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 The low level of numeracy skills among junior high school students 

in linear function topics indicates the need for more contextual and 

meaningful mathematics instruction. This study explores the 

integration of Culturally Responsive Teaching (CRT) through the 

incorporation of local Banyuwangi culture as an instructional context 
to enhance students’ numeracy skills. Local cultural elements such as 

the Petik Laut tradition, Kawah Ijen tourism, Osing traditional house 

architecture, and Banyuwangi community economic activities were 

embedded in learning modules, student worksheets, and numeracy 

assessment tasks related to linear functions. Employing a research 

and development approach with a modified 4D model, this study 

involved eighth-grade students from a junior high school in 

Banyuwangi. The results indicate that the CRT-based learning 

materials grounded in Banyuwangi culture met the criteria of 

validity, practicality, and effectiveness. Furthermore, the 

implementation resulted in significant improvements in students’ 

numeracy skills, as indicated by complete learning mastery and 
moderate to high n-gain scores. These results suggest that 

positioning local culture as a source of mathematical contexts within 

a CRT framework not only enhances students’ understanding of 

linear functions but also fosters more relevant, meaningful, and 

culturally connected mathematics learning. 
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1. INTRODUCTION 

Mathematical literacy (numeracy) is the mathematical ability required for learning in 

the 21st century. This skill enables individuals to understand and calculate numbers, 

measure time, determine prices, and analyze data, which are competencies crucial in daily 

life. Mathematical literacy is an individual’s ability to apply mathematical knowledge to 

solve everyday problems [1]. Numeracy is the ability to manage data and numbers to 
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estimate solutions to questions within specific contexts [2]. State that numeracy can be 

defined in multiple ways and is often referred to as mathematical literacy [3]. In line with 

this, the OECD defines numeracy as an individual’s capacity to formulate, use, and 

interpret mathematics in various contexts [4]. 

Additionally, numeracy can enhance reasoning skills, data interpretation, and 

information identification [5]. Although Indonesia’s numeracy results have improved in 

ranking, they remain below the OECD average. Indonesia ranked 69th out of 81 countries 

in the PISA assessment with a score of 366 [6]. 

The global emphasis on numeracy as a core skill prompted the Indonesian 

government to implement the Minimum Competency Assessment (Asesmen Kompetensi 

Minimum, AKM). In 2021, Indonesia replaced the National Examination (Ujian Nasional, 

UN) with the AKM [7]. This shift, carried out by the Ministry of Education and Culture 

(Kemendikbud), aims to improve the quality of education in Indonesia [8]. According to 

The AKM, it strives to set minimum standards for the educational objectives to be 

achieved [9]. Kemendikbud explains that the AKM is conducted to obtain information on 

students’ attainment of expected competencies [10]. Moreover, the AKM is considered the 

best method to meet students’ learning needs [11]. The AKM measures two competencies: 

reading literacy and mathematical literacy (numeracy). It is designed to assess students’ 

competencies in depth, not merely mastery of content. Therefore, the AKM presents 

problems in various contexts that students are expected to solve using their reading and 

numeracy skills [10]. 

The 2023 Indonesian education report shows that students’ numeracy skills at 

elementary, junior high, and senior high school levels are categorized as moderate, with 

scores around 40%. Specifically, numeracy achievement at the elementary level 

(SD/MI/equivalent) is 46.67%, at the junior high level (SMP/MTs/equivalent) is 40.63%, 

and at the senior high level (SMA/SMK/MA/equivalent) is 41.14%. The lowest 

achievement is observed at the junior high level (SMP/MTs/equivalent) [11]. Therefore, 

this study aims to improve numeracy skills at the junior high school level using AKM-

based questions as a reference. 

One way to enhance students’ numeracy skills is through mastery of Linear 

Functions (Cao et al., 2022). Linear Functions are a core topic in mathematics and an 

essential subject in junior high school [12]. Students’ success in Linear Functions 

significantly affects their understanding of subsequent topics. However, students’ 

proficiency in this material remains relatively low, as shown by TIMSS results in 2007 and 

2011. Pramesti & Retnawati reported that students’ achievement in Linear Functions was 

58.63% in 2014/2015, 56.79% in 2015/2016, 57.02% in 2016/2017, and 57.54% in 

2017/2018 [13]. These figures indicate that students’ abilities in Linear Functions are still 

relatively low, despite their applications in daily life, such as in economics, tourism, and 

development planning, which require numeracy skills to solve related problems. Numeracy 

enables students to analyze problems, formulate appropriate equations, and find correct 

solutions. Other studies indicate that eighth-grade students still face difficulties solving 

problems involving Linear Function operations [14]. Therefore, attention to students’ 
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mastery of Linear Functions is crucial, as it helps them solve real-life problems similar to 

those in numeracy questions. 

Aprilia et al. and Muliana et al. state that learning with high-quality instructional 

materials can improve numeracy skills. Similarly, mathematics learning materials 

incorporating local culture can enhance students’ numeracy abilities [15]. The integration 

of mathematics and culture is important because it strengthens understanding of 

mathematical content [16]. Gay refers to this approach as "culturally responsive teaching" 

(CRT), combining culture to make learning more relevant and effective for students [17]. 

According to Gay, CRT is defined as the use of students’ cultural characteristics, 

experiences, and perspectives from diverse ethnic backgrounds to facilitate more effective 

teaching [17]. 

Furthermore, CRT leverages students’ cultural knowledge, values, and personal 

experiences to create meaningful and relevant learning experiences [18]. Halim 

emphasizes that culturally responsive curricula are necessary to preserve national culture 

[19]. Most CRT research has been conducted in Western contexts, but recent studies have 

also taken place in Africa, Europe, and Asia [20]. Buchori & Harun designed a CRT-based 

e-module that was valid but impractical and ineffective [21]. Riva’i developed a CRT-

based teaching module for junior high students on integer material, but the module was not 

tested for validity, practicality, or effectiveness, and its problems were not linked to 

numeracy skills, which are essential for students today [22]. Therefore, this study is 

essential to develop CRT-based learning materials to improve students’ numeracy skills. 

Additionally, CRT-based learning is relevant to Linear Functions, such as modeling annual 

increases or decreases in museum or cultural site visitors, modeling the relationship 

between product prices and sales of traditional art products, or modeling the relationship 

between investment in tourism infrastructure and annual tourist arrivals. 

 

2. METHOD  

This study aims to develop a set of instructional materials comprising learning 

modules, student worksheets (Lembar Kerja Peserta Didik), a numeracy test, and a 

guidebook, all of which meet the criteria of validity, practicality, and effectiveness. 

Accordingly, this study is classified as a research and development (R&D) study 

employing a modified 4D development model. 

The field trial was conducted at SMP Al Azhar Muncar. The readability test 

involved five eighth-grade students, while the main trial included 18 students from class 

VIII A. Students’ numeracy development was measured through pretest and posttest 

assessments administered before and after the implementation of CRT-based instructional 

materials. Multiple data sources were employed, including expert validation forms, 

observations of instructional implementation and classroom learning processes, student 

response surveys, and numeracy assessment. 

Data analysis in this study focused on evaluating the validity, practicality, and 

effectiveness of the developed instructional materials. Validation data were analyzed by 

calculating the mean validation score from all validators for each indicator (𝐼𝑖), followed 

by determining the mean score for each aspect (𝐴𝑖), and finally calculating the overall 
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validity score (𝑉𝑎). The instructional materials were considered valid if they achieved a 

minimum score of  3 ≤ 𝑉𝑎 < 4, with a maximum score of 4 [23]. Materials that met the 

validity criteria were subsequently tested for readability with five students and then 

implemented in the main trial with 18 students, during which instructional implementation 

was continuously observed. 

Practicality was assessed using data from instructional implementation observation 

sheets. The analysis involved calculating the mean observation score for each indicator 

(𝐼𝑖), determining the mean score for each aspect (𝐴𝑖), and computing the overall mean 

score across all aspects (𝐼𝑂). The instructional materials were categorized as practical if 

they achieved a minimum 𝐼𝑂 score of 3 ≤ 𝐼𝑂 < 4, with a maximum score of [24]. 

The effectiveness of the instructional materials was evaluated based on learning 

outcome tests, improvements in students’ numeracy skills, and statistical analysis. The 

materials were considered effective if classical learning mastery was achieved, students’ 

numeracy improvement reached at least a moderate category based on the n-gain 

classification, and statistical testing using a paired-sample t-test indicated significant 

improvement. 

Statistically, the research hypotheses were formulated as follows: 

𝐻0 ∶  𝜇1 ≤ 𝜇2 

𝐻1 ∶  𝜇1 > 𝜇2 

where: 

𝐻0 indicates that there is no significant effect of implementing CRT-based mathematics 

instructional materials on improving students’ numeracy skills, while 

𝐻1 indicates that there is a significant effect of implementing CRT-based mathematics 

instructional materials on improving students’ numeracy skills. 

 

3. RESULTS AND DISCUSSION  

CRT-based mathematics instructional materials were systematically developed 

through a modified 4D model, including the stages of defining, designing, developing, and 

disseminating, to support the improvement of students’ numeracy skills. 

 

3.1.  Define Stage 

Initial observations indicated that students’ interest in learning linear functions at 

SMP Al Azhar Muncar has declined over the years compared to other mathematics topics. 

A key need in addressing this recurring issue is the development of contextual instructional 

materials that reduce the abstract nature of linear function concepts. One effective 

approach to contextual learning is integrating cultural elements into the instructional 

process. The implementation of Culturally Responsive Teaching (CRT) has been shown to 

improve students’ learning outcomes [25]. Therefore, this study aims to develop 

instructional materials that more fully integrate students’ environmental and cultural 

contexts, such as Mount Ijen, the Petik Laut tradition, and traditional Banyuwangi cuisine 

into the teaching of linear functions. 
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3.2.  Design Stage 

At this stage, the researcher developed the initial design of four instructional 

materials grounded in Culturally Responsive Teaching (CRT). The design of these 

materials was informed by the needs analysis conducted during the define stage, the 

characteristics of students at SMP Al Azhar Muncar, and the local cultural context of 

Banyuwangi. 

The guidebook includes an overview of the rationale for applying the CRT 

approach in mathematics instruction, the objectives of using the instructional materials, 

guidelines for implementing the learning modules and CRT-based student worksheets, as 

well as the use of numeracy test items and scoring rubrics that teachers are required to 

understand when administering, scoring, and evaluating the numeracy assessments. An 

example of the guidebook design is presented in Figure 1. 

 

 
Figure 1. Instructional Materials Guidebook 

The CRT-based learning module was designed as the core instructional material 

that structures the learning sequence across six class meetings, addressing three learning 

objectives on linear functions while integrating Banyuwangi cultural contexts. The design 

principles of this module emphasize cultural contextualization to enhance students’ sense 

of relevance and familiarity with the content, while also incorporating collaborative 

learning activities such as group work, cultural discussions, and mini projects. An example 

of the learning module design is presented in Figure 2. 

 

 
Figure 2. Linear Function Learning Module Using the CRT Approach 
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The student worksheets were designed to actively engage students in constructing 

knowledge through exploratory activities that are relevant to their everyday lives. The 

worksheets incorporate cultural illustrations to support CRT-based learning and integrate 

numeracy by presenting multiple representations, including tables and graphs, within 

contextual problem situations. An example of the worksheet design is presented in Figure 

3. 

 

     
Figure 3. Student Worksheets Using the CRT Approach 

The numeracy test was designed to assess students’ numeracy skills before and 

after the learning intervention. The test package consists of two problem contexts, each 

comprising three items, for a total of six numeracy questions aligned with the cognitive 

levels of the Asesmen Kompetensi Minimum (AKM). Problem Context 1 focuses on data 

on tourist visits to Banyuwangi from 2020 to 2023, while Problem Context 2 addresses 

data and graphical representations of sardine sales in 2023. An example of the numeracy 

test design is presented in Figure 4. 

 

   
Figure 4. Numeracy Test for Linear Function 

 

3.2.  Develop Stage 

The designs of the instructional materials user guide, learning module, student 

worksheets, and numeracy test were subsequently evaluated by experts through a 

validation process. The experts provided assessments and revision suggestions to improve 
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the quality of the materials prior to field testing. The validation results are presented in 

Table 1. 

Table 1. Validation Results of the Instructional Materials 

Instructional Materials 

 
𝑽𝒂 Category 

Guidebook 3.77 Valid 

Learning module 3.84 Valid 

Student worksheets 3.85 Valid 

Numeracy test 3.83 Valid 

 

Based on Table 1, the validation scores for the guidebook, learning module, student 

worksheets, and numeracy test were 3.77, 3.84, 3.85, and 3.83, respectively. These results 

indicate that all instructional materials met the validity criteria. 

At the development stage, the focus shifted to analyzing the practicality and 

effectiveness of the instructional materials. The validated numeracy test and student 

worksheets were first subjected to a readability test with five eighth-grade students to 

ensure clarity and comprehensibility. The results indicated that no revisions were required 

to the wording or sentence structure. Subsequently, the instructional materials were 

implemented in class VIII A over six instructional meetings. Students completed the 

numeracy pretest at the beginning of the intervention and the posttest at the end of the final 

meeting. 

Practicality analysis was conducted by observing the implementation of the 

instructional materials during classroom instruction. The results of the practicality 

evaluation are presented in Table 2. 

Table 2. Practicality of Instructional Materials by Meeting 

Meeting Mean score Practicality level 

Meeting 1 

1 

3.69 High 

Meeting 2 3.81 High 

Meeting 3 3.75 High 

Meeting 4 3.81 High 

Meeting 5 3.86 High 

Meeting 6 4 High 

Average 3.82 High 

Based on the analysis of instructional implementation data, the overall mean score 

was 3.82, which falls within the range of 3 ≤ 𝐼𝑂 < 4, indicating a high level of 

practicality. Therefore, the instructional materials were categorized as practical. 

In addition, a student response questionnaire was administered at the final meeting 

after the posttest. A summary of the student responses is presented in Table 3. 

Table 3. Summary of Student Questionnaire Responses 

Response category Percentage 

Positive responses (Agree) 95.8% 

Negative responses (Disagree) 4.2% 
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As shown in Table 3, 95.8 percent of student responses were positive, indicating 

that the instructional materials met the practicality criteria from students’ perspectives. 

Instructional effectiveness was evaluated based on learning mastery, n-gain 

categories, and statistical analysis. All students achieved numeracy posttest scores above 

the minimum mastery criterion of 70, indicating 100 percent classical mastery and 

confirming the effectiveness of the instructional materials in terms of learning outcomes. 

Furthermore, pretest and posttest scores were analyzed using the n-gain formula to 

measure improvements in students’ numeracy skills. The distribution of n-gain categories 

is presented in Table 4. 

Table 5. Distribution of n Gain Categories 

Category Number of students Percentage 

Low 0 0% 

Moderate 7 39% 

High 11 61% 

Moderate and High 18 100% 

 

Based on Table 5, the average n-gain category was high, with 100 percent of 

students achieving at least a moderate level of improvement. These results indicate that the 

instructional materials met the effectiveness criteria based on n-gain analysis. 

Statistical analysis was conducted to test the research hypothesis regarding the 

effectiveness of CRT-based instructional materials in improving students’ numeracy skills. 

Prior to hypothesis testing, prerequisite analyses were performed, including tests of 

normality and homogeneity of variance. The normality test was conducted using the 

Shapiro-Wilk method, with the following decision criteria: 

(a) If the significance (Sig.) > 0.05, the data were considered normally distributed;  

(b) If the significance (Sig.) > 0.05, the data were considered not normally distributed. 

 

Table 6. Normality Test Results 

 

 

The Shapiro-Wilk normality test showed a p-value of 0.512 (p > 0.05). This 

indicates that the difference between posttest and pretest scores was normally distributed, 

thus meeting the normality assumption. 

Given that the normality assumption was met, a parametric test using the paired-

samples t-test was conducted. The statistical hypotheses were formulated as follows: 

(a) 𝐻0: There is no significant difference in students’ numeracy improvement between 

pretest and posttest scores. 

(b) 𝐻1: There is a significant difference in students’ numeracy improvement between 

pretest and posttest scores. 
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The decision rule was based on the significance value (Sig. 2-tailed): if Sig. < 0.05, 

H₀ was rejected and H₁ was accepted; if Sig. > 0.05, H₀ was accepted and H₁ was rejected.  

 

Table 7. The results of the paired sample t-test 

 

The results of the paired sample t-test showed a significance value (Sig. 2 tailed) of 

0.000, which is lower than the significance level of 0.05. Therefore, H₀ was rejected, and 

H₁ was accepted. This result indicates that the implementation of CRT-based mathematics 

instructional materials had a statistically significant effect on students’ numeracy skills. 

 

3.4.  Dissaminate Stage 

At the dissemination stage, the instructional materials were distributed in hard file 

format at SMP Al Azhar Muncar and introduced to all teachers to support the 

implementation of CRT-based learning across subjects. The materials were formally 

adopted by the school principal and curriculum vice principal as instructional resources 

that can be used and adapted for other topics. 

The materials were also disseminated through a Deep Learning Training program 

organized by BBGTK East Java in Banyuwangi Regency from August to October 2025, 

involving teachers from nine junior high schools. The dissemination concluded with a best-

practice exhibition attended by representatives from 29 public and private junior high 

schools and lecturers from several universities, during which the CRT-based Banyuwangi 

cultural instructional materials for linear functions were showcased. 

 

4. CONCLUSION  

This study developed Culturally Responsive Teaching (CRT) based mathematics 

instructional materials using a modified 4D development model. The development process 

resulted in a comprehensive set of materials, including learning modules, student 

worksheets, a numeracy test package, and a user guide. Expert validation confirmed that all 

components met the validity criteria. Field implementation demonstrated that the 

instructional materials were practical, as indicated by high implementation scores and 

positive student responses. Furthermore, the materials proved effective in enhancing 

students’ numeracy skills, as evidenced by mastery of the material, high average N-gain 

scores, and statistically significant improvements between pretest and posttest scores. 

Overall, these findings indicate that CRT-based mathematics instructional materials 

integrating local cultural contexts constitute a valid, practical, and effective approach to 

improving students’ numeracy skills at the junior secondary level. 
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