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Abstract  

Mathematical modeling is key in helping students connect abstract mathematics with real-life situations by 

transforming practical problems into mathematical forms, solving them analytically, and interpreting solutions in 

context. This study investigates junior high school students' mathematical modeling abilities in solving PISA tasks 

on Uncertainty and Data, analyzed through the OECD (2018) framework of formulating, employing, interpreting, 

and evaluating. Employing a descriptive qualitative approach, we collected data through written tests and follow-up 

interviews with seventh-grade students. Findings reveal that students show moderate ability in employing 

mathematical procedures (50.2%) but struggle with formulating problems (45.3%). Most critically, they demonstrate 

significant difficulties in interpreting (33.7%) and evaluating (28.5%) solutions within real-world contexts, impairing 

their ability to apply mathematics practically. Qualitative analysis of written tests and interviews shows that students 

often develop mental strategies but fail to articulate them in writing. These findings underscore the critical need to 

strengthen higher-order modeling skills in instructional practices, particularly interpretation, evaluation, and 

mathematical communication. The study reveals essential gaps between procedural competence and practical 

application, suggesting that curriculum reforms should emphasize problem-solving approaches to develop 

mathematical modeling abilities that meet PISA’s standards. 
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I. Introduction  

The role of mathematics in education 

extends beyond conceptual mastery, fostering 

essential skills like logical, analytical, and 

systematic thinking that empower students to 

make informed decisions and solve real-world 

problems (Daulay, Patwal, Wahyudi, & Ritonga,  

2025). As the world becomes increasingly 

complex, mathematics learning is no longer 

centered only on using formulas and procedures 

(Murdikah, Sudaryana, Hardiana, & Nurfitriyah, 

2021). Instead, it is now directed toward 

cultivating students’ abilities to understand and 

solve contextual problems in meaningful ways 

(Yadih, Salsabila, & Murdiyanto, 2023). One of 

the key abilities in this regard is mathematical 

modeling. This refers to students' capacity to 

represent real-world phenomena using 
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mathematics, solve the resulting problems, and 

interpret the solutions within the original context 

(Kurniadi, Darmowijoyo, & Pratiwi, 2020). 

The importance of mathematical 

modeling becomes even more apparent when 

viewed through the lens of international 

assessments such as the Programme for 

International Student Assessment or PISA. The 

2022 PISA framework classifies mathematics into 

four main content areas. Change and 

Relationship, Space and Shape, Quantity, 

Uncertainty, and Data (OECD, 2023). 

Unfortunately, Indonesia continues to perform 

poorly, ranking seventy-second out of eighty-one 

participating countries. Only eighteen percent of 

Indonesian students can achieve the baseline level 

of mathematical proficiency, Level Two 

(Ramadhan & Rozak, 2024; Siregar et al., 2024). 

These results indicate that many students in 

Indonesia have difficulty applying their 

mathematical knowledge to real-world problems, 

a central feature of both mathematical literacy and 

modeling (Nurmaya, Muzdalipah, & Heryani, 

2022). This issue indicates the need for 

instructional strategies promoting higher-order 

mathematical thinking (Nuryadi, Santoso, & 

Indaryanti, 2018). 

Alongside international assessment 

outcomes, attention must be given to how national 

curriculum policies contribute to students' 

mathematical modeling competence. While the 

Merdeka Curriculum and the 2013 Curriculum 

aim to promote contextual learning, classroom 

practices often focus on procedural skills and final 

answers, neglecting the process of mathematical 

modeling (Nurindah & Hidayati, 2021; 

Ramadhani, Siregar, & Rajagukguk, 2024). This 

suggests a disconnect between curriculum intent 

and implementation, which may limit 

opportunities for students to engage meaningfully 

in modeling activities (Sari & Ralmugiz, 2020).  

This disconnect between curriculum 

intent and classroom practices is particularly 

evident in the PISA content area of Uncertainty 

and Data, which is crucial for assessing students' 

ability to apply mathematical reasoning in real-

world contexts. Among the four content areas in 

PISA, uncertainty and data are especially relevant 

for assessing real-life applications and reasoning 

(Saputri, Turidho, Zulkardi, Darmawijoyo & 

Somakim, 2020). According to the OECD (2023) 

this content area lies at the core of mathematical 

analysis in many situational problems. It involves 

using probability and statistics to organize, 

describe, and interpret data. As such, it challenges 

students to understand mathematical concepts and 

build mathematical models from situations that 

involve uncertainty or data-based reasoning. 

However, research has shown that many students 

experience difficulties in this area. 

Numerous studies have documented these 

difficulties that explore student performance in 

uncertainty and data modeling tasks. Sumarni, et 

al., (2023) found that students often encounter 

challenges constructing appropriate mathematical 

models for uncertainty and data problems. 

Setiawati, Aminudin, & Basir, (2023) reported 

that students with lower achievement levels tend 

to solve problems without structure and fail to 

reach accurate conclusions. Masfufah & 

Afriansyah (2021) observed that students 

frequently struggle to identify essential 

information and transform it into mathematical 

representations. Similarly, Sujadi et al. (2022) 

revealed that modeling errors often arise from a 

lack of contextual understanding. These findings 

highlight the need to explore further students' 

modeling processes in tasks involving uncertainty 

and data. 

Theoretical perspectives highlight that 

mathematical modeling is a complex process 

involving understanding real-life problems, 

identifying relevant variables, describing their 

relationships, constructing mathematical models, 

solving the problems, formulating mathematically 

structured questions, and interpreting the results 

(Bliss & Libertini, 2016; Niss & Blum, 2020). 

According to Maaß (2006), this process can be 

broken down into four stages: understanding the 

problem, building the model, finding the solution, 

and interpreting the outcome. This shows that 
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modeling requires calculation skills, conceptual 

reasoning, and the ability to reflect on results. 

Although previous research has identified 

general difficulties students face in mathematical 

modeling, few studies have examined how 

Indonesian junior high school students 

specifically engage with each modeling phase as 

defined by the OECD framework. This study aims 

to examine their mathematical modeling abilities 

in solving PISA tasks related to uncertainty and 

data, focusing on three key processes: formulating 

real-world problems into mathematical models, 

employing appropriate mathematical concepts 

and procedures, and interpreting and evaluating 

the results within the original context. Using the 

OECD (2023) framework as an analytical lens, 

this research seeks to reveal students’ strengths 

and weaknesses across these phases, thereby 

providing insights to support more targeted and 

effective instructional strategies.  

II. Research Method 

This study employs a descriptive 

qualitative approach to examine the mathematical 

modeling abilities of seventh-grade students in 

solving PISA tasks related to uncertainty and data 

content. Participants were purposively selected 

based on recommendations from the mathematics 

teacher regarding their average mathematics 

achievement and the student's willingness to 

participate in the study. Before data collection, 

informed consent was obtained from the students 

and their parents or guardians, ensuring voluntary 

participation. Confidentiality of the participants' 

identities and responses was maintained 

throughout the study. Data were collected through 

a written test consisting of PISA problems to 

measure students' abilities in three key aspects of 

mathematical modeling: formulating problems 

mathematically, employing mathematical 

concepts and procedures, and interpreting and 

evaluating results.  

To gain deeper insights into students’ 

thinking processes and problem-solving 

strategies, in-depth semi-structured interviews 

were conducted with selected students after the 

test administration. The interviews lasted 

approximately 15 minutes and were designed to 

explore students’ reasoning in more detail. 

Students were selected for interviews based on 

their test performance, representing a range of 

problem-solving abilities. The data collection 

procedure began with a written test consisting of 

PISA questions and individual interviews. The 

test included two questions specifically selected 

to assess the four aspects of mathematical 

modeling: formulating situations mathematically, 

using mathematical concepts and procedures, and 

interpreting and evaluating results. The test data 

were analyzed descriptively using a qualitative 

approach to explore students' proficiency levels 

based on predetermined scoring categories, while 

interview data were analyzed qualitatively using 

content analysis. The process began with 

verbatim transcription of the interviews, followed 

by manual coding, grouping, and systematic 

interpretation of the data according to the 

mathematical modeling framework outlined by 

OECD (2023). 

The following table presents the 

indicators of mathematical modeling ability as 

defined by OECD (2023), which serve as the 

analytical framework for this study: 

 

Table 1  

Mathematical modelling ability indicators 

Modelling 

Process 
Ability Indicators 

Formulate Able to understand real-world 

situations, identify relevant 

information, and translate problems 

into mathematical form 

Employ Able to apply appropriate 

mathematical concepts, principles, and 

procedures to solve problems 

Interpret Able to accurately connect 

mathematical results back to the 

original problem context 

Evaluate Able to assess the accuracy, 

appropriateness, and limitations of 

mathematical solutions within the 

problem context 
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III. Results and Discussion 

In this study, students were asked to solve 

two PISA problems on uncertainty and data 

content made in 2006 to assess their mathematical 

modeling ability.  

  
Figure 1. PISA questions 

Based on Figure 1, In question 1, students 

were asked to evaluate compound probability by 

analyzing the chance that a spinner lands on an 

even number and then selecting a black marble 

from a bag. This question assesses students’ 

ability to understand and combine two 

independent probabilistic events in a real-life 

game scenario. In Question 2, students were asked 

to interpret a probabilistic statement made by a 

geologist regarding the likelihood of an 

earthquake occurring within the next twenty 

years. This question assesses their ability to 

reason about probability expressed in everyday 

language and to evaluate how such statements 

reflect uncertainty and likelihood in real-world 

contexts. 

Based on the test results and the 

evaluation using the assessment rubric, the 

researcher categorized students according to the 

criteria for mathematical modeling ability 

adopted from OECD (2023), as shown in Table 1: 

 

 

 

 

Table 2  

Percentage of student’s mathematical modeling skills. 

Score Category Frequency Percentage 

81-100 Very 

Good 

3 12,5% 

61-80 Good 3 12,5% 

41-60 Enough 9 37,5% 

21-40 Bad 5 25% 

0-20 Very 

Bad 

3 12,5% 

Total 24 100% 

(Ambarita, Asri, Agustina, Octavianty, & Zulkardi, 

2018) 

 

Based on the mathematical modeling 

ability test results shown in Table 1, 12.5% of the 

participants were classified as excellent, as they 

could fulfill all modeling indicators. Another 

12.5% were categorized as good, demonstrating 

fairly consistent modeling steps. Meanwhile, 

37.5% fell into the moderate category, showing 

partial understanding. A total of 25% were 

classified as poor, as they only simplified the 

problem without completing the whole modeling 

process, and 12.5% were categorized as very 

poor, merely copying information without 

understanding. Overall, students' mathematical 

modeling ability to solve the PISA problems was 

moderate. 

The following section presents the 

analysis of the test and interview data, along with 

the discussion. Students' achievement of the 

modeling indicators can be seen in the table 

below. Mathematical modeling ability consists of 

four indicators: formulate, employ, interpret, and 

evaluate. The table shows the frequency of 

students in each aspect of modeling ability. 

Table 3  

Achievement of student mathematical modeling 

indicators. 

No. 
Indicator 

Formulate Employ Interpret Evaluate 

1 65,5% 55% 40,5% 35% 

2 45% 60,5% 35% 30,5% 

3 25,5% 35% 25,5% 20% 

Avg. 45,3% 50,2% 33,7% 28,5% 

 

Table 3 shows students’ achievement 

across the four indicators of mathematical 

modeling based on three questions. The 'Employ' 
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indicator has the highest average (50.2%), 

indicating that students are fairly capable of 

applying mathematical models. The 'Formulate' 

indicator (45.3%) suggests that students still face 

difficulties in formulating problems. The 

'Interpret' (33.7%) and 'Evaluate' (28.5%) 

indicators have the lowest averages, indicating 

that students are still weak in interpreting results 

and assessing the accuracy of models. These 

findings highlight the need to strengthen 

interpretation and evaluation skills in 

mathematical modeling instruction. 

The following are some student responses 

that are interesting to discuss further. AAR’s 

response to the PISA question is presented in 

Figure 2. 

 

AAR’S answer (high ability student) 

 
Figure 2. AAR's answer to the question 

As shown in Figure 2, AAR demonstrated 

high mathematical modeling ability. The student 

identified key information from the problem and 

translated it into a mathematical model by 

calculating the probability of the spinner landing 

on even numbers and then the probability of 

drawing a black marble (formulate and employ). 

S/he multiplied both probabilities correctly and 

interpreted the result as 22.2%, concluding that 

the event is "not very likely" (interpret). The 

student also evaluated the situation by 

categorizing the result within a contextual 

framework ("not very likely"), showing the ability 

to reflect on and assess the reasonableness of the 

answer (evaluate). 

Researcher : Can you explain how you 

solved this problem? 

AAR : First, I found the probability 

that the spinner would stop 

on an even number, 4 out of 

6, so 2/3. 

Researcher : Then? 

AAR : Then, 6 out of 18 black 

marbles are in the bag, so 

the probability of picking a 

black marble is 1/3. 

Researcher : How did you determine 

Sue's probability of 

winning? 

AAR : I multiplied 2/3 × 1/3 to get 

2/9, which is 22.2%.  

Researcher : Why did you conclude that? 

AAR : Because 22% is small, the 

probability of winning is not 

very big. 

 

From the results of the researcher's 

interview with AAR, S/he could identify all 

relevant information from the problem and 

correctly develop a plan to solve it. AAR 

calculated the probability of the spinner landing 

on an even number and the probability of drawing 

a black marble, then combined the probabilities to 

determine the overall chance of winning. AAR 

could also interpret the result contextually and 

classify the likelihood appropriately. This 

indicates a high ability level in all four aspects of 

mathematical modeling.  

The NK's answer to PISA questions is 

presented in Figure 3. 

 

NK’S answer (middle ability student) 

 
Figure 3. NK's answer to the question 

Based on the written response shown in 

Figure 3, NK was categorized as a student with 

moderate mathematical modeling ability. S/he 

identified relevant mathematical elements, such 

as even numbers on the spinner, and compared 

them with the number of black marbles 

(formulate). However, there is no attempt to 
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calculate exact probabilities, which suggests a 

partial use of mathematical models (employ). The 

conclusion was qualitatively correct, stating that 

the chance to win is low, which shows some 

ability to interpret the situation (interpret), but the 

justification remains verbal and lacks formal 

evaluation or confirmation (evaluate). 

Researcher : Can you explain how you 

worked on this problem? 

NK : I saw several even numbers 

on the spinner and only a 

few black marbles, so I 

thought the chance of 

winning was small. 

Researcher : Did you calculate the odds? 

NK : I did not calculate it 

precisely, but I just 

compared the numbers; 

there were more white 

marbles. 

Researcher : So you concluded that the 

chance of winning was 

small from that 

comparison? 

NK : Yes, the chance was slight 

because there were only 6 

black marbles. 

 

From the results of the researcher’s 

interview with NK, S/he was able to identify some 

key information from the problem and make 

qualitative comparisons. Although NK did not 

calculate exact probabilities, NK could interpret 

the situation and recognize that the number of 

black marbles was relatively low, which reduced 

the chance of winning. This shows a moderate 

level of ability in interpreting and evaluating, 

though the use of formal mathematical procedures 

was still lacking. 

The DA's answer to PISA questions is 

presented in Figure 4. 

 

DA’S answer (low ability student) 

 
Figure 4. DA's answer to the question 

Based on the student's written work in 

Figure 4, DA was categorized as having low 

mathematical modeling ability. S/he provided a 

very general and intuitive response without 

clearly identifying the known and asked 

information from the problem (formulation). The 

answer lacked any mathematical representation or 

calculations, showing no evidence of applying a 

mathematical model (employ). The reasoning 

indicates an attempt to interpret without sufficient 

depth or connection to the data (interpret). There 

is no evaluation of results (evaluate), indicating 

that the student did not fully engage with the 

modeling cycle. 

Researcher : How did you solve this 

problem? 

DA : I saw that the spinner had a 

lot of numbers and marbles, 

too, so maybe she could win. 

Researcher : Did you calculate Sue's 

chances of winning? 

DA : No, I saw that she could win 

because there were many 

numbers. 

Researcher : Does the number of marbles 

affect the chances of 

winning? 

DA : If there are only a few, it 

might be hard to win. 

 

The researcher's interview with Student 

DA revealed that DA had difficulty identifying 

important information in the problem. DA relied 

only on general impressions without analyzing the 

quantities or relationships given. S/he did not 

attempt to formulate a plan or use a mathematical 

model to solve the problem. This indicates a low 

level of ability in formulating and evaluating the 

situation mathematically.  
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Based on the findings of this study, 

indicators of students’ mathematical modeling 

ability emerged after the implementation of the 

PISA mathematics tasks. A more detailed 

explanation of the indicators identified in this 

study is presented below 

Formulate 

Based on the researchers' findings, the 

indicator of mathematical modeling skills that 

often appears is formulated, where it was found 

that students could identify important information 

from the problem and translate it into 

mathematical elements, such as identifying 

relevant quantities or determining what was being 

asked. This shows that students could understand 

the context of the problem and begin constructing 

an appropriate mathematical model. As stated by 

Novita & Hamimi (2024), formulating involves 

grasping the problem and transforming it into a 

mathematical form. However, several students 

were still limited to identifying only partial 

information and did not proceed to develop a 

complete plan to solve the problem 

mathematically. Similar findings were also 

reported by Bidasari (2017), who found that 

although students could recognize key elements, 

they often had difficulty organizing them into a 

coherent problem-solving structure. Sometimes, 

students rely on intuition rather than structuring 

the problem (Yosep, Kristanto, & Manoy, 2020). 

Employ 

Based on the researchers' findings, the 

indicator of mathematical modeling skills that 

sometimes appears is employed. Some students 

could apply appropriate mathematical procedures, 

such as calculating probabilities or combining 

numerical values according to their formulated 

model. This shows that they could operate within 

the mathematical structure they had built. As 

Suharyono & Rosnawati (2020) described, the 

employ stage involves working mathematically to 

process information and generate results. 

However, many students did not perform accurate 

calculations or skipped mathematical operations 

altogether, indicating limited engagement with 

this phase. According to Bryant et al. (2020), 

students often struggle to link their understanding 

of the context with appropriate mathematical 

operations. Additionally, Usodo et al. (2020) 

noted that although students may understand the 

problem, they frequently encounter obstacles in 

carrying out the correct calculations due to 

conceptual or procedural errors. 

Interpret 

Based on the researchers' findings, the 

indicator of mathematical modeling skills that 

often appears is interpretation, and it was found 

that students could connect the mathematical 

results to the context of the problem. Some 

students could conclude whether an event was 

likely or not based on their calculations or general 

observations. As explained by Krawitz, Chang, 

Yang, & Schukajlow, (2022), interpretation refers 

to making sense of the mathematical results in 

relation to the original real-world situation. In 

several cases, even when students did not show 

complete calculations, they could still provide 

reasonable qualitative interpretations based on the 

context. This aligns with the findings of Kolar & 

Hodnik (2021), who emphasized that students 

sometimes rely on contextual understanding 

rather than formal mathematics. However, some 

students were limited in depth and failed to fully 

justify their conclusions using mathematical 

evidence (Mejía-Ramos & Weber, 2020). 

Evaluate 

Based on the researchers' findings, the 

indicator of mathematical modeling skills that 

rarely appears is evaluation. While some students 

could check whether their answers made sense 

within the problem context, most did not reflect 

on the correctness or efficiency of their strategies 

(Utami, Zulkardi, & Putri, 2023). As Abassian, 

Safi, Bush, & Bostic, (2020) described, evaluation 

involves assessing the validity of the 

mathematical solution both mathematically and 

contextually. Students often did not revisit their 

answers to confirm whether the results were 

reasonable, and some assumed that once they 

obtained a numerical result, the problem was 

solved completely. Similar findings were 

highlighted by Rahmatika (2022), who reported 
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that students tend to overlook the process of 

reflection and justification. Moreover, according 

to Chamberlin, Payne, & Kettler, (2020), the 

evaluation phase is often skipped because 

students are not accustomed to reviewing or 

questioning their reasoning in mathematical 

modeling tasks. 

Based on the data analysis, students 

showed varied abilities in the mathematical 

modeling stages: formulating, employing, 

interpreting, and evaluating. The highest average 

was employment (50.2%), indicating students 

could apply mathematical procedures well 

(Susanta, Koto, & Susanto, 2023; Zulkardi et al., 

2020). The formulate indicator averaged 45.3%, 

showing some ability to identify relevant 

information, though difficulties remained. The 

lowest scores were in interpretation (33.7%) and 

evaluation (28.5%), showing that students 

struggle to relate results to real contexts and 

assess solution accuracy (Kusmaryono & 

Kusumaningsih, 2023). This suggests a need for a 

stronger focus on reflective problem-solving in 

teaching. Interviews suggested some students 

mentally planned and reflected on strategies but 

rarely documented these steps in writing. 

Students' mathematical modeling skills in solving 

PISA on uncertainty and data content can be 

classified as moderate. However, this 

classification reflects varied levels of proficiency 

across different modeling indicators. In particular, 

students performed stronger in formulating and 

employing mathematical concepts, while 

interpreting and evaluating remained weaker. 

This suggests the need for targeted instructional 

strategies to support and strengthen these specific 

aspects of mathematical modeling. 

IV. Conclusion 

The mathematical modeling ability of 

junior high school students in solving PISA 

mathematics problems on uncertainty and data 

content is classified as moderate. The most 

frequently appearing indicator is employment, 

which indicates that students can apply 

mathematical procedures effectively. The 

formulate indicator shows that students still have 

difficulty in formulating problems completely. 

Meanwhile, the interpret and evaluate indicators 

appear the least, indicating that students are still 

weak in interpreting the results of their 

calculations in context and in evaluating the 

accuracy or fairness of their answers. Some 

students can plan and reflect on their strategies 

mentally but rarely express them explicitly in 

writing. Thus, although students have begun to 

engage in the mathematical modeling process, 

they still need support to strengthen their 

interpretation, evaluation, and written reasoning 

skills. 
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