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Abstract: Indonesian students' low math literacy is evident from the stagnant PISA trends and
classroom observations in a Junior High School (JHS) in Bantul, Yogyakarta. The observed low math
literacy is due to a lack of innovative teaching methods that do not align with students' learning needs.
Specifically, in algebra, students struggle because lessons often introduce formal elements and
operations without clear explanations. This research aims to improve math literacy in this JHS through
differentiated learning with the Realistic Mathematics Education (RME) approach. Using classroom
action research and an embedded-RTI model, the study focused on providing teaching materials
tailored to students' needs, improving their literacy skills. The study was conducted over two cycles
with 32 students, with the first cycle focusing on mathematical modeling for one-variable linear
equation and the second on the one-variable linear equation equivalent. Data were collected through
math literacy tests and learning observation sheets to gather both quantitative and qualitative data.
Quantitative data showed improvements in students' math literacy scores, while qualitative data
provided insights into the effectiveness of the learning process. Results indicated that RME-based
differentiated learning significantly improved students' math literacy on one-variable linear equation.
Math literacy improved from 12.5% to 62.5% in first cycle and 62.5% to 78.125% in second cycle
which measured by three components of mathematical literacy ability, such as formulate, employ, and
evaluate. Learning implementation also improved, from 74% to 84% in the first cycle, and from 80%
to 88% in the second cycle. These findings suggest that differentiated instruction using the RME
approach can enhance math literacy in Indonesian JHS students. However, it should be considered that
this study had several limitations such as limited subject was only in a class of a school and occurred
in six meetings for the intervention. For future researchers can adapt their intervention setting with
this consideration
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Introduction

Problem solving and mathematical reasoning abilities have a large concentration in mathematics
education. This is reinforced by the presence of both as important aspects in PISA 2022 (OECD, 2023b).
From a PISA perspective, an individual's capacity to formulate, use and interpret mathematical
phenomena and try to find solutions is part of problem solving. Meanwhile, the ability to provide logical
reasons, present arguments, develop and explain solutions is part of mathematical reasoning abilities.
Furthermore, OECD (2022) states that mathematical reasoning involves several processes, namely
evaluating situations, choosing strategies, determining strategies logically, developing solutions, and
recognizing how these solutions can be implemented.

These abilities refer to mathematical literacy, which is important to assess and evaluate because
mathematics can be used as a tool to solve problems in our lives (Maryani et al., 2023). With the PISA
assessment by the OECD, one of them is used to measure the extent and depth of students' mathematical
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literacy abilities (OECD, 2023b, 2023a). This is because the use of questions in PISA that are
formulated with real world context or everyday problems that students can solve.

However, in PISA 2022, the mathematics scores of Indonesian students are still far below the average
PISA results of other countries (OECD, 2023c). In these results, the majority of students are at level 1,
namely 82%; only 18% were at level 2; and only 9% are at level 5-6. Based on the description of the
level of proficiency proposed by Schleicher (2023), we can conclude that the majority of Indonesian
students are still at a low level of mathematical ability, limited to reading data in tables/graphs, using
basic concepts for calculating, and determining solutions explicitly. according to the data presented.
Meanwhile, the ability to interpret, analyse, evaluate, and reflect on phenomena in solving problems at
level 5-6 is still rarely possessed by students (Schleicher, 2023). This means that, based on the PISA
results, the problem solving and mathematical reasoning abilities of students in Indonesia are relatively
low.

According to PISA study, a portrait of students' mathematical abilities can be clearly recorded,
especially problem-solving abilities and mathematical reasoning as part of mathematical literacy. This
has become an impetus for Indonesia to implement an assessment known as AN (National Assessment),
one of which measures cognitive abilities in the AKM (Minimum Competency Assessment). The
National Assessment is carried out to evaluate the education system to obtain representative and
comprehensive results regarding the condition of education in Indonesia (Kemendikbudristek RI, 2023).
In AKM Numeracy, there are several aspects that are measured, namely content, cognitive level, and
context (Kemendikbudristek RI, 2022). It is clearly observed that these aspects have similarities with
the components measured in PISA, such as content/domain (number, algebra, geometry &
measurement, and data & uncertainty); cognitive level (comprehension, application, and reasoning); as
well as contexts that are close to students, such as personal, socio-cultural, work and scientific contexts
(Kemendikbudristek RI, 2022; OECD, 2023b).

The use of real-world contexts that are close to students' lives refers to a learning approach known as
realistic mathematics education (RME) (Akbas & Alan, 2022). The realistic mathematics approach
(RME) begins with real world problems that help students to solve them with mathematical concepts
(Akbas & Yildirim, 2024). Having mathematics learning activities that relate to realistic contexts can
help students find the relationship between mathematics and the real world. RME also provides students
with opportunities to use mathematics to solve real world problems (Lerman, 2014; Van Den Heuvel-
Panhuizen & Drijvers, 2020).

According to several studies, RME is believed to have a positive influence on students. This is
reinforced by the research of Listiawati et al. (2023) stated that students involved in RME-based
learning can demonstrate higher mathematical representation and communication skills than those
learning in conventional teaching methods. Akbas & Yildirim (2024) stated that positive responses were
obtained from students when using RME in learning because learning felt fun, increased participation
and self-confidence while learning mathematics. Using real-world contexts in mathematics learning can
also improve problem-solving abilities and make it easier for students to understand concepts and
procedures in solving mathematical problems (Sumirattana, 2017).
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To optimize students' abilities in learning, it is important for teachers to present learning that suits
students' needs. This learning refers to differentiated learning which is seen as a proactive approach and
presents a variety of approaches to learning instruction (C. Tomlinson, 2001; C. A. Tomlinson, 2017).
With differentiated learning, teachers have a role in getting to know students regarding their learning
readiness, interests and learning profile (Andriyani et al., 2024). Based on these characteristics,
classroom learning will be more flexible and meet the needs of students in the classroom. Several studies
state that differentiated learning can improve understanding of mathematical concepts, critical thinking
skills, and make participants actively involved in learning (Anggareni & Juandi, 2023). Kamarulzaman
et al. (2022) stated in their research that differentiated learning can improve students' mathematical
thinking processes.

However, in practice teachers have not really mastered the application of differentiated learning to
accommodate students' needs. Teachers still interpret that differentiated learning is a complex and
individualized approach (C. A. Tomlinson, 2017). Teachers have not been able to manage preparations
for differentiated learning (Nusrat, 2017). While Salleh et al. (2022) summarizes four findings of
challenges in implementing differentiated learning according to teachers, namely serving students'
needs, preparing and delivering learning, teaching support and skills, and time challenges.

In learning mathematics, there is one topic that is important for students to learn, especially at the start
of junior high school, namely linear equations. Linear equations are a material that has many
applications in everyday life and various fields (Karlina et al., 2019). However, students experience
many difficulties and obstacles when studying this material. Based on research from Haji et al. (2017),
students have particular difficulty in solving story problems on linear equations because they are unable
to understand and write down the problems in the questions, and cannot create models and complete
the process. Students still lack understanding of algebra concepts and are not used to solving story
problems. Ratnamutia & Pujiastuti (2020) also stated that students still have difficulty understanding
concepts, principles and skills in solving linear equation story problems. Based on several studies, it
turns out that students still experience difficulties in solving word problems on linear equations.

In specific setting, researcher found the overall problems in one of the school in Yogyakarta, Indonesia.
Students had low of mathematical literacy and struggled in one-variable linear equation problems. The
teacher did not implement differentiated-instruction and also RME-approach when taught them. The
teacher also did not employ a modest or small scale of research in her classes. Thus, researcher took
this condition as an opportunity to employ classroom action research.

Foregoing, both Putri et al. (2024) and Syarifuddin & Nurmi (2022) implemented differentiated-
instruction for enhancing mathematics achievement. These two researches conducted classroom action
research for specific class and showed a good impact of differentiated-instruction for enhancing
students’ mathematics achievement. Instead, Erlina & Sutarni (2024) much focussed on implementing
RME-approach for improving mathematics activity. It could be found that enganging students with real-
world context as a characteristic of RME-approach was impactful for students’ participation. However,
there is no significant research which integrating differentiated-instruction and RME-approach
collectively, especially for improving mathematical literacy.
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According to these problems and findings, classroom action research with focusing on implementing
differentiated-instruction and RME-approach collectively for fostering students’ mathematical literacy
will be conducted. This classroom action research will be carried out using Arikunto et al. (2010) which
have four stages, namely planning, implementing, observing, and reflecting. The research was
employed in one of junior high schools in Bantul, Yogyakarta, Indonesia. This research was carried out
when several initial problems were discovered, namely students who experienced-difficulty in solving
story problems, learning that tended more towards conventional methods, teachers who had not carried
out learning diagnostics as a first step in implementing learning differentiation, as well as presenting
real-world contexts that had not been presented in the classroom. class during mathematics learning. In
this research, researchers will conduct classroom action research in differentiated learning with a
realistic mathematical approach to improve junior high school students' mathematical literacy skills in
one-variable linear equations.

Materials and Methods

This research is classroom action research which used stages by Arikunto et al. (2010), namely
planning, implementing, observing, and reflecting. In planning stage, researcher analyzed situation and
problem in classroom and planned solution for solving the problem. After that, teaching planning was
implemented through implementing stage. During implementation of the lesson, researcher monitoring
the learning processes based on differentiated instruction and RME-approach in observing stage.
Furthermore, researcher reflected the overall learning and classified by each cycle in relfecting stage.
The selection of the classroom action research model was carried out to accommodate personalized
learning through regular evaluation of the research being developed. The subjects of this research were
7-grade students in one of schools in Bantul, Yogyakarta. The number of students in this class is 32
people.

Data and research data sources were obtained from instruments developed for data collection. The data
sources were obtained from (1) diagnostic tests, to determine the level of students' understanding of the
concepts contained in linear equations: algebra and its operations; (2) a mathematical literacy test was
developed to determine the level of mathematical literacy of students at each tier; (3) This learning
implementation observation sheet aims to see the percentage of learning implementation according to
the planned activities.

Furthermore, the data which were collected would be analyzed both of quantitative and qualitative
methods. By quantitative method, descriptive statistics was utilized to analyze the improvement of pre-
test and post-test for each cycle. Descriptive statistics provides general achievement of students’
performance in mathematical literacy and also the learning implementation achievement overall. Also,
classroom action research was determined as succeed if it acquired 75% students achieved standard
score of mathematical literacy ability which is 75. By qualitative method, triangulation data process
was conducted such as describing learning implementation, unstructured interview, and learning
observation.
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Results and Discussion
Learning activities during classroom action research

In implementing classroom action research, there were four stages based on the model of Arikunto et
al. (2010), namely planning, implementing, observing, dan reflecting which is done repeatedly until the
specified criteria are reached. In this study, classroom action research was conducted in 2 cycles and
each cycle consisted of 3 meetings. The learning activities carried out used differentiated learning and
the RME approach. Differentiated learning carried out here refers to the differentiation of content and
process (C. A. Tomlinson, 2017). For learning with RME, five characteristics are used, which were the
use of context, the use of models for progressive mathematics, the use of student construction,
interactivity, and intertwinned (Treffers, 1987; Wijaya, 2012).

In the first meeting of the first cycle, the researcher planned the learning design. This learning design is
based on an analysis of the situation and needs of the targeted class. The analysis of the situation and
needs is based on interviews with teachers, diagnostic tests of early algebra and mathematical literacy
materials, and classroom observations. After collecting initial data, the researcher analysed the
problems that arise, including the prerequisite material for linear equations in one variable and the
students' mathematical literacy skills. In this activity, it was found that there were still many students
who were lacking in algebraic calculation operations and their simplifications, as well as analyzing
mathematical literacy questions. The results obtained show that the diversity of students' abilities in
solving diagnostic questions needs to be facilitated for learning (Ketterlin-Geller & Yovanoff, 2009;
Shim et al., 2017). Therefore, researcher design differentiated learning based on interest in the topics
they wanted to study with the theme of buying ice cream and tourist tickets. The use of personal context
was a characteristic of RME, namely the use of context (Van Den Heuvel-Panhuizen & Drijvers, 2020).
Based on the plan that has been prepared, the researcher implements initial learning with classical
discussions on two topics which will be the main themes that will be discussed according to students'
interests. At this meeting, the researcher invited students to actively discuss in class the application of
linear equations in a realistic context. These activity were identified as interactivity characteristic of
RME (van den Heuvel-Panhuizen & van Zanten, 2020).

In second meeting of first cycle, the researcher activated the planning by implementing learning design.
Learning was conducted by differentiated instruction and RME activities. Researcher divided the
students into small groups of 3-4 students. Student organization is based on topic interests and a
homogeneous distribution of initial abilities. Students are asked to solve problems on students’
worksheet which focuses on mathematical literacy skills in two contexts: buying ice cream and buying
ride tickets. During group discussion, students promoted their own model construction and used them.
These indicated characteristics of RME, which are the use of model and the use of student construction
(Wijaya, 2012). Based on the activities designed, the collection of student performance data is based on
the students’ worksheet as a formative evaluation. Apart from students’ worksheet, student performance
assessments are taken from their activeness during learning and demonstration of discussion results in
their groups.
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Based on students’ performance in group discussion, it was found that students were aiming for good
understanding but had not yet carried out presentations. Thus, in the third meeting, students were asked
for presenting their work discussion, then continued by concept reinforcement, and a final mathematical
literacy test. Presentations are made by group representatives to discuss the results in front of the class.
Other students who are not presenting give opinions or ask students who are presenting if there is
something that is not appropriate and needs further discussion. After that, the teacher and students
conclude together regarding the learning in cycle 1 that has been carried out. Then, the learning is closed
with a post-test to measure students' mathematical literacy abilities which will then be compared with
a pre-test which is integrated with a diagnostic assessment. From the results of students' performance
during presentations and discussions as well as mathematical literacy tests, they are analyzed again to
determine the activities that will be carried out in cycle 2. This analysis is based on reflection, regarding
the things that need to be addressed regarding existing deficiencies. In general, the results show a
positive, although not significant, increase in understanding the concept of linear equations contained
in a realistic context. So, in cycle 2 we will continue to strengthen evidence of the effectiveness of using
realistic contexts in improving mathematical literacy skills.

The second cycle was conducted by the result of first cycle. Based on the analysis of the pre-test and
post-test results in cycle 1, it was found that there was an increase in mathematical literacy, although
not very significant. Apart from that, there was reflection that needed to be improved in learning
activities, especially to bring out the lack of interactivity. Therefore, teacher design learning based on
the heterogeneous distribution of initial abilities so that students who have high abilities can help
students whose initial abilities are less to be dynamic in discussions. It framed a differentiated
instruction which was planning for second cycle. Based on RME-approach, the context that used for
was regarding balance in the scales. The researcher provided a context to focus on the equivalence of
one variable linear equation. This activity was carried out by measuring objects on a balanced scale. At
the beginning the researcher gave a realistic problem regarding the weight of 2 people's groceries of the
same size, then the students are asked to identify the weight of 1 unknown object. This discussion was
carried out classically before small groups were formed and formed in heterogeneous groups which
reflected the interactivity characteristic (van den Heuvel-Panhuizen & van Zanten, 2020).

Students are grouped according to interest to measure vegetables/fruit on a scale or measure the weight
of corned beef groceries. In cycle 2, students are grouped heterogeneously according to their abilities
because in homogeneous learning there are difficulties in accessing peer tutors. After 60 minutes of
discussion, the researcher asked students in groups to present the results of their discussion in front of
the class. Due to time constraints, the results presentation was carried out at the next meeting. From the
results of the discussion and presentation of results, a good understanding was obtained for finding and
using equivalence for linear equations in one variable. Seeing the results of the discussion which showed
positive value, the teacher designed learning third meeting in focusing on individualization and
strengthening the understanding of the properties that apply to the operation of linear equations in one
variable. In addition, the teacher will assess students' mathematical literacy skills through a final test.

From the learning activities, it could be seen the percentage of learning achievement. In the first cycle,
it obtained the enhancement of 74% to 84% and from 80% to 88% in the second cycle. The observation
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was based on several indicators, which were aperception and motivation, core activities according to
RME characteristics, and closing activities.

The result of fostering students’ mathematical literacy ability

Mathematical literacy skills in the first cycle were measured based on the results of the diagnostic test
(pre-test) and post-test results. In this study, the data obtained were analyzed using descriptive statistics,
namely learning achievement. This refers to the opinion of Sugiyono (2022) who used descriptive
statistics in the pre-experimental design class setting which was also used in this class research action.
The results of the achievement of mathematical literacy completeness in cycle 1 are presented in the
following table.

Table 1: The Result of Math Literacy Ability in Cycle 1

Data Pre-test Data Post-test

Completeness (%)  Incompleteness (%) Completeness (%) Incompleteness (%)
12.5% 87.5% 62.5% 37.5%

Score Minimum Maximum Score Score Minimum Maximum Score

0 76 68 93

Average Average

53.53125 75.1875

Standard deviation Standard deviation

19.60227 7.230307

Based on Table 1 above, it is obtained that the level of achievement of completeness in mathematical
literacy skills increased from 12.5% to 62.5%. Although there was an increase, further intervention is
needed in the second cycle because it has not met the minimum criteria for classical completeness
achievement, which is 75%.
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Table 2: The Result of Math Literacy Ability in Cycle 2

Data Pre-test Data Post-test

Completeness (%)  Incompleteness (%) Completeness (%) Incompleteness (%)

62.5% 37.5% 78.125% 21.875%

Score Minimum Maximum Score Score Minimum Maximum Score

68 93 72 100
Average Average
75,1875 83,46875

Standard deviation Standard deviation

7,230307 8,035019

Table 2 above shows the results of the pre-test and post-test compared during cycle 2. The results
showed that the percentage of mathematical literacy scores increased from 62.5% to 78.125%. This
achievement shows the significance of increasing students' mathematical literacy which exceeds 75%
as the set standard score.

In addition to being analysed based on the achievement of mathematical literacy results in each cycle,
the data was analyzed based on competencies in mathematical literacy, namely formulate, employ, and
evaluate. This data recorded all achievements from cycle 1 and cycle 2.

Table 3 Overall Result of Mathematical Literacy

Competencies/Skills of the Republic of Indonesia 4.0, society 5.0

Parameter Formulate Employ Employ Evaluate
statistics Students can Students can Students can use Students can
formulate choose the concept of a explain the
realistic strategies in one-variable reasons related
problem solving realistic linear equation to the solution
solutions on the problems on the to solve realistic provided
topic of one- topic of one- problems
variable linear variable linear
equations equations
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Total students 32 32 32 32
Average 40.21875 72.875 69.9375 29.59375
Standard 9.841666 7.577722 9.017128 9.996435
deviation

Maximum 55 84 85 50

possible score

Minimum 20 54 47 6
possible score

Based on three competencies of mathematical literacy, it could be found that evaluate competency was
the lowest result. In this research, evaluate competency refers to give reason, compare, and evaluate the
appropriate strategies to solve the problems. This gave evidence from several studies that students’ still
lack of giving reason and evaluating strategies (OECD, 2023c, 2023d).

Differentiated-instruction in this research settings could give personal experience for students. The
problems for students engaged with were provided according to their interest. It could enhance their
motivation and could engange them personally. It was evidenced by Tomlinson (2017)’s which
differenting learning content by students’ interest, readiness, or learning styles could enhance their
motivation for learning and mastering mathematical concepts. It aligned with utilization of RME-
approach which using real-world context based on their interest could enhance students’ engagement
of learning. So, their performance could be fostered. By integrating these two strategies, gave impactful
effect especially for their mathematical literacy.

By comparing with previous researches, it could not be found yet about providing much result in
fostering students’ mathematical literacy by integrating differentiated-instruction and RME-approach.
It could be found that most research focus on one of the teaching strategies instead of integrating them.
Classroom action research by Putri et al. (2024) and Syarifuddin & Nurmi (2022) stressed of utilizing
differentiated-instruction for enhancing mathematics achievement. Furthermore, classroom action
research by Erlina & Sutarni (2024) much focussed on implementing RME-approach for improving
mathematics activity. According to these researches especially in Indonesia, integrating differentiated-
instruction and RME-approach is still limited to be explored. Also, it could not be found that each of
these strategies was utilized for improving mathematical literacy. So that, this research could provide
much insights with several consideration of research settings.

Conclusions

Based on classroom action research which was carried out in one of the junior high schools in Bantul,
Yogyakarta, it can be concluded that this classroom action research was carried out in two cycles with
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each cycle consisting of three meetings. The learning activities are carried out in class VII-E on one-
variable linear equations using a differentiated approach and RME (Realistic Mathematics Education).
Learning activities in each cycle are carried out in differentiation of content and process. Furthermore,
in this research RME-approach implemented by five characteristics, namely the use of context, the use
of model, students’ construction, interactivity, and intertwinned. The result showed that in cycle 1,
mathematical literacy ability was increased from 12.5% to 62.5% but still did not achieve the minimum
criteria. After following second cycle, it could be found that mathematical literacy ability was increased
from 62.5% to 78.125% and fulfilled the minimum criteria. Thus, the classroom action research was
stopped.

For future research, classroom atmosphere is the most factors for considered condition in integrating
differentiated-instruction and RME-approach. For some condition, implementing these two strategies
may be a challenging process because of complicated environment. By choosing an appropriate real-
world context also should be considered in term of engaging students’ interest. Furthermore, fluency of
teacher for these integration also should be dwelled on.
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