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Mathematical critical thinking remains an essential yet underdeveloped 

competency in 21st-century mathematics learning, particularly when 

instruction lacks meaningful cultural context. At SMP Pembangunan 

Piyungan, number-topic instruction predominantly emphasizes 

procedural over contextual and reflective thinking, signaling an urgent 

need for culturally-grounded, innovative learning media. This study 

examines the improvement trend in seventh-grade students' 

mathematical critical thinking ability through E-Worksheets integrating 

Ethno-Modeling—connecting mathematical concepts with Piyungan's 

local cultural context—and the Tri-N approach (Niteni, Nirokke, 

Nambahi), which systematically guides students through observing, 

imitating, and developing ideas. Employing a time-series design, data 

were collected via mathematical critical thinking tests administered at 

each intervention meeting and analyzed quantitatively by tracking 

average score trends over time. Results demonstrate a consistent upward 

trend, with average scores rising from 89.09 at the first meeting to 96.18 

at the seventh—indicating that E-Worksheets grounded in local cultural 

contexts and structured Tri-N learning stages effectively foster students' 

mathematical critical thinking development. These findings position 

Ethno-Modeling-based E-Worksheets integrated with Tri-N as a 

promising alternative medium for meaningful and culturally responsive 

mathematics learning. 

 

 

Keywords 

 

E-Worksheet; 

Etno-Modelling; 

Mathematical 

Critical Thinking 

Skill; 

Tri-N. 

This is an open access article under the terms of  

the Creative Commons Attribution-ShareAlike 4.0 International License 

 

How to Cite: 

Handayani, H., Widodo, S. A., Taufiq, I., Hidayat, W., & Arifin, U. (2026). E-

Worksheets Based on Ethno-Modeling and Tri-N to Improve Mathematical 

Critical Thinking Skills of Grade VII Students. Journal of Instructional 

Mathematics, 7(1), 52-66. 

 

 

INTRODUCTION 
The development of 21st-century education demands that mathematics learning be 

oriented not only toward mastery of procedures but also toward developing 

students' critical mathematical thinking skills (Szabo, et al., 2020; Whitney-Smith, 
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et al., 2022). However, in practice, mathematics learning has not fully reflected 

these demands. This can be seen in that Mathematics, as a science that deals with 

abstract concepts, is structured hierarchically, and requires deductive reasoning, is 

often learned mechanically, so students tend to memorize steps to solve problems 

without understanding the underlying concepts (Ernie et al., 2023; Widodo, Irfan, 

et al., 2025). As a result, students experience difficulties when faced with non-

routine and contextual problems that require higher-level reasoning (Sujadi et al., 

2025; Widodo, Hidayat et al., 2025). This condition indicates that mathematics 

learning has not fully developed the ability to think deeply, systematically, and in 

accordance with curriculum requirements (Jamil et al., 2024; Sachdeva & Eggen, 

2021), so the critical mathematical thinking skills of students in Indonesia are still 

relatively low. 

Critical thinking skills are an essential competency in 21st century learning and 

are part of the 4C skills: critical thinking, communication, collaboration, and 

creativity (Elvianasti et al., 2024; Sulistyowati et al., 2022; Tohani & Aulia, 2022). 

In mathematics learning, this ability plays a crucial role in helping students 

understand concepts deeply, connect mathematical ideas, analyze problems, and 

make logical decisions (Jamil er al., 2024). Other research also confirms that critical 

and creative thinking skills are important aspects that must be developed in 

mathematics learning (Sosa-Gutierrez et al., 2023; Sachdeva & Eggen, 2021). 

Therefore, developing critical mathematical thinking skills is an important aspect 

to improve the quality of learning and student learning outcomes. 

Students' low mathematical critical thinking skills are also reflected in 

international assessment results. TIMSS results show that Indonesian students' 

mathematics scores remain below the international average. In TIMSS 2015, 

Indonesia scored 397, while in TIMSS 2023, Indonesian students' mathematics 

scores remained in the 390’s and remained below the international average (Afgani 

& Paradesa, 2021; Kusmaryono & Kusumaningsih, 2023; OECD, 2016, 2023). This 

trend strengthens the indication that students’ mathematical competencies have not 

yet developed optimally, particularly in aspects that require deeper conceptual 

understanding and higher-order reasoning. Besides that, these results indicate that 

most students still experience difficulties in understanding basic mathematical 

concepts and solving contextual problems that require critical thinking skills. 

One way to address this issue is through the use of digital learning media in the 

form of e-worksheets (Sujatmika et al., 2019; Suroyaningsih et al., 2024; Widodo 

et al., 2023). E-worksheets allow for interactive presentation of material through 

text, images, videos, and simple simulations, thereby increasing student 

engagement and understanding. However, in practice, the use of e-worksheets in 

schools generally focuses on the digitalization of the media and does not optimally 

integrate local cultural contexts or the stages of students' thinking processes. 

The Ethno-Modeling approach offers a contextual foundation for mathematics 

learning by connecting mathematical concepts to local cultural practices familiar to 

students, allowing abstract ideas to emerge from meaningful real-life experiences 

(Hidayat et al., 2025). Complementarily, the Tri-N concept—Niteni (observing), 

Nirokke (imitating), and Nambahi (developing)—provides structured cognitive 

stages that guide students from contextual exploration to formal mathematical 

reasoning (Latifah et al., 2024; Suroyaningsih et al., 2024; Widodo et al., 2024; 

Wijayanti et al., 2021). While Ethno-Modeling supplies contextual substance, Tri-



 

54 Handayani et al. 

 

N organizes the thinking process required for abstraction, generalization, and 

critical analysis. Within this study, both are integrated as a unified pedagogical 

pathway for constructing mathematical understanding: Ethno-Modeling functions 

as the contextual entry point through cultural activities and problem situations, 

which are then systematically processed through the Tri-N stages. Niteni directs 

students to observe patterns and relationships embedded in cultural practices 

(Latifah et al., 2024; Suroyaningsih et al., 2024); Nirokke enables them to 

reconstruct these ideas into mathematical representations (Suroyaningsih et al., 

2024; Widodo et al., 2024); and Nambahi encourages refinement, generalization, 

and extension into more formal reasoning (Widodo et al., 2024; Wijayanti et al., 

2021). Through this sequence, cultural knowledge is transformed into structured 

mathematical concepts, positioning students as active constructors of knowledge 

and establishing a coherent conceptual bridge between contextual experience, 

cognitive processing, and formal mathematical abstraction. 

Several previous studies have shown that the use of e-worksheets is effective in 

increasing student engagement and understanding. Puspita & Dewi (2021) found 

that e-worksheet based on a mathematical investigation approach positively 

influenced critical thinking skills. Furthermore, the use of e-LKPD has also been 

shown to improve students' mathematical literacy (Mulyasari, 2022; Sari et al., 

2023; Purnama & Suparman, 2020). While the Tri-N approach has been shown to 

increase student engagement and critical and creative thinking skills, most of this 

research has examined each approach separately. 

Based on the description, there is a research gap related to the integration of E-

Worksheet, Ethno-Modeling, and Tri-N in one mathematics learning tool, 

especially on number material at the junior high school level. Therefore, this study 

aims to examine the trend of improvement using E-Worksheet based on Ethno-

Modeling and Tri-N in improving the mathematical critical thinking skills of 

seventh grade students of Junior High School Pembangunan in Piyungan. 

 

 

RESEARCH METHODS 
This research uses a quantitative approach with a single-phase time series 

experiment. Quantitative methods focus on collecting and analyzing numerical data 

or measuring a variable (Afif et al., 2023; Sofwatillah et al., 2024). This study was 

designed and implemented in accordance with time series research standards, 

characterized by sequential data collection at multiple time points to observe 

patterns of change, trends, and the consistency of treatment effects (Wang et al., 

2024; Wauchope et al., 2021). Each measurement stage was conducted 

systematically with the same instrument (Pandiangan & Albina, 2025; Saputra, 

2025), allowing for comparative analysis across time and ensuring the validity of 

interpretations of the dynamics of the research results (Rachmad et al., 2024). 

Subject selection was conducted using a purposive sampling technique by 

considering the homogeneity of student characteristics (Obilor, 2023). The criteria 

used in determining the subjects included relatively similar initial abilities, 

comparable prior achievement levels, and a consistent background in mathematics 

learning. This approach was intended to ensure that the participants represented a 

group with equivalent academic readiness, thereby reducing variability that could 

potentially influence the research results. The total number of subjects involved in 
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this study was 29 students who met the predetermined criteria. Their selection was 

based on their relevance to the objectives of the study and their suitability for 

observing changes over the course of the intervention. By involving students with 

relatively uniform characteristics, the study aimed to obtain more accurate and 

reliable data regarding the implementation and impact of the learning intervention 

being examined. 

 

 
Figure 1. Time Series Research Design 

 

The research design used was a single-phase time series design, specifically the 

intervention phase (Beard et al., 2025; Darby et al., 2023). In this design, student 

scores were measured repeatedly seven times during the intervention process (See 

Figure 1). These repeated measurements aimed to observe changes in student scores 

over time as a result of the intervention (Bedard et al., 2018; von Ende, 2020). Based 

on the measurement results, student scores showed a pattern of change during the 

intervention phase, reflecting a response to the treatment implemented. 

 

Subject of Research  

The research participants were chosen through a purposive sampling method, which 

is the selection of subjects adjusted to the characteristics and objectives of the 

research as well as the researcher's considerations, while still observing the research 

code of ethics (Campbell et al., 2020; Dahal et al., 2024). The subjects of this study 

were 29 seventh-grade students of SMP Pembangunan Piyungan in the odd 

semester of the 2025/2026 academic year. The selection of subjects was carried out 

by considering that these students were studying the material of numbers and 

arithmetic operations of real numbers and had learning needs that were in line with 

the research objectives. This research is directed at improving mathematical critical 

thinking skills through the use of E-Worksheets based on Ethno-Modeling with the 

Tri-N approach. Thus, the selection of subjects is in line with the research objective, 

which is to examine the improvement of students' mathematical critical thinking 

skills in the material of numbers and arithmetic operations of numbers. 

 

Data Collection 

Data collection in this study was conducted through interviews, observations, and 

tests. Interviews were used to obtain initial information regarding the learning 

conditions and characteristics of the research subjects. Meanwhile observations 

were conducted systematically during each learning session to document student 

engagement during the implementation of Ethno-Modeling and Tri-N-based E-

Worksheets. The primary instrument for measuring students' critical mathematical 
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thinking skills was a written test administered repeatedly over seven sessions during 

the intervention phase. Test items were developed based on key indicators of critical 

mathematical thinking, including the ability to analyze algorithms, identify and 

justify concepts, and generalize (Harti & Agoestanto, 2019; Korkmaz, 2012; 

Setiana et al., 2021). The repeated testing generated time series data that was 

analyzed chronologically to examine trends, stability, and the level of improvement 

in students' critical mathematical thinking skills during the intervention. 

 

Data Analysis 

After the researcher collected all the required data, the next stage was to conduct 

data analysis. Data calculations were assisted by using Microsoft Excel, while the 

presentation of tables and figures was compiled manually. This study applied 

analysis in conditions, namely analysis conducted in the intervention phase. The 

elements used in the condition analysis consist of: (1) the duration of the condition; 

(2) the direction of the trend; (3) the level of stability, determined by calculating the 

proportion of data points that fall within ±50% of the mean; (4) the rate of change, 

obtained by identifying the difference between the initial and final data points; (5) 

the data path or trace; and (6) the range, defined as the distance between the first 

and last data points, which is calculated based on the highest score in the condition 

using a stability criterion of 0.15 (Freeman & Eagle, 2011; Gast & Ledford, 2010; 

Widodo et al., 2021). 

 

 

RESEARCH RESULTS 
The results of the measurement of students’ mathematical critical thinking skills on 

number topics during the intervention phase showed scores ranging from 89 to 96. 

The assessment of mathematical critical thinking skills was based on indicators 

including the ability to analyze algorithms, identify and justify concepts, and 

generalize. This phase involved mathematics learning using e-worksheets as the 

primary learning medium. Repeated measurements were conducted to monitor 

changes in students’ abilities over time, as presented in Table 1. 

 

Table 1. Mathematical Critical Thinking Skill Score 

Session Score Average 

1 980 89.09 

2 1004 91.27 

3 1015 92.27 

4 1020 92.73 

5 1036 94.18 

6 1048 95.27 

7 1058 96.18 

 

Based on Table 1, the score represents critical mathematical thinking skills, not 

just answer accuracy, because the assessment process focuses on the quality of 

reasoning demonstrated by students during problem-solving. Assessment focuses 

not only on the correctness of the final result, but also on students' ability to analyze 

algorithms, identify and justify the concepts used, and generalize based on 

mathematical patterns or relationships (Harti & Agoestanto, 2019; Korkmaz, 2012; 
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Setiana et al., 2021). The instrument used comprehensively assesses students' 

thinking processes, including clarity of solution steps, accuracy of concept use, 

strength of argument, and ability to draw logical conclusions. Therefore, students 

still receive a score when they demonstrate a rational and structured thinking 

process, even if the final answer is not entirely correct. Furthermore, the use of e-

worksheets as a learning medium is designed to encourage exploration of strategies, 

explanation of reasons, and reflection on the solution process. Therefore, the 

increase in scores in each session reflects the development of mathematical 

reasoning and higher-order thinking skills, not just the accuracy of calculations. 

Furthermore, based on Table 1, it can be seen that the accumulation of students' 

critical thinking ability scores during the implementation of learning in the 

intervention phase shows a consistent upward trend. At the first meeting, the total 

score obtained was 980 with an average value of 89.09. Furthermore, at the second 

to fourth meetings, there was a gradual increase in the total score from 1004 to 

1020, accompanied by an increase in the average score from 91.27 to 92.73. A more 

significant increase was seen at the fifth and sixth meetings, with the total score 

increasing from 1036 to 1048 and the average score increasing from 94.18 to 95.27. 

At the seventh meeting, the score increased again to 1058 with an average value of 

96.18. The data in Table 1 shows that students' critical thinking ability experienced 

an increase during the intervention phase and can then be presented in graphical 

form as shown in Figure 2. 

 

 
Figure 2. Trend of critical thinking ability score  

 

Analysis in Condition 

The duration of the condition indicates the number of sessions in each research 

condition. In this study, there was only one condition, namely the intervention 

phase, which was implemented in seven measurement sessions. This intervention 

phase aimed to observe the development of students' abilities in mathematical 

critical thinking through mathematics learning using E-Worksheet. Directional 

trend estimation was used to determine the tendency of student ability development 

from session to session in one research condition (Blankenship et al., 2019; van 

Norman & Nelson, 2019; van Norman & Ysseldyke, 2020). The results of the 

analysis showed an increasing trend at the beginning of the intervention phase, 

which then developed into a horizontal trend, indicating the stabilization of 

students' ability to recognize numbers after several learning sessions using E-

Worksheet in Figure 3. 
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Figure 3. Estimated Trend Direction 

 

To examine the pattern of improvement more systematically, a condition 

analysis was conducted including duration, trend direction, stability level, mean 

level, and rate of change. 

 

Table 2. Summary of Condition Analysis in the Intervention Phase 

Component Result Interpretation 

Trend Direction  

 

  

Increasing score pattern 

Stability Level 100% All data within 15% 

stability criterion 

Mean Level 93 High average 

performance 

Rate of Change 96.18 - 89.09 =7.09 (+) Gradual improvement 

 

The analysis shows a positive trend direction across sessions. Stability analysis 

using the 15% criterion indicates that all data points fall within the stability range, 

resulting in 100% stability, which suggests a consistent and controlled improvement 

pattern. The rate of change between the first and final sessions was +7.09, reflecting 

a steady increase in students’ mathematical critical thinking scores during the 

intervention. Overall, the time series data demonstrate a gradual, stable, and 

positively directed improvement trend in students’ mathematical critical thinking 

skills throughout the implementation of the Ethno-Modeling and Tri-N-based E-

Worksheet. 

 

 

DISCUSSION 
The results of the study indicate that the use of E-Worksheets based on Ethno-

Modeling and the Tri-N approach is Trend of Improvement the mathematical 

critical thinking skills of seventh-grade students at SMP Pembangunan Piyungan. 

This is evident from the tendency for an increase in the average score of students' 

mathematical critical thinking skills at each meeting during the intervention phase. 

At the first meeting, the average score was 89.09 and gradually increased to 96.18 

at the seventh meeting. This increasing trend indicates that the implementation of 

E-Worksheets integrated with the local cultural context and the Tri-N learning 

+ 
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stages can have a positive impact on the development of students' mathematical 

critical thinking skills. 

Based on a time series research design, measurements were taken repeatedly on 

the same subjects to observe changes in mathematical critical thinking skills over 

time. The research data showed that the average score increased consistently at each 

meeting. This indicates that the applied learning had a sustainable impact, not just 

a temporary improvement. The increase in scores from meeting to meeting indicates 

that students were increasingly accustomed to a learning pattern that requires active 

engagement, reasoning, and the ability to analyze mathematical problems in greater 

depth. 

The improvement of students' critical mathematical thinking skills is 

inseparable from the characteristics of the Ethno-Modeling-based E-Worksheet 

used. The presentation of mathematical problems linked to local culture makes the 

concepts of numbers and real number arithmetic operations more contextual and 

closer to students' lives (Andrian et al., 2020; Acharya et al., 2021; Yanti, 2025). 

This condition helps students understand concepts more meaningfully, so they are 

not only memorizing solution procedures but also able to analyze and evaluate the 

problems given (Al-Mutawah et al., 2019; Nilmaa, 2023). This is in line with the 

view that contextual mathematics learning can improve students' conceptual 

understanding and higher-order thinking skills (Abdullah et al., 2025; Arnellis et 

al., 2021; Ismail et al., 2018). 

In addition, the implementation of the Tri-N approach, which includes Niteni 

(observing), Nirokke (imitating), and Nambahi (developing), also plays a role in 

improving students' critical mathematical thinking skills (Latifah et al., 2024; 

Suroyaningsih et al., 2024; Widodo et al., 2024; Wijayanti et al., 2021). In the Niteni 

stage, students are directed to observe contextual problems presented in the E-

worksheet, so they are able to identify important information and understand the 

problem situation (Latifah et al., 2024; Suroyaningsih et al., 2024). The Nirokke 

stage helps students understand the steps for solving problems through examples 

presented systematically (Suroyaningsih et al., 2024; Widodo et al., 2024). 

Furthermore, in the Nambahi stage, students are given the opportunity to develop 

their own problem-solving strategies, thus encouraging students to think critically, 

creatively, and independently in solving mathematical problems (Widodo et al., 

2024; Wijayanti et al., 2021). 

The relatively stable pattern of average grade increase from meeting to meeting 

indicates that students are able to adapt to the applied learning model. Although the 

increase in some meetings was not significant, the overall data trend remains 

positive. The increase in mathematical critical thinking ability scores in the subjects 

did not appear to be a significant jump because this ability develops gradually 

through practice, reflection, and habituation, rather than instantaneously (Jablonka, 

2020; Dolapcioglu & Doganay, 2022). The learning intervention using e-

worksheets emphasized the processes of analysis, justification, and generalization 

(Hasnunidah et al., 2022; 2025), so the impact appeared in the form of steady 

improvement from session to session, rather than drastic changes in a short period 

of time. Furthermore, students' initial scores, which were already in the relatively 

high category, indicated that they already had a sufficient foundation of abilities, 

thus limiting the scope for improvement. Students' adaptation to the use of media 

and the demands of reflective thinking also took time, contributing to the slow 
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increase in scores. On the other hand, assessments that focused on the quality of 

reasoning, rather than simply the accuracy of the final answer, meant that 

improvement only occurred when conceptual understanding and argumentation 

skills truly developed. Therefore, the moderate pattern of improvement actually 

reflects a consistent and ongoing process of strengthening critical thinking skill. 

This indicates that the Ethno-Modeling and Tri-N-based E-Worksheet not only 

improves learning outcomes quantitatively but also shapes students' thinking 

processes in a gradual and sustainable manner. 

The findings of this study are in line with the results of previous studies which 

stated that the use of digital learning media, such as E-Worksheets, can improve 

students' activeness, conceptual understanding, and mathematical critical thinking 

skills (Agustin et al., 2024; Sari et al., 2024). In addition, the integration of local 

cultural contexts in mathematics learning has been proven to be able to help 

students relate mathematical concepts to real life (Andrian et al., 2020; Acharya et 

al., 2021; Widdiharto et al., 2025; Yanti, 2025), so that learning becomes more 

meaningful. The difference between this study and previous studies lies in the 

application of E-Worksheets based on Ethno-Modeling and the Tri-N approach 

which are combined in an integrated manner in one learning design with a time 

series approach, so that changes in students' mathematical critical thinking skills 

can be observed continuously (Hidayat et al., 2025). 

Thus, the results of this study indicate that the use of E-Worksheets based on 

Ethno-Modeling and Tri-N is trend of improvement as an alternative mathematics 

learning media to improve the mathematical critical thinking skills of seventh-grade 

students at SMP Pembangunan Piyungan especially on number material. This 

finding provides implications that mathematics teachers can utilize contextual 

digital learning media that are oriented towards students' thinking processes to 

support more meaningful mathematics learning and are in accordance with the 

demands of 21st-century learning. 

This study has several limitations that should be considered when interpreting 

the findings. First, the single-phase time series design, without a baseline phase or 

control group, limits the study's ability to demonstrate a causal relationship between 

the intervention and improvements in students' mathematical critical thinking skills. 

The results are more appropriately interpreted as a trend of improvement rather than 

conclusive evidence of effectiveness. Second, the relatively limited number of 

study subjects, drawn from a single educational institution, requires caution in 

generalizing the findings to a broader population. Third, the study's focus solely on 

numbers and arithmetic operations limits the scope of the results, making it 

impossible to ensure the consistency of the findings across other mathematics topics 

with different characteristics. 

In addition to these limitations, this study also has several methodological 

weaknesses. The measurement of mathematical critical thinking skills was 

primarily based on written tests, thus failing to fully capture the dynamics of 

students' thinking processes in depth, as cognitive interviews or direct analysis of 

problem-solving processes might. Variations in individual student characteristics, 

such as learning motivation, readiness to use digital media, and prior learning 

experiences, also have the potential to influence the study results, but have not been 

comprehensively analyzed. Furthermore, the relatively short duration of the 

intervention means that the observed improvements may not represent long-term 
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changes in ability. Therefore, future research is recommended to use a more robust 

experimental design, involve a more diverse sample, extend the duration of the 

intervention, and combine quantitative and qualitative approaches to obtain a more 

comprehensive picture of the development of students' mathematical critical 

thinking skills. 

 

 

CONCLUSION 
The results of the study indicate a trend of improvement in the critical thinking 

skills of seventh-grade students in mathematics through the use of Ethno-Modeling-

based E-Worksheets with the Tri-N approach on number topics at SMP 

Pembangunan Piyungan. This is indicated by a tendency to increase the average 

value of students' mathematical critical thinking skills gradually at each meeting 

during the intervention phase. Through a time series research design, changes in 

students' mathematical critical thinking skills can be observed continuously, which 

shows a positive and consistent influence of the application of the E-Worksheet. 

The integration of Ethno-Modeling and the Tri-N stages helps students understand 

concepts contextually and systematically, so that learning becomes more 

meaningful and oriented towards the development of higher-order thinking skills. 

However, given that this study employed a single-phase time series design without 

the inclusion of a baseline phase or comparison group, the findings should be 

interpreted with caution. Accordingly, the results are more appropriately 

understood as indicating a trend of improvement in students’ critical thinking skills 

rather than providing conclusive evidence of causal effectiveness. Future research 

is recommended to use more rigorous experimental designs with larger samples to 

further strengthen the empirical evidence of this approach. 
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