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Abstract 
This study aims to develop PISA model math questions on Change and Relationship content that are 

valid, practical, and potentially effective to improve students' reasoning and mathematical literacy skills. 

The method used is design research type development studies, which consists of preliminary and 

formative evaluation stages. The instrument was developed through a series of evaluation stages, namely 

self-evaluation, expert review, one-to-one, and small group. The research subjects were VIII grade 

students of SMP Negeri 1 Indralaya. The questions developed included six items with difficulty levels 

from level 1 to level 6 and varied contexts (personal, general, and scientific). Based on the analysis of 

student answers, it is obtained that the questions developed by researchers can be said to be valid and 

practical, this is supported by the results of the validity, reliability, difficulty level, differentiating power 

tests quantitatively and declared practical based on the results of the analysis of student answers which 

show students have been able to understand the questions, the sentences used do not have double 

meanings and do not cause errors caused by the questions. Thus, the questions developed are declared 

feasible to be used to measure and train mathematical literacy and reasoning of junior high school 

students. 
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INTRODUCTION 

Programme for International Student Assessment (PISA) is an international assessment 

that aims to measure students' ability to apply their knowledge and skills in real-life contexts, 

particularly in the areas of reading, mathematics, and science (Mayari, 2020). In mathematics, 

PISA emphasizes critical thinking, reasoning, and contextual problem-solving over mere 

mastery of formulas or algorithms (OECD, 2019). 

The 2022 PISA results show that although Indonesia's ranking has improved by 5 to 6 

positions compared to 2018, the average mathematics literacy score has actually decreased 

from 379 to 366 (A. Susanta et al., 2023). In addition, almost no Indonesian students reached 

level 5 or 6 in the 2022 PISA mathematics test, while the OECD average showed that around 
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9% of students reached that level (OECD, 2022).  

Low student performance may be caused by limited exposure to PISA-style contextual 

mathematics questions (Rawani, 2019). Developing PISA-based questions is a strategic way 

to measure mathematical literacy while training critical thinking and problem-solving skills 

(A. Safitri et al., 2023). The Change and Relationship domain emphasizes variable 

relationships, changes over time, and representations such as graphs and tables (Azzahra, 

2021). Functional thinking is essential to understand phenomena like population growth, 

speed, and data trends. and mastering it improves students’ ability to use graphs, tables, and 

algebraic forms in context-based tasks (Fadlila et al., 2023). 

However, many Indonesian students still struggle with Change and Relationship 

problems requiring higher-order thinking (Murtiyasa, 2023). Many Indonesian students 

struggle with PISA Change and Relationship tasks, particularly those requiring higher 

cognitive skills. (Nusantara et al., 2021) It highlights the importance of designing questions 

that help students shift from procedural to conceptual thinking. Previous studies have 

developed PISA-based mathematics questions, including ones tailored to students’ local and 

personal contexts. (Hardianti, 2019). Research by  (Zulkardi, 2021) Developing PISA-like 

contextual questions on Change and Relationships through the RME approach can enhance 

students’ higher-order thinking skills. (Lusinda et al., 2025) developing low-level PISA 

questions (levels 1–2) that use everyday contexts such as markets and transportation. (Mitari 

et al., 2019) focusing on developing PISA questions in the context of Palembang's local 

culture, with valid and practical questions for junior high school students. Meanwhile, 

(Azzahra, 2021) developing challenging high-level questions (levels 4–6) that support 

students' mathematical reasoning skills. 

Research has developed valid and practical PISA-like questions on Change and 

Relationship to support mathematical literacy (Fadlila et al., 2023)  Thus, it is important to 

design PISA-based questions with broader everyday contexts (Efriani et al., 2021). aiming to 

foster meaningful learning and align assessments with international standards (Davita et al., 

2020). 

 

METHODS 

This study uses a design research method (development studies) to address complex 

learning problems and produce practical and theoretical solutions in education. (Riyani et al., 

2017). The research consists of a preliminary stage (needs analysis, theory review, prototype 
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design) and a formative evaluation stage. (Sri Mertasari et al., 2022). The formative evaluation 

stage refines the product through self-evaluation, expert review, one-to-one, and small group 

testing. 

 

 

 

Gambar 1. Alur Desain Pengembangan 

The subjects were eighth graders at SMP Negeri 1 Indralaya. Three students of varied 

abilities participated in the one-to-one phase to evaluate clarity and understanding, while six 

students joined the small-group phase to assess practicality. Subjects were purposively 

selected to match each stage of development. (Putri et al., 2024). his research was conducted 

only up to the small group stage, without progressing to the field test stage. 

In the small group stage, data were analyzed through item validity testing, reliability 

testing, and difficulty level testing (Hadari et al., 2023). The correlation coefficient was used 

to determine instrument validity, with interpretation based on Table 1 and a minimum validity 

threshold set for each item 0,70 ≤ 𝑟𝑥𝑦 < 90. 

Table 1. Criteria for Correlation Coefficient Validity 

Koefisien Korelasi Korelasi Interpretasi 

0,90 ≤ 𝑟𝑥𝑦 < 1.00 Very High Excellent 

0,70 ≤ 𝑟𝑥𝑦 < 90 Height Good 

0,40 ≤ 𝑟𝑥𝑦 < 70 Moderate Enough 

0,20 ≤ 𝑟𝑥𝑦 < 40 Low Bad 

0,00 ≤ 𝑟𝑥𝑦 < 20 Very Low Very Bad 

Furthermore, the reliability analysis of an instrument is determined by the correlation 

coefficient value between the statement items and the instrument (Fitriani, 2021).Reject  

measurements to interpret the degree of reliability based on Table 2. The minimum criteria  

for the reliability correlation coefficient of test items are 0,70 ≤ 𝑟𝑥𝑦 < 90. 

Table 2. Reliability Coefficient 

Koefisien Korelasi Korelasi Interpretasi  

0,90 ≤ 𝑟𝑥𝑦 < 1.00 Very High Excellent 

0,70 ≤ 𝑟𝑥𝑦 < 90 Height Good 

0,40 ≤ 𝑟𝑥𝑦 < 70 Moderate Enough 

0,20 ≤ 𝑟𝑥𝑦 < 40 Low Bad 

0,00 ≤ 𝑟𝑥𝑦 < 20 Very Low Very Bad 

A question is said to have a good difficulty index when it is neither too easy nor too 
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difficult (Hadari et al., 2023). Table 3 shows the criteria for the difficulty index of questions, 

which must be between  0,30 ≤ 𝐼𝐾 ≤ 0,70.  

Table 3. Difficulty Index Criteria 

Difficulty Index (DI) 
Interpretation of 

Difficulty Index 

 0,00 ≤ 𝐼𝐾 ≤ 0,30 Difficult 

0,30 < 𝐼𝐾 ≤ 0,70 Moderate 

0,70 < 𝐼𝐾 ≤ 1,00 Easy 

Discriminating power was calculated by comparing the top 27% and bottom 27% of 

students, indicating how well items distinguish mastery levels. Each item’s discrimination 

index was then determined using established criteria. (Fitriani, 2021) . 

Table 4. Discrimination Index Criteria 

Difficulty Index (DI) 
Interpretation of the Difficulty 

Index 

0,00 − 0,19 Bad 

0,20 − 0,39 Enough 

0,40 − 0,69 Good 

0,70 − 1,00 Excellent 

These criteria show how well items distinguish between high- and low-ability students. 

Items with high discrimination are effective, while those with low or negative values require 

revision as they may be invalid or misleading. 

 

RESULTS AND DISCUSSION 

Researchers developed mathematics questions similar to those used in PISA, with 

content on Change and Relationships ranging from level 1 to level 6. These questions 

consisted of several contexts, with three questions in a personal context, two questions in a 

general context, and one question in a scientific context, to improve students' mathematical 

comprehension skills in solving PISA questions.  

1.1  Preliminary 

At this stage, the researcher reviewed literature on PISA question development in 

Change and Relationships, identified study subjects, and designed prototype questions. A 

question matrix, question cards, and a scoring rubric aligned with the PISA framework were 

also developed. (Purwanto et al., 2024).  

1.2 Formative Evaluation 

This stage consists of two phases, self-evaluation and prototyping. 

a. Self Evaluation 
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In the self-evaluation stage, the researcher analyzed the Change and Relationships 

content, student characteristics, and material focus before designing PISA-based 

problems emphasizing content, construct, and language. 

The questions were adapted from previous PISA items, paraphrased, and 

contextualized for Indonesia across six levels: flower sales (level 1), car sales (2), speed 

(3), cost savings (4), pyramid patterns (5), and climbers (6). Solving them requires 

students’ communication, representation, and reasoning skills. (Machmuda et al., 2024). 

b. Prototyping 

In the prototyping stage, there are three stages that are passed through in the 

validation process, namely the expert review stage, one-to-one, and small group. 

Expert Review 

Expert review was conducted by Mathematics Education peers and a lecturer at 

Sriwijaya University, with comments and suggestions summarized in Table 5. 

Table 5. Comments/Suggestions from Peers at the Expert Review Stage 

Question 

Level 
Comments/Suggestions 

Level 1 Clarify the meaning of the question 

Level 2 The information provided is unclear or insufficiently specific. 

Level 3 
The topics used should be those that exist in the surrounding 

environment. 

Level 4 Use Indonesian currency 

Level 5 The difficulty level of the questions needs to be increased. 

Level 6 No revisions are necessary. 

After peer validation, lecturers in Mathematics Education at Sriwijaya University 

also validated the questions, with their suggestions shown in Table 6. 

Table 6. Comments/Suggestions from Expert Review 

Question 

Level 
Comments/Suggestions 

Level 1 It is already at the appropriate level, no revision is necessary. 

Level 2 
Increase the difficulty of the questions, try to include simple 

arithmetic operations. 

Level 3 Increase the difficulty of the questions and use more practical words. 

Level 4 Pay attention to EYD and writing structure. 

Level 5 
Note that EYD and the question in the problem sufficiently prove the 

statement that the percentage of blue cubes is always more than 50%. 

Level 6 
Provide information on the number of days in a year to clarify the 

question and prepare additional answer options. 
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One To One 

The one-to-one stage tested three students of varying abilities, focusing on question 

quality—content, structure, and language—rather than answers, with guidance given as 

needed.(Oktaviana et al., 2020). After conducting the test questions accompanied by 

guidance, the researchers also interviewed the students and provided suggestions based 

on the results of the interviews. 

P: Did you have any trouble with the questions from these six levels?  

S: Yeah, I had trouble because I wasn't sure what steps to take to solve them, but after 

getting some guidance, I started to understand what to do.   

P: Do you have any suggestions that might make the process easier?  

S: Yes, I think the sentences used are a bit too long, and to make it easier to work on, 

perhaps some additional information could be provided to help guide students through 

the steps of the solution.   

P: For the problems in levels 1 to 4 did you encounter any difficulties with the structure 

or language used?  

S: I only had difficulty determining the correct process for solving them. 

The first prototype was revised into a second prototype based on expert review 

feedback, student input, and one-to-one observations. Figures 2–5 illustrate revisions 

made to questions at levels 2, 3, 5, and 6. 
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Figure 2. Changes in Questions at Level 
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English: 

 

Figure 3. Changes in Questions at Level 3 

 

 

 

 

 

 

 

 

English: 

Figure 4. Changes in Questions at Level 5 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Changes in Questions at Level 6 

Small Group 

The small group stage, conducted on May 8, 2025 with six grade VIII students (two 

high, two medium, two low ability), assessed the practicality and readability of the 
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questions, as well as provided initial statistical analysis of item validity, reliability, 

difficulty, and discrimination power. (Anshari et al., 2023). This study is limited only to 

the small group, so the results of statistical analysis are considered as preliminary findings 

that provide an overview of the quality of the instrument.  

The validity test was carried out using the Pearson Product Moment correlation, 

between the score of each question item and the total score of the students (Ketaren et al., 

2024). The results of calculating the validity of each question level are presented in the 

following   

Table 7. Criteria for Correlation Coefficient Validity 

Question Level Correlation Value (r) Interpretasi 

Level 1 0,594 Enough 

Level 2 0,594 Enough 

Level 3 0,751 Good 

Level 4 0,961 Excellent 

Level 5 0,973 Excellent 

Level 6 0,976 Excellent 

Results showed that Level 1–2 questions were valid with minor revisions, while 

Level 3–6 questions had good to excellent validity and were suitable for use. A reliability 

test was then conducted to measure the consistency of the PISA-type questions. 

(Indrawati et al., 2022). In the reliability test process, the researcher used the Cronbach's 

Alpha and obtained a value of 0.79, which shows that the instrument is classified as 

reliable because it is in the high category (0,7 ≤ r < 0,9).The results of the difficulty 

calculation are presented in the following table: 

Table 8. Difficulty Index Criteria 

Question Level Difficulty Level Interpretasi 

Level 1 0,83 Easy 

Level 2 0,83 Easy 

Level 3 0,86 Easy 

Level 4 0,66 Moderate 

Level 5 0,50 Moderate 

Level 6 0,40 Difficult 

The analysis showed that the instrument covers various difficulty levels and can 

accommodate differences in students’ abilities. 

Table 9. Differentiating Power Index Criteria 

Question Level Differentiating Power Interpretasi 

Level 1 0.33 Enough 

Level 2 0.33 Enough 

Level 3 0.13 Bad 

Level 4 0.4 Good 
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Level 5 0.46 Good 

Level 6 0.26 Enough 

The analysis showed that Levels 1, 2, and 6 required minor revisions, Level 3 had 

poor discrimination and needed revision or removal, while Levels 4 and 5 had good 

discrimination and were suitable for use. 

 
Translate:  C. Highest sales: Baby's breath 

      Lowest sales: Aster 

Figure 6. Student Answers to Level 1 Questions 

 

 

 
Translate :C. 1500 flower stalks 

Figure 7. Student Answers to Level 2 Question 

 

Figure 6 and 7 show that students could analyze flower sales data and estimate 

differences between months. For Level 1 and 2 questions, 83.33% answered correctly—

high and medium ability students answered correctly, while low ability students still made 

errors. 

In the level 3 question, students were asked to determine the distance that could be 

traveled for 8 hours and 10 hours by three different cars. Here is one of the students' 

answers to level 3 questions. 

       Translate: 

 

 

 

 

 

 

 

Figure 8. Student Answers to Level 3 Question  
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Level 3: Almost all students answered correctly. High-ability students provided 

complete, systematic, and accurate solutions, while moderate- and low-ability students 

were also correct but often omitted or misstated information.  

 

 

 

 

 

Translate: 

 

 

 

 

Figure 9. Student Answers to Level 4 Question 

At Level 4, 66.67% answered correctly: high-ability students solved systematically 

and accurately, moderate-ability often omitted details, and low-ability gave incomplete 

or incorrect answers.  

 

 

 

 

 

Translate:  

 

 

 

 

Figure 10. Students' Answers to Level 5 Question  
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For Level 5, 50% of students answered correctly. High-ability students solved the 

problem but sometimes wrote incomplete or inaccurate information. Moderate-ability 

students often relied on guesses or incomplete reasoning, while low-ability students failed 

to state information correctly and produced wrong answers. 

 

 

 

 

 

 

Translate and description:  

 

 

 

 

Figure 11. Students' Answers to Level 6 Question 

For Level 6, only 33.33% of students answered correctly. High-ability students 

solved the problem systematically, while some moderate-ability students relied on 

unstructured reasoning. Most moderate- and low-ability students gave incorrect answers 

and failed to state the required information. 

Based on the research results, the developed PISA-like questions are valid and 

practical, as shown by students’ work in the small group stage. The questions align with 

the curriculum and the ability level of grade VIII students. (Iswari et al., 2025). The PISA-

like questions align with Change and Relationship content and enhance students’ 

cognitive skills in analysis, reflection, conclusion, and real-life mathematical 

interpretation. (Suharyono et al., 2020). 
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CONCLUSION  

Based on the development stages—including Preliminary and Formative Evaluation 

(Self-Evaluation, Expert Review, One-to-One, and Small Group)—the PISA-like questions 

were deemed valid and practical. Quantitatively, they met criteria for validity, reliability, 

difficulty, discrimination, and bias, while qualitatively, they aligned with the PISA Change 

and Relationship framework, curriculum, and grade VIII content. The questions were 

practical, clear, and allowed students to identify information and draw appropriate 

conclusions. Additionally, the six-level questions enhance students’ critical thinking, 

reasoning, and ability to connect mathematics to real-world contexts. This research is still 

limited to the small group stage, so further research is needed at the broader field test stage to 

obtain more in-depth information about the effectiveness of the questions in learning and to 

improve the questions that have been developed. 
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