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Background: Mathematical literacy is a fundamental competency that enables
students to apply mathematical knowledge in real-life situations. However,
Indonesian students continue to demonstrate relatively low mathematical
literacy performance, as indicated by the 2022 PISA results. Similar challenges
are evident among elementary school students in Pontianak, who often
experience difficulties in solving contextual mathematical problems.

Aim: This study aimed to examine differences in mathematical literacy skills,
determine the magnitude of the instructional effect, analyze the implementation
process, and describe students’ mathematical literacy performance following
lesson study-based mathematics instruction with a deep learning approach.
Method: A mixed-methods approach with an embedded experimental design
was employed. Quantitative data were collected through a quasi-experimental
design involving 55 fourth-grade students in the experimental group and 65
students in the control group. Qualitative data were obtained through classroom
observations and lesson study reflections. Data were analyzed using the Mann-
Whitney U test and Cohen’s d effect size.

Results: The findings revealed a significant difference in mathematical literacy
skills between the experimental and control groups (p <.001). The intervention
produced a Cohen’s d value of 0.3189, indicating a small-to-moderate practical
effect. Qualitative findings showed that the lesson study cycle fostered a
structured, collaborative, and reflective learning environment that enhanced
students’ engagement and conceptual understanding.

Conclusion: Lesson study-based mathematics instruction with a deep learning
approach effectively enhances elementary students’ mathematical literacy by
promoting contextual understanding, reflective learning, and meaningful
application of mathematical concepts.

To cite this article: T. Yani,, A, Ramadhan, A, Sutrisno, H., Hadiwangsa, D. H. & Fitriawan, D. (2026). Lesson study-based
mathematics instruction with a deep learning approach for enhancing elementary students’
mathematical literacy. Journal of Advanced Sciences and Mathematics Education, 6(2), 762-778.

INTRODUCTION

Education plays a fundamental role in developing high-quality human resources capable of

responding to the demands of an increasingly complex global society. Through education, individuals

are expected to develop cognitive abilities, practical skills, and positive character traits that enable
them to adapt and contribute effectively to social and economic development (Akin, 2022; Cao et al,,
2021; Ye et al,, 2023). Consequently, the quality of teaching and learning processes at all levels of
education has become a major concern for policymakers and educators worldwide. Effective learning
should not only facilitate the acquisition of knowledge but also encourage students to apply their
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understanding meaningfully in real-life situations. Within this context, mathematics occupies a
strategic position because it contributes significantly to the development of logical, analytical, and
critical thinking skills. Mathematics learning is expected to help students understand relationships,
solve problems, and make reasoned decisions based on quantitative information. However, many
students continue to perceive mathematics as a difficult and abstract subject that is disconnected
from their everyday experiences. Such perceptions often reduce students’ interest in learning
mathematics and limit their engagement with mathematical ideas. As a consequence, students
frequently experience difficulties when required to apply mathematical concepts to solve contextual
problems. This condition ultimately contributes to the relatively low level of mathematical literacy
demonstrated by many students (Sumliyah et al.,, 2025).

Mathematical literacy has become one of the most important educational outcomes in
contemporary mathematics education because it reflects students’ ability to use mathematics in
meaningful and practical ways. According to the OECD, mathematical literacy refers to an individual’s
capacity to formulate, employ, and interpret mathematics in a variety of real-world contexts
(Almarashdi & Jarrah, 2023; Bolstad, 2023; Cakiroglu et al, 2024). This competency involves
mathematical reasoning as well as the use of concepts, procedures, facts, and tools to explain
phenomena and make informed decisions. Students who possess strong mathematical literacy are
able to connect mathematical ideas with situations encountered in daily life. They are also capable of
interpreting quantitative information, evaluating solutions, and communicating mathematical
reasoning effectively. Despite the importance of these competencies, the mathematical literacy
performance of Indonesian students remains relatively low compared with that of students from
many other countries. Based on the results of the Programme for International Student Assessment
(PISA) conducted in 2022, Indonesia ranked 71st among 81 participating countries with a score of
366, representing a decline of 13 points from the previous assessment cycle. This score was
substantially below the international average of 472, indicating persistent challenges in mathematics
education. These findings suggest that many students still rely heavily on memorization and
procedural knowledge rather than conceptual understanding and contextual application of
mathematics. Therefore, improving mathematical literacy has become an urgent priority for
educational stakeholders in Indonesia.

The issue of mathematical literacy is also evident at the local level, particularly in Pontianak
City and the broader West Kalimantan region. Research on literacy- and numeracy-based learning in
accredited elementary schools in Pontianak revealed that many students still encounter difficulties
when applying mathematical concepts to contextual situations. These findings indicate that students
often struggle to transfer classroom knowledge to authentic problems encountered in everyday life.
Similar concerns have been reported regarding the numeracy performance of elementary school
students in West Kalimantan. According to students’ numeracy competencies remain relatively low,
highlighting the need for instructional innovations that support deeper understanding and practical
application of mathematical concepts (Sakurai & Goos, 2023; Torres-Pefia et al, 2025). The
persistence of these challenges suggests that conventional approaches to mathematics teaching may
not adequately address students’ learning needs. In many classrooms, learning activities continue to
focus primarily on procedural exercises and routine problem-solving tasks (Ezeamuzie et al., 2022;
Glazewski & Ertmer, 2020; Olivares et al.,, 2021). Consequently, students have limited opportunities
to develop reasoning skills, explore mathematical relationships, and engage in meaningful reflection
(Dolapcioglu & Doganay, 2022; Ingram et al., 2020; Nilimaa, 2023; 0z & Isik, 2024). The evidence
from both national and local contexts indicates that mathematical literacy remains a significant
educational challenge requiring immediate attention. Therefore, more effective and innovative
instructional strategies are needed to help students develop stronger mathematical literacy
competencies.
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Although mathematical literacy has become a major focus in mathematics education
research, existing studies have primarily examined its conceptual foundations, students’ experiences
with literacy-oriented tasks, and the implementation of instructional approaches such as inquiry-
based learning, STEM education, and realistic mathematics education (Bolstad, 2023; Fauzan et al,,
2024; Manfreda Kolar & Hodnik, 2021). At the same time, lesson study research has largely
concentrated on teacher professional development, collaborative lesson design, and instructional
improvement, with limited attention given to mathematical literacy as a primary learning outcome
(Jansenetal., 2021). Furthermore, studies in elementary mathematics education have predominantly
focused on student achievement, motivation, and general learning effectiveness rather than on the
development of mathematical literacy through integrated pedagogical innovations (Lazi et al., 2021;
Pellegrini et al, 2021). Although recent educational reforms have increasingly emphasized
meaningful and student-centered learning, empirical studies investigating the application of deep
learning as a pedagogical approach in elementary mathematics classrooms remain scarce, while the
term “deep learning” is still more commonly associated with artificial intelligence and computational
sciences than with mathematics pedagogy (Tian et al.,, 2022; Zhang et al., 2020). More importantly,
little empirical evidence exists regarding the integration of lesson study and a deep learning
approach within mathematics instruction to enhance elementary students’ mathematical literacy,
particularly in developing countries and within the Indonesian educational context. Moreover,
previous studies have generally examined instructional effectiveness through quantitative learning
outcomes alone, providing limited insight into how collaborative lesson planning, implementation,
observation, and reflection contribute to students’ literacy development. Therefore, a significant
research gap remains concerning the effectiveness and implementation process of lesson study-
based mathematics instruction with a deep learning approach for enhancing elementary students’
mathematical literacy, highlighting the need for further investigation through a mixed-methods
perspective.

This study aims to investigate the effectiveness of lesson study-based mathematics
instruction with a deep learning approach in enhancing elementary students’ mathematical literacy
on the topic of two-dimensional shapes. Specifically, the study seeks to determine whether significant
differences exist in mathematical literacy skills between students who participate in lesson study-
based deep learning instruction and those who receive conventional mathematics instruction. The
study also aims to measure the magnitude of the instructional effect on students’ mathematical
literacy performance. In addition, it seeks to analyze the implementation process of lesson study-
based mathematics instruction through collaborative planning, classroom observation, and reflective
evaluation activities. Particular attention is given to how the integration of lesson study and deep
learning influences students’ engagement with mathematical concepts. The study further aims to
describe students’ mathematical literacy abilities following their participation in the instructional
intervention. These abilities include students’ capacity to formulate, apply, and interpret
mathematical concepts within contextual situations related to two-dimensional shapes. By
combining quantitative and qualitative data, the study seeks to provide a comprehensive
understanding of both instructional effectiveness and learning processes. The findings are expected
to contribute to the growing body of literature on mathematical literacy and instructional innovation
in elementary mathematics education. Ultimately, this research aims to provide empirical evidence
supporting the integration of lesson study and deep learning as an effective approach for fostering
mathematical literacy among elementary school students.
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LITERATURE REVIEW

Mathematical literacy has become a central construct in contemporary mathematics
education because it emphasizes the application of mathematical knowledge in meaningful contexts
rather than the mere mastery of computational procedures. The Organisation for Economic Co-
operation and Development (OECD) defines mathematical literacy as an individual's ability to
formulate, employ, and interpret mathematics in various real-world situations. This competency
requires students to identify mathematical relationships, select appropriate strategies, and
communicate solutions effectively. Mathematical literacy also involves reasoning, critical thinking,
and decision-making processes that enable individuals to solve authentic problems encountered in
everyday life (Szabo et al., 2020). Unlike traditional mathematics achievement, mathematical literacy
focuses on how mathematical knowledge can be used beyond classroom settings. Students with
strong mathematical literacy are able to connect mathematical concepts with social, economic,
scientific, and technological issues (Bolstad, 2023; Zeng, 2025). Consequently, mathematical literacy
has become an important indicator of educational quality in many countries. International
assessments such as PISA place considerable emphasis on mathematical literacy because it reflects
students’ preparedness for future challenges. Educational researchers increasingly recognize
mathematical literacy as a fundamental competency for lifelong learning and active citizenship.
Therefore, the development of mathematical literacy has become one of the primary objectives of
mathematics education in the twenty-first century.

The development of mathematical literacy should begin at the elementary school level
because early mathematical experiences significantly influence students’ future learning trajectories.
Elementary education provides the foundation upon which students construct mathematical
understanding and reasoning skills. At this stage, students begin to develop the ability to recognize
patterns, interpret information, and solve simple contextual problems. However, many elementary
students continue to experience difficulties when asked to apply mathematical concepts outside
routine classroom exercises (Kundu et al., 2021; Suh et al,, 2021; Vale & Barbosa, 2023). These
difficulties often arise because learning activities focus primarily on procedural fluency rather than
conceptual understanding. As a result, students may successfully perform calculations while
struggling to explain the meaning of their solutions. Research has shown that meaningful
mathematical experiences during elementary education contribute significantly to later academic
achievement and problem-solving competence (W. Chen, 2025; Lai et al,, 2020; Lazi et al,, 2021;
Spencer et al., 2022; Torres-Pefia et al., 2025). Furthermore, students who are exposed to contextual
learning opportunities tend to demonstrate stronger reasoning and mathematical communication
skills. The elementary years therefore represent a critical period for fostering mathematical literacy
through effective instructional practices. Consequently, instructional approaches that encourage
active engagement, contextual understanding, and reflective thinking are particularly important in
elementary mathematics education.

One instructional approach that has gained increasing attention in recent years is the deep
learning approach. In educational contexts, deep learning refers to a learning process in which
students actively construct knowledge, connect new information with prior understanding, and
apply concepts in meaningful situations (Y.-C. Chen & Techawitthayachinda, 2021; Jiang, 2022; Kova¢
etal, 2025; Salinas-Navarro et al,, 2024; Weng et al,, 2023). This approach differs substantially from
surface learning, which is primarily characterized by memorization and reproduction of information.
Deep learning encourages students to explore ideas critically, reflect on their understanding, and
engage in meaningful knowledge construction. The approach is often conceptualized through three
interconnected dimensions, namely meaningful learning, mindful learning, and joyful learning.
Meaningful learning emphasizes conceptual understanding and relevance to students’ experiences.
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Mindful learning encourages students to become aware of their thinking processes and learning
strategies. Joyful learning creates positive emotional engagement that supports sustained
participation and motivation. Through these dimensions, deep learning promotes higher-order
thinking skills and conceptual understanding. Therefore, the deep learning approach has
considerable potential to support the development of mathematical literacy by encouraging students
to understand, interpret, and apply mathematical concepts in authentic contexts.

In addition to instructional approaches, teacher collaboration plays an important role in
improving the quality of mathematics learning. Lesson study is widely recognized as a collaborative
professional development model that supports continuous instructional improvement through
systematic reflection. Originating in Japan, lesson study involves a cycle of planning, implementation,
observation, and reflection commonly referred to as plan, do, and see (Hervas & Medina, 2020;
Seleznyov, 2019). During the planning stage, teachers collaboratively design learning activities and
anticipate students’ responses. The implementation stage allows teachers to observe students’
learning processes and collect evidence regarding instructional effectiveness. Reflection activities
enable teachers to evaluate learning outcomes and identify opportunities for improvement. This
collaborative process encourages teachers to develop a deeper understanding of students’ learning
needs and classroom interactions. Previous studies have demonstrated that lesson study contributes
to improved instructional quality, teacher professionalism, and student engagement (Dibaba et al.,
2025; Fox & Poultney, 2020; Ji, 2023; Kelly & Abruzzo, 2021). Moreover, lesson study promotes
reflective teaching practices that support evidence-based decision-making in classroom instruction.
Consequently, lesson study has become an effective framework for enhancing mathematics teaching
and learning in various educational contexts.

The integration of lesson study and the deep learning approach offers a promising framework
for enhancing mathematical literacy among elementary school students. Deep learning provides
pedagogical principles that emphasize meaningful understanding, active engagement, and contextual
application of knowledge (Darling-Hammond et al., 2020; Jiang, 2022; McPhail, 2021). At the same
time, lesson study offers a collaborative mechanism through which teachers can design, implement,
and refine deep learning practices systematically. Through collaborative lesson planning, teachers
can develop learning activities that encourage students to formulate, apply, and interpret
mathematical concepts in authentic situations (Dolapcioglu & Doganay, 2022; Koskinen &
Pitkdniemi, 2022; Nilimaa, 2023; Polman et al., 2021). Classroom observations conducted during
lesson study cycles provide valuable insights into students’ thinking processes and learning
difficulties. Reflection activities further support continuous improvement by enabling teachers to
adapt instructional strategies based on empirical classroom evidence. This combination creates a
learning environment that is reflective, contextual, student-centered, and oriented toward
conceptual understanding. Such conditions are highly relevant to the development of mathematical
literacy because they encourage students to engage actively with mathematical ideas and real-world
problems. Despite its theoretical potential, empirical evidence regarding the integration of lesson
study and deep learning for mathematical literacy development remains limited. Therefore, further
investigation is necessary to examine how lesson study-based mathematics instruction with a deep
learning approach can effectively enhance elementary students’ mathematical literacy.

METHOD

Research Design

This study employed a mixed-methods approach using an embedded experimental design, in
which quantitative data served as the primary source of evidence and qualitative data were used to
support, explain, and enrich the interpretation of the quantitative findings. The selection of this
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design was based on the need to examine not only the effectiveness of lesson study-based
mathematics instruction with a deep learning approach in improving students’ mathematical literacy
but also the instructional processes that occurred during the implementation. The quantitative
component utilized a quasi-experimental design with a nonequivalent posttest-only control group
design. In this design, the experimental group received mathematics instruction based on lesson
study integrated with a deep learning approach, whereas the control group received conventional
mathematics instruction. The absence of random assignment was due to practical and administrative
considerations within the school setting. The posttest-only design was considered appropriate
because the study focused on comparing students’ mathematical literacy performance after the
instructional intervention. Meanwhile, the qualitative component was conducted concurrently
throughout the research process. Qualitative data were collected through classroom observations,
field notes, and lesson study reflections to provide a detailed description of the implementation
process and students’ learning experiences. The integration of quantitative and qualitative evidence
enabled a more comprehensive understanding of the effectiveness and implementation of the
instructional intervention. Therefore, the mixed-methods embedded design was considered suitable
for addressing the objectives of the present study.

Participants

The population of this study consisted of fourth-grade students enrolled in public elementary
schools in Pontianak City, West Kalimantan Province, Indonesia. The study focused on elementary
school students because mathematical literacy development should be established at an early stage
of formal education. Participants were selected using purposive sampling, a non-probability
sampling technique that involves selecting participants based on predetermined criteria relevant to
the research objectives. The criteria included school accessibility, administrative approval, and the
suitability of implementing lesson study activities within the school environment. Based on these
considerations, two public elementary schools were selected as research sites. SD Negeri 09
Pontianak Barat was assigned as the experimental group and consisted of 55 fourth-grade students.
SD Negeri 17 Pontianak Kota served as the control group and consisted of 65 fourth-grade students.
Therefore, the total number of participants involved in the study was 120 students. Both groups
studied the same mathematics topic, namely two-dimensional shapes, during the intervention
period. This arrangement ensured that differences in learning outcomes could be attributed
primarily to differences in instructional approaches rather than differences in learning content.

Instruments and Data Collection

Data were collected using both quantitative and qualitative instruments to capture students’
mathematical literacy performance and the instructional processes that occurred during the
intervention. The primary quantitative instrument was a mathematical literacy test consisting of 20
multiple-choice items. The test was designed to assess students’ ability to formulate, apply, and
interpret mathematical concepts in everyday situations related to two-dimensional shapes. The test
items emphasized contextual problem-solving, mathematical reasoning, and the application of
mathematical concepts in authentic situations. Following the completion of the instructional
intervention, the test was administered to both the experimental and control groups. In addition to
the mathematical literacy test, several qualitative instruments were utilized. Observation sheets
were used to monitor students’ participation, engagement, and learning behaviors during classroom
activities. Field notes were employed to document significant classroom events, instructional
interactions, and phenomena observed throughout the intervention. Reflection sheets were
completed collaboratively by the model teacher, observers, and researchers during the lesson study
process to evaluate instructional effectiveness and identify areas for improvement. Together, these
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instruments provided comprehensive information regarding both learning outcomes and
instructional implementation.

Data Analysis

Quantitative data were analyzed using descriptive and inferential statistical procedures with
the assistance of IBM SPSS Statistics 25. Descriptive statistics were used to summarize students’
mathematical literacy performance, including the mean, standard deviation, variance, maximum
score, and minimum score. Before conducting hypothesis testing, a normality test was performed
using the Kolmogorov-Smirnov test at a significance level of 0.05. The results indicated that the
mathematical literacy data in both groups were not normally distributed. Consequently, a
homogeneity test was not conducted, and nonparametric statistical procedures were employed.
Differences in mathematical literacy performance between the experimental and control groups
were analyzed using the Mann-Whitney U test. Statistical significance was determined at the 0.05
level. To evaluate the practical significance of the intervention, Cohen’s d effect size was calculated
using the difference between the mean scores of the two groups divided by the pooled standard
deviation. The effect size values were interpreted according to Cohen’s criteria, namely small effects
(d = 0.20), moderate effects (0.20 < d < 0.80), and large effects (d = 0.80). Qualitative data were
analyzed using the interactive model developed by Miles and Huberman (1994), which consists of
data reduction, data display, and conclusion drawing. This analytical framework enabled the
researchers to identify patterns, themes, and insights related to the implementation of lesson study-
based mathematics instruction with a deep learning approach.

Research Procedure

The study was conducted from May 4 to May 15, 2026, at SD Negeri 09 Pontianak Barat and
SD Negeri 17 Pontianak Kota. The research procedure consisted of three major stages: preparation,
implementation, and reporting. During the preparation stage, preliminary interviews were
conducted with classroom teachers to identify existing instructional practices and students’ learning
characteristics. Subsequently, the researchers collaborated with teachers to develop lesson plans,
learning materials, observation instruments, and assessment tools based on the principles of lesson
study and deep learning. The implementation stage consisted of three sessions for each group,
including two instructional sessions and one posttest session. In the experimental group,
mathematics instruction was implemented through the lesson study cycle comprising the plan, do,
and see stages. During the plan stage, the research team and the model teacher collaboratively
designed instructional activities and anticipated students’ learning responses. During the do stage,
instruction was carried out using deep learning syntax consisting of preparation, exploration,
application, reflection, and evaluation activities. Observers documented classroom interactions and
students’ participation throughout the learning process. Finally, during the see stage, collaborative
reflection sessions were conducted among the model teacher, observers, and researchers to evaluate
instructional effectiveness and formulate improvements for subsequent lessons. The final stage
involved data analysis, interpretation of findings, and preparation of the research report.
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Results

Descriptive statistics

Test results from the experimental and control groups are needed to determine the students’
mathematical literacy skills after they were given different treatments in the two classes. The
following is a summary of the test results presented in the form of descriptive statistics.

Table 1. Descriptive Statistics for the Mathematical Literacy Test

_— I Data Analysis
Descriptive Statistics Experimental Group Control Group
Number of Students 55 65
Highest Score 70 70
Lowest Score 5 0
Mean 29.09 20.15
Variance 199.158 199.976
Standard Deviation 14.112 14.141
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Table 1 shows that the average mathematical literacy score for students in the experimental
group was 29.09, while the average mathematical literacy score for students in the control group was
20.15. The difference between the two scores is 8.94, indicating that there is a difference in the
average mathematical literacy scores between the two classes, with the experimental group having
a higher average than the control group. However, specifically, to determine whether there is a
difference in the average mathematical literacy ability between the two classes, a statistical test
analysis must be conducted.

Normality tes

The normality of the mathematical literacy test data for the experimental and control groups
was tested using the Kolmogorov-Smirnov test with the aid of IBM SPSS Statistics 25. The data were
considered normally distributed if the significance level was > 0.05. The test results are shown in the
following table.

Table 2. Results of the Normality Test

Tests of Normality

Kolmogorov-Smirnoy® Shapiro-Wilk
Statistic olf Sig. Statistic df Sia.
Kelas Eksperimen 64 a5 001 A1 a5 001
Kelas Kontrol AGT 55 .o B23 A5 .00z

a. Lilliefors Significance Correction

Based on the test results, the significance values for both classes were 0.001 or less than @ = 0.05.
Therefore, it can be concluded that the students’ mathematical literacy test data are not normally distributed
in either the experimental or control classes.

Hypothesis Test Results

Hypothesis testing in this study takes the form of a two-sample comparative hypothesis using
interval or ratio scales. Based on the preliminary tests, it was found that the data from the two sample
groups were not normally distributed; therefore, the nonparametric Mann-Whitney U test was used.
The research hypotheses are as follows:

Hy, : W = u,, there wasno difference in students' mathematical literacy skills regarding plane
figures between students who received lesson study-based instruction using a deep
learning approach and those who received conventional instruction.

H, : W # Uy, there is a difference in students' mathematical literacy skills regarding plane
figures between students who received lesson study-based instruction using a deep
learning approach and those who received conventional instruction.

In hypothesis testing, H, rejected if the value tyiryng > taner OF significance level < 0.05. The test
results are shown in the following table.

Table 1. Test Result Uji Mann Whitney U

Test Statistics®

WAROODOOZ
Mann-YWhitney LI 1097.000
Wiilcoxon W 3242 000
i -3.663
Asymp. Sig. (2-tailed) aoo

a. Grouping Yariable:
WAROODOA
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Based on Table 3, it can be seen that the significance value is 0.000 or less than 0.05 which
means H, rejected and H, accepted. Thus, it can be concluded that there is a difference in students’
mathematical literacy skills regarding plane figures between students who received lesson study-
based instruction using a deep learning approach and those who received conventional instruction.
The implementation of lesson study-based instruction using a deep learning approach has a greater
impact on students’ mathematical literacy skills compared to conventional instruction. The results of
the effect size calculations for the mathematical literacy test data are as follows.

Table 4. Test Result Effect size (Cohen’s-d)
d Interpretation
0.3189 Medium

Based on the results in Table 4, it was found that the Cohen’s d value is 0.3189. Referring to
Table 3 regarding the interpretation of Cohen’s d values, it was found that the results fall into the
moderate category. This indicates that the implementation of lesson study-based learning with a
deep learning approach has a significant impact on students’ mathematical literacy skills in the area
of plane figures compared to conventional learning.

Discussion

The results of the analysis show that the mathematical literacy skills of students in the
experimental class at SD Negeri 09 Pontianak Barat were higher than those of students in the control
class at SD Negeri 17 Pontianak Kota, as indicated by the mean scores of 29.09 and 20.15,
respectively, with a difference of 8.94 points. These findings suggest that lesson study-based
mathematics instruction with a deep learning approach was more effective in helping students
understand, apply, and interpret concepts related to two-dimensional shapes. This advantage can be
attributed to the collaborative, reflective, and student-centered learning process implemented
through the plan, do, and see stages, which differs substantially from conventional instruction that
tends to be teacher-centered and one-directional (Lewis & Perry, 2017). Furthermore, the deep
learning approach emphasizes meaningful, mindful, and joyful learning experiences that encourage
students to connect mathematical concepts with real-life contexts more actively (Feriyanto &
Anjariyah, 2024). Consequently, students were provided with greater opportunities to construct
knowledge, engage in reasoning processes, and develop contextual understanding. The statistical
results further support this interpretation, as the Mann-Whitney U test revealed a significance value
of 0.000, indicating that the observed difference between groups was statistically significant rather
than occurring by chance.

In terms of practical significance, the calculated Cohen'’s d value of 0.3189 falls within the
moderate effect category according to the criteria adopted in this study. Although the effect size was
not large, it nevertheless indicates that the intervention produced a meaningful educational impact
on students’ mathematical literacy development. In elementary mathematics education, even
moderate improvements should be considered important because literacy-related competencies
generally require sustained instructional support and cannot be developed through short-term
interventions alone. The observed improvement suggests that students benefited from learning
experiences that emphasized conceptual understanding rather than procedural memorization.
Moreover, students were actively involved in constructing mathematical meaning through
exploration, discussion, and reflection activities, which are key characteristics of deep learning
environments (Dahroni et al,, 2025; Feriyanto & Anjariyah, 2024). These findings indicate that lesson
study-based mathematics instruction with a deep learning approach represents a promising
alternative for strengthening students’ reasoning abilities, conceptual understanding, and contextual
application of mathematical concepts.
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The implementation of lesson study-based mathematics instruction with a deep learning
approach at SD Negeri 09 Pontianak Barat proceeded systematically through the interconnected
stages of plan, do, and see. During the planning stage, the model teacher and research team
collaboratively designed instructional activities, anticipated students’ difficulties, and prepared
learning materials relevant to two-dimensional shapes. Such collaborative planning is considered
essential for improving instructional quality and ensuring that learning activities are responsive to
students’ needs (Lewis & Perry, 2017). During the implementation stage, the application of deep
learning principles encouraged students to participate actively in learning activities while connecting
mathematical concepts to contextual situations. Although some students initially experienced
difficulties when solving contextual mathematical literacy problems, their participation and
engagement improved throughout the instructional process. During the reflection stage, lesson
observations were analyzed collaboratively to identify strengths and weaknesses of the instructional
implementation. The results of these reflections were subsequently used to refine instructional
strategies and improve subsequent learning sessions. These findings support previous studies
indicating that lesson study promotes reflective teaching practices and contributes positively to
instructional effectiveness (Rahmawati, 2022; Sulaiman & Mansyur, 2024). Similar conclusions were
also found that collaborative processes involving planning, implementation, observation, and
reflection can improve teachers’ instructional competencies and classroom management skills.

Students’ mathematical literacy performance following the intervention also demonstrated
notable differences between the experimental and control groups. The experimental group achieved
a mean score of 29.09 with a standard deviation of 14.112, while the control group obtained a mean
score of 20.15 with a standard deviation of 14.141. Although both groups achieved the same
maximum score of 70, the minimum score in the experimental group was 5, whereas several students
in the control group obtained a score of 0. The presence of zero scores in the control group suggests
that some students were unable to respond adequately to mathematical literacy tasks. This condition
is consistent with characteristics of conventional instruction that often provide limited opportunities
for students to engage in contextual reasoning and meaningful problem-solving activities. In contrast,
students who participated in lesson study-based mathematics instruction with a deep learning
approach demonstrated greater competence in identifying relevant information, interpreting
mathematical situations, and connecting geometric concepts to everyday experiences. They no
longer relied solely on memorizing formulas and shape classifications but increasingly demonstrated
an understanding of why particular mathematical procedures were used. Furthermore, students
became more capable of explaining their reasoning and applying mathematical concepts
systematically to solve contextual problems. These findings suggest that the intervention contributed
to the development of deeper conceptual understanding and more sophisticated mathematical
thinking processes.

The improvement observed in the experimental group can be explained by the characteristics
of deep learning, which emphasize conceptual understanding, critical analysis, and contextual
application of knowledge. According to deep learning provides students with opportunities to
explore problems, collaborate with peers, and reflect on their learning experiences, thereby making
abstract concepts more accessible and meaningful (Barokah & Mahmudah, 2025). These
characteristics are particularly important in geometry learning because elementary school students
tend to understand concepts more effectively when they are presented through concrete objects,
visual representations, and hands-on activities. The results of the present study indicate thatlearning
environments designed collaboratively and reflectively through lesson study can foster meaningful
learning experiences that support mathematical literacy development. In such environments,
teachers function not only as providers of information but also as facilitators who guide students in
observing, reasoning, discussing, and interpreting mathematical situations. Consequently,
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mathematical literacy extends beyond computational proficiency and becomes a broader
competency involving the ability to formulate, use, and interpret mathematics in meaningful contexts
(Surtika & U.s, 2024).

The present findings are also consistent with the work of argued that mathematical literacy
is closely related to students’ cognitive structures (Simin et al., 2022). Students with more developed
cognitive structures tend to demonstrate higher levels of mathematical literacy, although continuous
instructional support remains necessary. These findings reinforce the view that mathematics
instruction should extend beyond formula memorization and repetitive practice. Instead, students
should be provided with opportunities to identify problems, construct mathematical models, apply
procedures, and evaluate solutions critically. That mathematical literacy is a crucial competency
because it enables individuals to solve everyday problems and interpret quantitative information
accurately. Therefore, efforts to strengthen mathematical literacy at the elementary level should
focus on instructional approaches that engage students in meaningful thinking processes and
contextual problem-solving activities. Such efforts are particularly relevant in geometry learning
because geometric concepts are closely connected to objects and situations encountered in daily life.

More broadly, the findings of this study are relevant to the continuing challenge of low
mathematical literacy among Indonesian students, as reflected in the PISA 2022 results, which placed
Indonesia 71st among 81 participating countries with a mathematics score of 366. These results
indicate that the primary challenge in mathematics education extends beyond procedural mastery
and concerns students’ ability to apply mathematical knowledge in authentic contexts. Consequently,
instructional approaches that promote collaboration, reflection, and deep understanding should be
introduced from the elementary school level. This interpretation is emphasized the importance of
students’ emotional engagement and readiness in developing mathematical literacy. Similarly, that
mathematical literacy helps students develop logical, critical, and creative thinking by connecting
mathematical concepts to contextual problems (Apriliyanti et al., 2024). Therefore, the superior
performance of students at SD Negeri 09 Pontianak Barat compared with those at SD Negeri 17
Pontianak Kota provides empirical evidence that lesson study-based mathematics instruction with a
deep learning approach can enhance students’ mathematical literacy more effectively than
conventional instruction. The effectiveness of this approach appears to stem from its emphasis on
exploration, reflection, collaboration, and contextual application of mathematical concepts rather
than solely on content delivery and procedural practice.

Implications

The findings of this study provide important theoretical and practical implications for
mathematics education, particularly in efforts to enhance mathematical literacy among elementary
school students. From a theoretical perspective, the study contributes to the growing body of
literature by demonstrating that the integration of lesson study and a deep learning approach can
serve as an effective instructional framework for fostering mathematical literacy. The findings
support the view that mathematical literacy develops more effectively when students are actively
engaged in meaningful, contextual, and reflective learning experiences rather than merely
practicing procedural skills. The study also reinforces the importance of combining student-
centered pedagogical approaches with collaborative teacher professional development models to
improve learning outcomes. From a practical perspective, the results suggest that elementary
school teachers should consider incorporating deep learning principles into mathematics
instruction to encourage students to understand, apply, and interpret mathematical concepts in
authentic situations. The lesson study process provides teachers with opportunities to
collaboratively design learning activities, anticipate students’ difficulties, and continuously
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improve instructional practices based on classroom evidence. As a result, classroom learning can
become more responsive to students’ needs and more conducive to the development of higher-
order thinking skills. The findings further indicate that mathematical literacy can be strengthened
through instructional activities that emphasize exploration, discussion, reflection, and contextual
problem-solving. For school administrators, the results highlight the importance of supporting
collaborative professional learning communities that facilitate lesson study implementation as part
of continuous instructional improvement efforts. At the policy level, the findings suggest that
educational stakeholders should promote instructional innovations that integrate deep learning and
collaborative teaching practices to address the persistent challenges of mathematical literacy
identified in national and international assessments. Furthermore, the successful implementation
of this approach on the topic of two-dimensional shapes indicates its potential applicability to other
mathematical topics and grade levels. Ultimately, the study provides empirical evidence that lesson
study-based mathematics instruction with a deep learning approach represents a promising strategy
for creating more meaningful mathematics learning environments and improving students’
readiness to apply mathematical knowledge in real-world contexts.

Limitations and Suggestions for Future Research

This study has several limitations that should be considered when interpreting the findings.
First, the research was conducted in only two public elementary schools in Pontianak City, which
may limit the generalizability of the findings to other educational contexts, regions, or student
populations. Second, the study focused exclusively on fourth-grade students and the topic of two-
dimensional shapes, thereby restricting the applicability of the results to other grade levels and
mathematical content areas. Third, the intervention was implemented over a relatively short period
consisting of two instructional sessions, which may not have been sufficient to capture the long-term
effects of lesson study-based mathematics instruction with a deep learning approach on students’
mathematical literacy development. Fourth, the study employed a nonequivalent posttest-only
control group design, which did not allow for direct measurement of students’ prior mathematical
literacy abilities before the intervention. Fifth, the mathematical literacy assessment relied primarily
on multiple-choice items, which may not have fully captured students’ reasoning processes,
mathematical communication, and higher-order thinking skills. In addition, qualitative data were
limited to classroom observations, field notes, and lesson study reflections, which may not have
provided a complete understanding of students’ learning experiences and perceptions. Therefore,
future studies are encouraged to involve larger and more diverse samples from different
geographical regions and educational settings to improve the external validity of the findings. Future
research should also examine the implementation of lesson study-based mathematics instruction
with a deep learning approach across various mathematical topics, grade levels, and school types.
Longitudinal studies are recommended to investigate the sustainability of students’ mathematical
literacy development over extended periods of instruction. Furthermore, future researchers may
consider employing pretest-posttest experimental designs and incorporating qualitative methods
such as interviews, focus group discussions, or student learning journals to obtain a deeper
understanding of the learning process. Finally, future investigations should explore the relationships
among mathematical literacy, critical thinking, problem-solving skills, self-regulated learning, and
student motivation to provide a more comprehensive understanding of how lesson study and deep
learning contribute to mathematics learning outcomes.
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CONCLUSION

This study shows that lesson study-based mathematics instruction using a deep learning
approach yields better results than conventional instruction in terms of the mathematical literacy
skills of fourth-grade students at public elementary schools in Pontianak City regarding plane figures.
This is evidenced by the results of the Mann-Whitney U test, which yielded a significance value of
0.000 less than 0.05 indicating a significant difference in mathematical literacy skills between the
experimental and control groups. Additionally, the effect size calculation of 0.3189 indicates that the
implementation of this learning method has a moderate effect, with the learning process occurring
in a structured, collaborative, and reflective manner. As seen through the plan, do, and see stages,
there was an improvement in quality from the first session to the second, as well as an increase in
students’ ability after the learning process to understand, formulate, apply, and interpret
mathematical concepts in a more contextual manner. Thus, the integration of lesson study and deep
learning has proven effective in encouraging students to think more actively, critically, and
meaningfully when solving everyday mathematical problems.
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