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ARTICLE INFO ABSTRACT
Published Online: This study was motivated by the low level of mathematical communication skills among
11 November 2025 junior high school students, as reflected in Indonesia’s PISA 2022 results, particularly in

expressing mathematical ideas and reasoning in written form. The aim of this research was to
develop problem designs on rational number material oriented toward improving students’
mathematical communication skills. The research method employed was Research and
Development (R&D) using the ADDIE model, limited to the Development stage. The stages
included analyzing students’ characteristics and learning needs, formulating learning
objectives and indicators of mathematical communication, and developing four initial
contextual problem designs. The results of the study were four prototype problems based on
real-world contexts: time management, financial literacy, temperature change, and cooking
activities, which required students to represent data, perform mathematical calculations, and
interpret results logically. The developed problems served as an initial design that had not yet
been validated or implemented, thus requiring further research through implementation and
Corresponding Author: evaluation stages to assess their effectiveness in enhancing students’ mathematical
Diah Nur Hidayati communication skills in junior high school.
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I. INTRODUCTION

The 2022 Programme for International Student
Assessment (PISA) results revealed that Indonesian students’
average score in mathematical literacy was only 366, far
below the OECD average of 472, placing Indonesia 69th out
of 81 participating countries (Avvisati & Ilizaliturri, 2023).
The evidence of Indonesia’s low performance, with an
average score of 366, can be seen in Figure 1. Indonesian
students performed below the OECD average across all three
domains: mathematics, reading, and science. Only 18% of
Indonesian students reached at least Level 2 proficiency in
mathematics, compared to 69% on average across OECD
countries. At this level, students are expected to recognize
and represent simple situations mathematically, such as

Mathematics

comparing distances or converting prices between currencies.
Conversely, almost no Indonesian students reached Level 5
or 6, indicating top performance in mathematics (OECD
average: 9%). In contrast, countries such as Singapore
(41%), Chinese Taipei (32%), and Japan (23%) showed
significantly higher proportions of high-achieving students Figure 1. Indonesia's Mean Performance in Mathematics
(OECD, 2023). in PISA 2022

Score points
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These findings highlight Indonesian students’ weak
mathematical literacy, particularly their difficulties in
communicating mathematical ideas, interpreting problems
logically, and evaluating mathematical arguments coherently
(Chasanah et al., 2020). International studies have
emphasized that mathematical communication skills play a
crucial role in supporting reasoning and representational
competence (Lenz et al., 2024; Planas & Pimm, 2024).
Therefore, developing learning approaches that explicitly
strengthen students’ mathematical communication is an
urgent priority to enhance both their conceptual
understanding and overall mathematical literacy.

The lack of mathematical communication skills is closely
related to instructional approaches that emphasize final
answers rather than the process of reasoning and
communication itself (MacKay et al., 2023; T.-T. Nguyen et
al., 2024; Zhang et al., 2025). In meaningful mathematics
learning, the process of expressing ideas and constructing
logical arguments plays a vital role in conceptual
understanding (NCTM, 2000; H. T. M. Nguyen et al., 2025).
Recent research shows that problem-based learning (PBL)
effectively fosters communication skills by engaging
students in exploring, discussing, and reflecting on
mathematical ideas collaboratively (Cevikbas & Kaiser,
2021; Mirna et al., 2023; Tong et al, 2021). Thus,
instructional models that focus on contextual problem
solving and collaboration can serve as strategic approaches to
strengthen students’ mathematical communication.

Problem design is an effective strategy to cultivate
students’ mathematical communication abilities. Problem-
based tasks encourage students to analyze contextual
situations, select relevant strategies, and communicate their
reasoning and conclusions both orally and in writing
(Hidayati et al., 2020; Sulastri, 2023). Moreover, well-
constructed problem designs promote mathematical
interaction among students, encouraging them to justify their
ideas and explain problem-solving processes systematically
(Cartwright, 2020). International research supports this
notion, emphasizing that tasks promoting multiple
representations and mathematical justification enhance
students’ conceptual engagement and discourse (Canogullari
& Radmehr, 2025; Johnson, 2022).

Rational numbers are among the mathematical topics that
particularly benefit from contextual problem design. Many
students find this topic abstract because it is often taught
procedurally without connection to real-world contexts
(Ezaki et al., 2024; Fajri et al., 2025). Recent studies show
that integrating multiple representations of rational numbers
significantly improves conceptual understanding and
mathematical performance (Braithwaite & Siegler, 2021;
Schiller & Siegler, 2023). Real-life contexts such as recipes,
trade, and measurement tasks can make rational number
learning more meaningful and communicative (McMullen et
al., 2022; Rosenberg-Lee et al., 2023). Therefore, contextual

problem design within the topic of rational numbers is
essential for promoting both mathematical communication
and conceptual comprehension.

Although numerous studies have developed instructional
media or learning tools, few have focused specifically on the
design of context-based problems to assess or foster students’
mathematical communication (Toalongo et al., 2022; Van
der Wal et al., 2023). Musdi et al. (2024) developed a
mathematical communication assessment tool in algebra,
while Hidayat and Aripin (2023) designed a scientific-based
E-worksheet to enhance students’ communication skills.
However, contextual problem ideas in rational number topics
remain limited and require further development to help
teachers vary instructional tasks that support mathematical
communication. Thus, this study focuses on developing a
problem design oriented toward junior high school students’
mathematical communication skills on rational number
material using the first three stages of the ADDIE model:
analysis, design, and development (Branch, 2009).

This study is expected to provide both theoretical and
practical  contributions to 2Ist-century mathematics
education. Theoretically, it enriches the body of knowledge
regarding contextual problem design as a means of
enhancing  students’  mathematical  communication.
Practically, the developed problem designs can be used by
teachers as alternative learning materials or assessment tools
that support problem-based instruction. Furthermore, this
study serves as a foundation for future research focusing on
the implementation and evaluation stages to measure the
effectiveness of the developed designs in improving
students’ mathematical communication skills. Therefore, this
research marks an initial step toward building mathematics
learning that is more communicative, reflective, and
contextually meaningful in junior high schools.

II. RESEARCH METHOD

This study employs a Research and Development (R&D)
approach using the ADDIE model (Analysis, Design,
Development, Implementation, and Evaluation) as proposed
by Branch (2009). However, the scope of this study is limited
to the first three stages, namely Analysis, Design, and
Development, while the Implementation and Evaluation
stages are reserved for further research. The ADDIE model
was chosen for its systematic yet flexible structure in
developing educational products. In this case, a set of
problem designs on rational numbers oriented toward
students’ mathematical communication skills at the junior
high school level.

Analysis Stage

The analysis stage aims to identify learning needs,
student characteristics, and essential components of rational
number learning as the basis for developing problem designs.
This stage consists of four main activities:
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1. Determining student characteristics, including cognitive
level, learning preferences, and prior experience in
mathematical problem solving.

2. Analyzing the content of rational number material to
identify key concepts relevant to real-life contexts, such
as fractions, decimals, and percentages.

3. Analyzing learning objectives, by reviewing the
curriculum and expected learning outcomes related to
rational numbers.

4. Analyzing mathematical communication indicators, to
define specific aspects to be developed, such as
expressing mathematical ideas, using appropriate
representations, and providing logical reasoning.

Results of this stage are data on student characteristics,
content analysis, learning objectives, and indicators of
mathematical communication.

Design Stage

The design stage focuses on developing the initial draft of
problem designs based on the previous analysis. The aim of
this stage is to produce an initial draft of contextual problem
designs on rational numbers oriented toward mathematical
communication skills. The main activities include:

1. Determining real-life themes or contexts that are relatable
to students’ daily experiences, such as time management,
financial literacy, temperature changes, and cooking
activities.

2. Defining mathematical procedures that guide students in
solving the problems, including steps for computation,
data representation, and conclusion formulation.

3. Presenting the content of the problems in a contextual
narrative designed to encourage critical thinking,
discussion, and logical communication of mathematical
ideas.

This stage has results on initial drafts of problem designs
containing real-life contexts, mathematical procedures, and
problem narratives.

Development Stage
The development stage aims to produce an initial product
in the form of rational number problem designs ready for
future validation. The main activities are as follows:
1. Developing problem designs based on the results of
analysis and the real-life contexts previously determined.
2. Constructing four contextual problem designs on rational
numbers that integrate mathematical communication
skills into the problem-solving process.
This stage resulted in an initial product consisting of four
contextual problem designs, which have been systematically
developed but have not yet undergone expert validation or
field testing. These later stages will be carried out in
subsequent research to evaluate the -effectiveness and
practicality of the developed designs. The first three stages
(Analysis, Design, and Development) can be seen Figure 2
below.

Devilopment
| Tdentily stixlert o Delermune realdile o Develop problem
charactentics Comeats o thenwes desagns according 10 the
o Annlyze the contentof | o Define mathematical analvaes and determned
eational nambor provedures COMLexts
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Figure 2. Research Stages Based on the ADDIE Model

III. RESULTS AND DISCUSSION

This study produced problem designs developed based on
indicators of mathematical communication skills. The results
of each step in the process of designing these problems are
discussed as follows.

Analysis

The first step in the analysis stage was to determine the
characteristics of the students. A preliminary study was
conducted through interviews with a seventh-grade
mathematics teacher at a public junior high school in
Yogyakarta. The subjects of this study were seventh-grade
students. Their characteristics indicated that understanding of
rational number concepts was still limited, particularly in
connecting these concepts to real-life situations.
Furthermore, the prerequisite knowledge students should
possess before learning rational numbers includes
understanding the concept of integers and their arithmetic
operations.

The interview results revealed that although some
students had an initial understanding of rational number
operations, they often encountered difficulties in expressing
and communicating their ideas systematically. Therefore, it
is necessary to design problems that connect mathematical
concepts to familiar, real-life contexts such as time
management, financial expenditure, temperature changes,
and food distribution. These contexts are expected to
effectively activate students’ communication skills through
writing, symbols, and other visual representations.

Next, the content of the rational number material was
analyzed, which includes fractions, decimals, and the basic
operations of addition, subtraction, multiplication, and
division. This material is crucial as it forms the foundation
for understanding more advanced mathematical concepts.
The analysis revealed that students often experience
difficulties in converting between different forms of rational
numbers and in understanding the contextual meaning of
their use in daily life.

The learning objectives for the rational number material
in this study are that students are expected to:

1. Express rational numbers in fractional and decimal forms.

2. Compare rational numbers.

3. Perform addition, subtraction, multiplication, and
division of rational numbers in real-life contexts.
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4. Solve contextual problems involving rational numbers.

The final step of the analysis stage was to examine the
indicators of mathematical communication skills. To assess
students’ mathematical communication skills, clear and
measurable indicators are required. Several experts have
proposed relevant indicators, like Baroody (Baroody, 1993)
emphasized two important reasons why communication
should be a central focus in mathematics learning:

1. Mathematics is not only a tool for thinking, discovering
patterns, or solving problems, but also a valuable
language for clearly, precisely, and concisely
communicating ideas.

2. Mathematics learning is a social activity in which
interaction between teachers and students plays a vital
role in developing students’ mathematical potential.
According to the National Council of Teachers of

Mathematics (NCTM, 2000), the indicators for assessing
students” mathematical communication skills include:

1. Organizing and connecting mathematical thinking
through communication.

2. Communicating mathematical ideas coherently to peers,
teachers, and other.

3. Analyzing and evaluating others’ mathematical thinking
and strategies.

4. Using mathematical language to express ideas precisely.
Meanwhile, Sumarmo (Sumarmo, 2006) defined the

indicators of mathematical communication skills as students’
abilities to:

1. Represent real objects, pictures, and diagrams into
mathematical ideas or symbols.

2. Eexplain mathematical ideas, situations, and relationships
verbally or in writing using real objects, diagrams,
graphs, or algebraic expressions.

3. Eexpress daily life situations in mathematical language or
symbols and construct mathematical models of such
events.

4. Listen, discuss, and write about mathematics.

5. Construct conjectures, formulate arguments, definitions,
and generalizations.

6. Restate a mathematical statement or passage in their own
words.

Recent developments in mathematics education
emphasize that mathematical communication is not merely
the ability to express solutions but also the capacity to
reason, represent, and construct meaning through multiple
modes: symbolic, verbal, and visual. Contemporary works
such as Halai and Clarkson (2016) and Webb and Webb

(2016) highlight that dialogic interaction and language use
play a crucial role in developing reasoning and
communication, particularly in multilingual classrooms.
Likewise, Greefrath et al. (2016) emphasize that
communication is an integral process within mathematical
modeling, where students represent real-world situations
mathematically and interpret the outcomes coherently.
Empirical studies also support this multidimensional view of
communication; for instance, Cartwright (2020) analyzed
students’ communicative behavior in collaborative tasks,
while Toalongo et al. (2022) developed and validated a
rubric assessing representational and communicative
competencies in mathematical modeling.

Based on these perspectives, this study limits the scope of
communication to written mathematical communication.
Students are considered to have achieved good mathematical
communication skills when they meet the following
indicators:

1. Accurately express situations, data, or information from
problems or real-life events in tables, figures, or number
lines.

Table 1. Blueprint of Rational Number Problem Design

2. Correctly use mathematical notations, symbols, or
formulas and carry out calculations accurately.

3. Interpret and communicate the results or solutions of
mathematical problems effectively.

These indicators, adapted from foundational frameworks

proposed by Baroody (1993), NCTM (2000), and Sumarmo

(Sumarmo, 2006), are further strengthened by recent

international perspectives that position communication as a

bridge between problem solving, reasoning, and

understanding in mathematics.

Design

The initial step in the design stage was to determine real-
life contextual themes related to rational numbers. The
contexts were selected based on everyday problems
experienced by students so that they would find the problems
relevant and be motivated to solve them. The blueprint of the
rational number problem designs oriented toward
mathematical communication skills developed in this study is
presented in the Table 1.

Problem
Problem Contexts Learning Objectives Indicators Items
1. Time Management = Express rational numbers in 1. Accurately express situations, data, or la, 2a, 3a

2. Financial Literacy in
Buying and Selling = Compare rational numbers

Activities = Perform addition, subtraction,
multiplication, and division of 2. Use correct notations, symbols, or 1b, 2b, 3b, 4a

3. Temperature Changes in

fractional and decimal forms

information from problems or real-life
events in appropriate tables, diagrams,
or number lines.
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Daily Life
4. Fraction Conversion and contexts

rational numbers in real-life

formulas and solve problems through
accurate computational processes.

Distribution in Cooking = Solve contextual problems 3. Interpret and communicate the results or  1¢, 2¢, 3¢, 4b

Activities

involving rational numbers

solutions of mathematical problems
effectively.

Then the next step is to determine the mathematical
procedures and to present the content of each problem that
has been designed. The detailed problem statements will be
provided in the development stage. Below are the concise
mathematical procedures for solving each contextual
problem.

3. Interpret the meaning of the temperature change in a real-
life context.
Problem 4:
1. Determine how many muffins can be made by dividing
the total batter by the amount required per mold.

Problem 1:
1. Convert Fika’s and Rina’s race times into decimal form.
2. Represent the times on a number line.
3. Compare the times to determine who is the fastest.
Problem 2:
1. Calculate the price of one slice of watermelon and one
slice of melon.

2. Interpret the result of the division (including any
remainder) in context.

Development

In the development stage, the contexts that had been
designed were further developed into contextual problem
designs aimed at assessing students’ mathematical
communication skills. The problems were constructed to be
as closely related as possible to students’ real-life
experiences so that learning would become more meaningful,
engaging their cognitive processes and promoting active
mathematical communication. Table 2 are the four developed
problem designs along with an analysis of their
communicative potential:

2. Create a comparison table showing the fractional portion
and the full-fruit price.

3. Compare the total cost with the amount of money the
buyer has.

Problem 3:

1. Calculate the temperature difference.

2. Represent the temperature change on a number line
(including negative and positive values).

Table 2. Rational Number Problem Design
Problem 1. Comparing Swimming Race Times (Context: Time Management)

After two full weeks of training, Fika and Rina participated in a 100-meter school swimming competition. The
event was attended by all seventh-grade students. Fika swam very quickly, recording a time of 0.85 minutes, while

Rina, who initially fell behind but caught up near the end, finished the race in g minutes. Both students were

confused because their physical education teacher reported their times in different forms. To determine who was
faster, they needed to understand both fractional and decimal representations and visualize their results.
a. Convert Fika’s and Rina’s swimming times into equivalent decimal forms.
b. Represent their swimming times on a number line.
c. Based on your number line, who reached the finish line faster? Explain your reasoning.
Analysis:
The first problem integrates rational numbers in both fractional and decimal forms. Students are expected to:
=  Convert time units from fractions to decimals.
= Use a number line representation to compare two rational numbers.

=  Explain the time difference using logical and precise mathematical language.
This problem reflects the indicators of mathematical communication skills, particularly the ability to represent
problem information visually and draw conclusions from the comparison of rational numbers.
Problem 2. Buying Fruit Slices at a Traditional Market (Context: Financial Literacy in Buying and Selling
Activities)
Mrs. Narti sells fresh fruit at a traditional market. To attract customers, she sells the fruit in sliced portions. That
day, she offered watermelon and melon in slices as follows:

e Each slice of watermelon is sold for g of the whole-fruit price of Rp32,000.

e Each slice of melon is sold for E of the whole-fruit price of Rp25,000.

A customer wants to buy one slice of each fruit but only has Rp30,000. The customer asks Mrs. Narti whether the
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money is enough to buy both slices.

a. Calculate the price of one slice of watermelon and one slice of melon.

b. Create a table showing the comparison between the price of each fruit slice and the full-fruit price.

C. Based on the table, determine whether the customer has enough money to buy both fruits. Explain your

reasoning.

Analysis:

The second problem develops students’ competence in using fractions and decimals within a financial literacy

context. Students are expected to:
e  Convert fractions into decimal form.

e (Calculate monetary values based on fractions and percentages.

e Present data in a table and write a mathematical conclusion based on the results.
This problem trains students’ mathematical communication skills in organizing financial information and expressing
conclusions clearly based on numerical reasoning.

Problem 3. Temperature Changes During Camping in the Highlands (Context: Temperature Changes in
Daily Life)

Arya went camping with his scout group in the Dieng Highlands. When he woke up at 4 a.m., he felt very cold. He

recorded the temperature using his digital thermometer, which showed —EOC. Later, at 10 a.m., he measured the

temperature again, and it had risen to 4°C, making the air feel slightly warmer. Arya became curious about how
much the temperature had changed from 4 a.m. to 10 a.m. He also wanted to illustrate this change in his camping

activity report.

a. Calculate the difference in temperature between 4 a.m. and 10 a.m.
b. Represent the temperature change on a number line showing both negative and positive values.
c. Explain the meaning of this temperature change in real-life terms and interpret it mathematically.

Analysis:
The third problem requires students to:

e Convert fractional and negative numbers into decimal form.

e Interpret the difference between two numbers located on opposite sides of the number line.

e Explain the meaning of negative values in daily life using mathematical reasoning.
This problem explicitly develops students’ mathematical communication skills in using symbols and visual
representations to explain real-world situations logically and meaningfully.

Problem 4. Dividing Muffin Batter (Context: Fraction Conversion and Division in Cooking Activities)

Mrs. Rina made 4% kilograms of muffin batter. Each muffin mold requires 11_0 kilogram of batter.

a.  How many muffins can be made by Mrs. Rina?

b. Is there any batter left after filling all the molds? Explain your reasoning.

Analysis:
The final problem sharpens students’ ability to:

e Perform division involving whole numbers and fractions.

e Interpret the result of division in terms of whole numbers and remainders.

e  Explain the meaning of the result and the remainder in a real-life context through written expression.
This problem integrates mathematical modeling, rational number computation, and mathematical communication,
particularly in explaining non-whole-number results within a contextual situation.

DISCUSSION

The problem designs developed across four real-life
contexts were constructed to promote conceptual
understanding of rational numbers while simultaneously
enhancing junior high school students’ mathematical
communication skills. The first problem presents a

swimming race time comparison between Fika and Rina.

In this problem, students are guided to compare 0.85 minutes
7

and g minutes (or 0.875 minutes), requiring them to convert
between decimals and fractions and visualize the results on a
number line. This design aims to strengthen students’ ability
to compare rational numbers both visually and symbolically,
aligning with the findings of Morano et al. (2019), who
stated that visual representations such as number lines help
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students (especially those with learning difficulties) grasp the
concept of comparing decimals and fractions more
concretely. Through this process, students learn to articulate
their reasoning in written and visual forms, which enhances
their mathematical communication fluency.

The second problem introduces basic financial literacy
through the context of purchasing fruit slices. In this design,
students are challenged to calculate fractional values of
product prices and interpret the results in relation to a limited
amount of money. The objective is to build the understanding
that fractions are not merely abstract symbols but quantities
that carry real meaning in everyday life. This approach aligns
with Brown (2019), who emphasized the importance of
understanding rational numbers in meaningful contexts. Such
contextual reasoning encourages students to explain their
problem-solving  strategies, connecting  mathematical
symbols to everyday interpretations.

The third problem, which focuses on temperature
changes, serves as a bridge for understanding negative
numbers and their operations. In this task, students are asked

to determine the difference between an initial temperature of
4

5°C (or —0.8°C) and a final temperature of 4°C. The
computation would be 4 — (—0.8) = 4.8°C, is designed to help
students conceptualize subtraction involving negative
numbers using number line support. This design reflects the
study of Gonzalez-Forte et al. (2023), which demonstrated
that visual representations are effective in addressing
misconceptions caused by integer bias in the operation of
negative and rational numbers. By interpreting and
explaining their reasoning with reference to the number line,
students strengthen both conceptual understanding and
written mathematical justification.

The fourth problem centers on the division of mixed

fractions in the context of dividing muffin batter. Students
1,1

are expected to determine that 2 10 = 45 muffins,
resulting in a whole number without remainder. This design
encourages students to use pictorial or fractional visual
models as verification tools, supporting the argument of
Pittalis (2025) that contextual learning activities reinforce
students’ conceptual schema of rational number operations.
This form of verification promotes students’ ability to
communicate mathematical arguments coherently and justify
the logic behind their solutions.

Mathematical communication ability is one of the key
indicators of success in mathematics learning. NCTM
emphasized that communication is not limited to presenting
answers but also includes representing ideas, using correct
notation, and providing logical and convincing reasoning
(Jahangiri et al.,, 2022; Saleh Haji, 2019). This approach
aligns with MacKay et al. (2023), who found that consistent
visual structures such as number lines enhance rational
number processing in both children and adults, as evidenced
through eye-tracking studies. This finding reinforces that

visual tools are not merely learning aids but essential
components of mathematical communication. Therefore,
designing learning tasks that integrate visualization and
explanation simultaneously supports the dual goals of
understanding and expressing mathematical reasoning.

Furthermore, mastering rational numbers is a crucial
foundation for learning basic statistics. When students
explore concepts such as proportion, relative frequency, and
averages, they must handle numerical representations in
fractions, decimals, and percentages. Students’ difficulties in
statistics often stem from challenges in converting and
comparing fractions, decimals, and percentages, which
directly affects the accuracy of computing means, medians,
modes, and proportions (Kérki et al., 2022). As Pittalis
(2025) also noted, rational understanding developed through
concrete contexts helps students manage quantitative
information effectively in statistics. Hence, developing
communication-oriented rational number understanding at an
early stage contributes directly to students’ later competence
in statistical reasoning.

Consistent ~ with  Schoenfeld  (2020), students’
mathematical thinking develops optimally when they are
presented with authentic problems that require justification
and reflection on their solutions. The use of real-world
contexts as starting points, term didactical phenomenology,
helps students move from informal models toward formal
concepts (Rojo et al., 2023). Challenging problems stimulate
active engagement, enabling students to construct
understanding and communicate it effectively (Lee & Jung,
2025; Wijnia et al., 2024). In this sense, communication
serves not only as a product of learning but as a process that
deepens students’ reflective and conceptual engagement with
mathematics.

The four developed problems thus represent functional
designs  that reflect mathematical communication
competence. Each problem contains a degree of cognitive
complexity requiring students to transform representations,
perform calculations, and construct logical interpretations.
Therefore, the development of these problem designs not
only demonstrates mastery of rational number concepts but
also serves as a medium for strengthening 21st-century skills,
particularly students’ mathematical communication abilities.

IV. CONCLUSION

This study produced four rational number problem
designs developed through the ADD (Analysis, Design,
Development) stages, oriented toward improving junior high
school students’ mathematical communication skills. Each
problem was designed within real-life contexts relevant to
students’ experiences, such as time management, financial
spending, temperature changes, and dough distribution.
These four problems reflect indicators of mathematical
communication through activities such as expressing
information in visual representations (tables, diagrams,
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number lines), using mathematical notations or symbols
accurately, and formulating logical interpretations of results.

The developed problem designs aim to address students’
difficulties in understanding rational numbers, which are
often taught abstractly. By connecting the material to real-life
contexts, students are encouraged to think critically, engage
in discussions, and express their understanding
mathematically in written form. The problems are not only
oriented toward obtaining final answers but also emphasize
the process of reasoning, argumentation, and students’ ability
to explain their thinking in writing. Moreover, rational
numbers are closely related to basic statistics, particularly in
data representation, proportion calculation, and result
interpretation.

In general, this study provides practical contributions for
teachers and mathematics educators by offering a variety of
rational number problems oriented toward enhancing
students” mathematical communication skills. These problem
designs can serve as alternative assessment instruments as
well as meaningful learning materials that connect
mathematical concepts to real-world situations. Further
research is recommended to continue the complete ADDIE
development cycle, testing and implementing these problem
designs  systematically in classroom settings, and
quantitatively —measuring their impact on students’
mathematical communication performance. Such follow-up
studies are expected to provide deeper insights into the
effectiveness, practicality, and scalability of contextual
problem-based learning in mathematics education.
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