitations. First, the
relatively short duration of the instruction has not yet been able to illustrate the long-term
impact. Second, the study was limited to arithmetic sequences and series. Third, the sample size
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was limited to a single madrasah. Furthermore, the observational data on student activities and
the implementation of instruction have not been analyzed in depth in this section; therefore, the
interpretation of the results still needs to be strengthened in future research.

Conclusion

This study shows that the implementation of a Contextual Teaching and Learning (CTL)
model based on islamic boarding school culture has an impact on students’ understanding of
mathematical concepts. This is evidenced by the difference in learning outcomes between the
experimental and control classes, with the experimental class showing a greater improvement.
The analysis results are also supported by the N-gain scores, which indicate a moderate
improvement in the experimental class, as well as effect size values in the large category,
suggesting that the implemented model has a strong impact on students’ understanding of
mathematical concepts. In addition to test results, the research findings are also supported by
observational data showing that student engagement during instruction has increased. Students
were more active in discussions, expressing their opinions, and were able to relate mathematical
concepts to the context of daily life in the pesantren environment. The implementation of
learning using the CTL model based on islamic boarding school also proceeded well in
accordance with the stages— namely, relating, experiencing, applying, cooperating, and
transferring—thereby supporting a more meaningful knowledge construction process. The
contribution of this study lies in the use of islamic boarding school culture as an authentic
context for mathematics learning, in which the daily experiences of students serve as a source
of mathematical situations for understanding concepts. This approach not only improves
learning outcomes but also encourages students’ active engagement in the learning process.
However, this study has limitations, including a small sample size and a relatively short duration
of instruction, which prevent it from fully capturing the long-term effects. Therefore, it is
recommended that future research involve a larger sample, a longer study period, and the
development of a pesantren-culture-based CTL model for different educational materials and
levels.
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