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Abstract 

This research aims to develop STEM-based mathematics teaching materials in the 
Challenge-Based Learning model to enhance students' critical thinking. This research 
used the Research and Development method with the 4D model, but up to the 
development stage. The research was conducted at SMP Negeri 3 Karanganyar. The 
data collection techniques used were interviews, tests, and questionnaires. The purpose 
of this research is to produce a product that meets the feasibility, readability, 
effectiveness, and positive student response. The results showed that the average 
percentage of feasibility of the mathematics teaching materials developed was 
91.34% which is very feasible. The results of the readability test, obtained 𝑄𝑄 = 6.0967, 
show teaching materials that are easy for students to understand. The mathematics 
teaching materials developed are effective in improving students' critical thinking 
skills because they meet the five research hypotheses. The average score of students' 
responses to the developed teaching materials is a very good criterion. Based on the 
results of the research, STEM-nuanced mathematics teaching material products were 
obtained to improve critical thinking in 94% the Challenge-Based Learning model, 
which is feasible, easy to understand, effective in improving students' critical thinking 
skills, and received a very good response. Similar research can be done by applying 
learning styles in depth and maximizing the use of Padlet media to be active in 
discussions to hone analysis and inference skills. 

© 2025 Published by Mathematics Department, Universitas Negeri Semarang 

1.  Introduction 

Advances in science and technology require students to master skills relevant to the 21st century. Critical 
thinking skills are one of the skills that students must master in the 21st century. Students are required to 
master soft skills, which are referred to as the 4Cs (communication, collaboration, critical thinking and 
problem solving, dan creativity and innovation) (Makhrus et al., 2018), where critical thinking plays an 
important role in life as stated in the mathematics curriculum standards, namely that students should be 
equipped with logical, analytical, systematic, critical, and creative thinking skills as well as cooperation 
skills (Depdiknas, 2006). In addition, the importance of critical thinking skills in students is necessary in 
the process of analyzing and comparing information to build an argument and is a learning requirement to 
face challenges and problems in learning, which emphasizes the development of a broader learning 
experience. Critical thinking is closely related to the learning process to prepare students to solve problems. 
With the critical thinking skills they possess, students are able to solve the problems they face, thereby 
minimizing errors when solving problems and achieving solutions with accurate conclusions (Juhji & 
Suardi, 2018).   

Critical thinking skills are essential for students to understand the concepts of learning materials that 
will become their future knowledge. According to Agnafia (2019), critical thinking skills in facing 
challenges are one of the things that need to be prepared in an effort to develop quality human resources. 
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Therefore, critical thinking must be developed because the level of critical thinking skills affects the quality 
of competitive graduates. The critical thinking skills of Indonesian students are relatively low. This can be 
proven by the 2022 PISA results. PISA is a survey conducted every three years on 15-year-old students 
worldwide to assess how much knowledge and skills students have acquired. The 2018 PISA results for 
Indonesia, initiated by the Organisation for Economic Co-operation and Development (OECD), ranked 
73rd out of 79 countries with an average score of 386, compared to the OECD average of 489 (Hewi & 
Saleh, 2020). Meanwhile, Indonesia's 2022 PISA results, according to the OECD, ranked 69th out of 80 
countries. However, despite the increase in ranking, Indonesia's average score actually decreased to 366. 
According to the OECD's analysis of the 2022 PISA survey results, there are eight levels reflecting students' 
mathematical abilities: levels 1c, 1b, 1a, 2, 3, 4, 5, and 6 (OECD, 2022:24). At levels 4 and 6, which focus 
on critical thinking skills, 0.5% of Indonesian students are at Level 4 and 0.0% are at Level 6 (OECD, 
2022:92). This is in line with the results of a preliminary study conducted by researchers at SMP Negeri 3 
Karanganyar, which involved giving students one critical thinking question that covered the skills of 
interpretation, analysis, evaluation, conclusion, and explanation. The preliminary study showed that most 
students were unable to solve problems using the above skills. Based on the results of the preliminary study, 
the average score was 42.34 It appears that students' critical thinking skills are still low. The following are 
preliminary study questions presented in Figure 1.  

 
Figure 1. Critical Thinking Questions Preliminary Study 

 

 
Figure 2. Answers to Critical Thinking Questions Preliminary Study 

Based on the questions, there were students who answered the evaluation incorrectly. In Figure 2, 
students answered using the correct strategy by multiplying the discounted price of each unit by two, but 
they made a mistake in their calculations. This resulted in the students' opinions and reasons being 
inaccurate. The students answered that Arya could buy an iron, but the remaining money should not be 
enough to buy an iron. This indicates that the students' critical thinking skills still need to be developed 

Based on interviews conducted on November 12, 2024 with teachers and stated that the learning 
resources used have not focused on critical thinking, learning using teaching materials from publishers has 
not met the needs of students, this has caused low critical thinking. In addition, this was supported by the 
low average percentage of preliminary studies, which showed that these learning resources were not being 
used optimally in mathematics learning. Teachers often face difficulties in selecting and determining the 
teaching materials used in learning. One of the challenges in the Indonesian education system relates to the 
availability of reading materials and students' reading interests. Teaching materials that do not meet the 
criteria will result in various problems in learning. Learning resources are used by students as a guide and 
reference for learning. According to Nurhikmayati & Gilar Jatisunda (2019) Critical thinking can be 

Agree because he still has money 
left 176.000 and can buy 1 unit of 
iron and the rest 80.000. 
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developed by providing students with thinking exercises, where critical thinking exercises can be obtained 
by students through teaching materials that facilitate the development of critical thinking skills. Teaching 
materials become a supporting tool for the learning process that can have an impact on the development of 
critical thinking in students (Syehab et al ., 2023). 

Based on interviews with teachers and students, learning has not yet integrated aspects of science, 
technology, engineering, and mathematics. Learning occasionally integrates aspects of science, with 
problems that are easily found in the surrounding environment. The lack of STEM integration in 
mathematics learning is one of the factors contributing to low critical thinking skills among students. With 
science, technology, engineering, and mathematics education, student engagement in building arguments 
is an aspect that needs to be explored. The problems provided aim to encourage students to think deeply 
about solving current issues. Based on this, the development of integrated STEM teaching materials has an 
impact on critical thinking skills (Hidayati & Priyanto, 2023), it is hoped that this will help integrate the 
aspects of science, technology, engineering, and mathematics.  

The model used in schools is PBL, but the application of PBL syntaxes has not been maximized. 
Students express boredom with monotonous learning, lack of group discussions, and insufficient 
challenges. Therefore, the researcher employs the Challenge-Based Learning (CBL) model, a new learning 
model that combines problem-based learning, project-based learning, and contextual learning, focusing on 
solving or addressing issues that arise in daily life. CBL is capable of enhancing students' critical thinking 
skills, encouraging active participation in learning activities, and solving problems through higher-order 
thinking processes, also known as critical thinking. It is hoped that this approach will help integrate aspects 
of science, technology, engineering, and mathematics (Nawawi, 2016), challenge-based learning that 
encourages students to develop critical thinking skills in problem solving, beginning with issues and 
problems that arise in everyday life, as well as projects that must be completed and discussed together, will 
encourage students to reason and think critically in solving problems and draw conclusions (Johnson et al., 
2009).  

Mathematics learning has not yet implemented Information and Communication Technology (ICT), and 
students say they are more interested in learning with learning media. The application of ICT is one of the 
innovations in mathematics learning media that can help students and keep up with technological 
developments in the world of education. The application of ICT in the development of mathematics 
teaching materials is the Padlet application, which is a web-based media application that contains 
multimedia panels that provide services with many ideas such as images, music, recordings, or connections 
(Aneros & Herniwati, 2020). Padlet is a learning tool that serves to share information and ideas among 
students in various formats, including text, images, videos, recordings, and links, displayed on a virtual 
wall or board that can be used interactively during synchronous or asynchronous learning. Padlet facilitates 
collaboration among students in the classroom, offering features for group discussions, information sharing, 
and presenting perspectives on an issue to the forum.  

Research related and similar to this study is research that examines the potential of the Challenge Based 
Learning model in empowering critical thinking skills (Nawawi, 2016). Next research Ash-Showy et al 
(2022) examining the development of integrated comparative teaching materials for Challenge Based 
Learning using a STEM approach to critical thinking skills. Related research on the application of the 
STEM approach to improve students' critical thinking skills. Further research (Ritonga & Zulkarnaini, 
2021). Based on this research, what distinguishes it from this study is the integration of Challenge Based 
Learning and the use of Padlet media in teaching materials to improve students' critical thinking skills. 
Furthermore, research related to the development of statistics teaching materials containing STEM-oriented 
numeracy literacy questions to improve students' critical thinking skills in PBL (Musyafak & Agoestanto, 
2022). A literature study examines the effect of multimedia-assisted problem-based learning (PBL) using 
Padlet on students' critical thinking skills (Rahmawati & Rahmawati, 2024).  

Based on the description above, this study carry out the development of mathematics teaching materials 
with Science, Technology, Engineering, and Mathematics (STEM) nuances to improve critical thinking in 
the Challenge Based Learning model for students on the material of linear equations of one variable in class 
VII. ICT innovation in the research to be carried out is the use of Padlet learning applications in teaching 
materials and the combination of CBL, STEM learning models into a developed teaching material. The 
purpose of this research is to produce a product that meets the feasibility, readability, effectiveness test, and 
positive student response. The development of mathematics teaching materials with STEM nuances is 
expected to be able to improve students' critical thinking skills by presenting meaningful, challenging, and 
contextualized learning through active involvement in real problem solving. This is supported by Nichols 
et al (2016) which states that the Challenge Based Learning model is effective in developing higher order 
thinking skills because it places learners as problem solvers in real-world challenges.  
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2.  Methods 

This research was an R&D (Research and Development) model focused on product creation and testing 
product effectiveness. The development model used in this research was the 4D model developed by 
Thiagarajan et al in 1946 (Thiagarajan et al., 1946). This study will only be conducted up to the 
development stage. The R&D research designed in this study consists of three stages, namely the definition 
stage, the design stage, and the development stage. The desiminate stage was not carried out due to limited 
research time. The research design used in this study was a pretest-posttest control group design, which 
refers to Sugiyono's design (2017).  

The data collection techniques used in this development study included interviews, questionnaires, and 
tests. Interviews were conducted to obtain data on the problems and analysis of the mathematics learning 
system at SMP Negeri 3 Karanganyar through two mathematics teachers and several students as informants. 
The questionnaires used in the study were a feasibility test questionnaire (to obtain suitable teaching 
materials), a readability test questionnaire (to obtain teaching materials that are easy to understand), and a 
student response questionnaire (to obtain teaching materials with positive responses). The tests 
administered were pre-tests and post-tests to measure students' critical thinking skills. The research 
questions are as follows: (1) What is the level of suitability of STEM-based mathematics teaching materials 
for improving critical thinking in the Challenge Based Learning model for students? (2) What is the level 
of readability of STEM-based mathematics teaching materials for improving critical thinking in the 
Challenge Based Learning model for students? (3) How effective are STEM-based mathematics teaching 
materials in enhancing critical thinking in the Challenge-Based Learning model for students? and (4) What 
is the students' response to STEM-based mathematics teaching materials in enhancing critical thinking in 
the Challenge-Based Learning model for students? 

The data analysis techniques used in this study were descriptive qualitative and quantitative techniques. 
Qualitative data analysis was derived from interviews with teachers and students, which were used as a 
reference in the process of developing teaching materials tailored to students' needs. Quantitative data 
analysis was used to analyze data from the assessment of teaching material suitability and student response 
evaluation. Scores were based on a Likert scale with assessment criteria of 1 (Unsuitable), 2 (Sufficiently 
Suitable), 3 (Suitable), and 4 (Very Suitable) (Sugiyono, 2022). The scoring calculation guidelines used the 
formula according to Asrul et al (2014).   

The analysis of teaching materials refers to the achievement of content feasibility, presentation 
feasibility, linguistic aspects, and product innovation as mentioned by BNSP (2006). The assessment of 
teaching materials and other instruments such as modules, ATP, and critical thinking tests was conducted 
by two mathematics education lecturers from UNNES as experts and two mathematics teachers from SMP 
Negeri 3 Karanganyar as practitioners. The results of the assessment were represented based on the 
categories mentioned by Ardiansyah & Pratama (2021) as presented in Table 2.1. Based on these categories, 
the developed product is considered feasible if it obtains a minimum percentage of 85%. If it does not reach 
this percentage, improvements and reassessment by experts and practitioners are required. 

Table 1. Criteria for the Suitability of Mathematics Teaching Materials 
Score Percentage Eligibility Criteria 
1% ≤ 𝑃𝑃 ≤ 50% Unsuitable 

50% ≤ 𝑃𝑃 ≤ 70% Quite Adequate 
70% ≤ 𝑃𝑃 ≤ 85% Suitable 

85% ≤ 𝑃𝑃 ≤ 100% Very Worthwhile 

 
Readability questionnaire for teaching materials, from all aspects assessed in the readability 

questionnaire for teaching materials, a score of very good is sought 𝑄𝑄 to determine whether there are 
differences in opinion among students and supported by the average of each question item, which is then 
used to calculate the final average readability of teaching materials using the Cochran Test analysis formula, 
which refers to research conducted on teaching material readability questionnaires. From all aspects 
assessed in the teaching material readability questionnaire, a very appropriate score is sought Dewi et al 
(2020). The test criteria are if 𝑄𝑄𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 ≥ critical Chi-Square value for a given significance level and 𝑑𝑑𝑑𝑑 =
𝑘𝑘 − 1 then 𝐻𝐻0 rejected and 𝐻𝐻1 accepted. Mathematics teaching materials are considered readable if the 
score is 𝑄𝑄 lsmaller than the score 𝜒𝜒2tabel. This is supported by the readability test percentage.  
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Based on the results of the feasibility and readability assessment as a product ready for implementation, 
the next step was to conduct an effectiveness test with feasibility and readability assessment results that 
took into account student achievement, as well as a test of the improvement in the posttest results of students 
in the experimental class and the control class. The hypotheses in this study are presented in Table 2.  

Table 2. Research Hypotheses and Statistical Tests 
Research Hypothesis Statistical Test 

Average Completion of Critical Thinking Skills (Min 75) One Sample t-Test 
Proportion Complection of Critical Thinking Skills (Min 75%) One Sample z-Test 

Improvement Difference of Critical Thinking Skills  Independent Sample t-Tes 
 

In addition to testing effectiveness, after the product was implemented, an assessment of student 
response to the use of teaching materials was conducted. To test student response, the researcher calculated 
the overall percentage score of each student's questionnaire, then converted it into a pie chart using the 
formula used by Arifin (2013).  

From these calculations, the percentages are categorized based on Table 3. Based on the table, a product 
is said to have a positive response if it meets at least the “very good” criterion or at least the “good” criterion. 
In addition to the effectiveness test, after the product is implemented, an assessment of students' responses 
to the use of instructional materials is conducted. To test students' responses, the researcher calculates the 
overall percentage score of each student's questionnaire, then converts it into a pie chart using the formula 
employed by 85%. If it does not meet the requirements, improvements must be made and then reassessed. 

Table 3. Student Response Level Criteria 
Score Percentage Eligibility Criteria 

1% ≤ 𝑃𝑃 ≤ 50% Unsuitable 

50% ≤ 𝑃𝑃 ≤ 70% Quite Adequate 
70% ≤ 𝑃𝑃 ≤ 85% Suitable 

85% ≤ 𝑃𝑃 ≤ 100% Very Worthwhile 
 

3.  Results & Discussions 

The research was conducted by developing STEM-based mathematics teaching materials to improve critical 
thinking in the CBL model for seventh-grade junior high school/MTs students. The teaching materials 
discuss single-variable linear equations and include critical thinking skill indicators so that students can be 
trained to solve problems. The research results include the outcomes of the instructional material 
development process, the results of the instructional material feasibility test, the results of the instructional 
material readability test, the results of the instructional material effectiveness test, and the results of student 
responses to the instructional material. The instructional material was developed using the Research and 
Development (R&D) method with the 4D model developed by Thiagarajan. This model consists of four 
development stages: definition, design, development, and disseminate. However, in this study, the process 
was carried out only up to the development stage. The results obtained at each stage are described as 
follows. 

The define stage is the first stage to be carried out. This stage aims to identify and describe the needs 
that need to be developed in the learning process and to gather information related to the instructional 
materials that will be developed. The results of the define stage form the basis for the development of 
instructional materials. This stage includes initial analysis, learner analysis, concept analysis, task analysis, 
and the formulation of learning objectives. The following is a description of the stages involved. 

The initial-final analysis aims to analyze the problems that occur during the learning process in the 
classroom, which underlies the need for the development of teaching materials at SMP Negeri 3 
Karanganyar. Based on an interview on November 12, 2024, with one of the mathematics teachers at SMP 
Negeri 3 Karanganyar, it was stated that the response of students in class VII C in receiving learning was 
still less than optimal. Therefore, the researcher obtained information on the needs that need to be developed 
in teaching materials. Based on the existing problems, there is a need to develop STEM-based mathematics 
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teaching materials to enhance critical thinking in the Challenge-Based Learning model with the assistance 
of Padlet.  

Next, student analysis, task analysis, concept analysis, and formulation of learning objectives were 
carried out at the definition stage. The above analysis included a discussion of the material to be covered, 
namely Single Variable Linear Equations for seventh grade students. Based on the independent curriculum, 
this material is in line with learning outcomes at stage D for junior high school students. This analysis is 
based on alignment with critical thinking skill indicators as activities for task analysis. Following this, 
learning objectives were formulated based on the previous analyses. The description of learning outcomes 
in the learning objectives implemented in the teaching materials, taking into account the material on critical 
thinking skill indicators, can be seen in the table below.   

Table 4. Learning Objectives 
Learning Objectives 

After participating in learning activities with  the Challenge Based Learning learning model  with the help 
of ICT to foster an independent attitude, working together, and reasoning critically, it is expected:  
1. Students can understand concepts and design models of one-variable linear equations precisely and 

according to mathematical rules. 
2. Students can solve contextual problems related to one-variable linear equations with the correct solution 

steps. 
3. Students can design mathematical models of one-variable linear inequality precisely and logically. 
4. Students can solve contextual problems related to one-variable linear inequality with the correct solution 

steps. 
 

The teaching materials prepared consist of four learning objectives. This considers the functions of 
learning objectives in learning, including: 1) determining the direction of learning 2) the basis of selection 
and methods and media 3) evaluation guidelines and 4) increasing the effectiveness of learning (Albina & 
Pratama, 2025). In addition to considering the function of the learning objectives, the preparation of 
learning objectives is designed so that learning is formulated based on the basic competency standards that 
have been set (Amanda & Albina, 2024).  

The planning stage is carried out to prepare teaching materials to be developed. At this stage, the 
researcher designs the design of teaching materials to be consulted with the supervisor before validation. 
This stage includes the preparation of criterion-test construction, media selection, format selection, and 
initial design. In this study, the test was used to measure students' critical thinking skills. The preparation 
of tests in this study was carried out with a trial to measure the validity, reliability, differentiating power of 
the questions, and the level of difficulty of the questions. The test trial was carried out to the trial class. 
Class VIII I SMP Negeri 3 Karanganyar was chosen as a trial class. Then the researcher conducted a 
question item analysis on the results of the critical thinking test of grade VII students. 

Based on the results of the validity, reliability, difficulty level, and discriminating power tests 
conducted, it was found that there were four questions that would be used in the research class. However, 
based on the advice of experts and practitioners, only three questions were used, taking into account the 
time required to complete the test. This was in line with the constraints encountered by the researcher during 
the trial, where students did not finish the questions due to lack of time. Therefore, based on this, the 
researcher only used three questions by removing question number 4. The removal of question number 4 
was considered because the high difficulty level of the question could cause students to be reluctant to 
answer it (Magdalena et al., 2021). And considering the clarity and construction of questions that confuse 
students, if the questions confuse students, they choose not to answer (Putro et al., 2021). In addition, based 
on the researcher's suggestions and observations, number 4 was removed due to time constraints. Time 
constraints were one of the factors that affected the implementation of the instrument trial, which meant 
that students were unable to complete all the questions given, even though the questions were declared valid 
and reliable (Jaya et al., 2020).  

Furthermore, teaching materials are developed by paying attention to the preparation of books based on 
BNSP (2006). The final result of this product is a draft of 1 teaching material with STEM nuances to 
improve critical thinking in the Padlet-assisted Challenge Based Learning model. Some of the teaching 
materials that will be tested to experts and practitioners can be seen in the following figure 3.   
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Figure 3. Preliminary Draft of Teaching Materials 

The next stage is the development stage  where the draft that is prepared is tested for feasibility, 
readability, effectiveness and student response. A feasibility assessment is carried out by two experts and 
two practitioners to ensure that the developed product is feasible to be implemented in the research to be 
carried out. The readability assessment was carried out by grade VIII students of SMP Negeri 3 
Karanganyar who had received material to ensure that the product received a positive response and was 
easy to understand for implementation. Effectiveness testing was carried out after the implementation of 
teaching materials with data from the pretest and posttest scores of the experimental class and the control 
class. This test is carried out to ensure that the developed product meets the achievement of the effectiveness 
indicators that have been set previously. Next is the test of students' response to the teaching materials, the 
assessment is carried out to find out the response and perspective of the students after using the developed 
teaching materials. 

The assessment of the feasibility was carried out by two mathematics education lecturers (A) and two 
mathematics teachers (P). The results obtained are used as a recapitulation of the results of the feasibility 
test of teaching materials in table 5 with an average percentage of feasibility of 91.34% with very feasible 
criteria, meaning that teaching materials with STEM nuances to enhance critical thinking on  the Padlet-
assisted Challenge Based Learning model  can be implemented in learning. The following is a recapitulation 
table of the results of the feasibility test. 

Table 5. Recapitulation of Expert and Practitioner Feasibility Test Results 
Assessment  Feasibility (%) 

Contents  Presentation  Language Learning 
innovations 

Final 
Results 

A1 85.7 81.67 91.07 89.28 86.4 
A2 88.09 85.24 87.50 85.71 87.28 
P1 92.86 98.34 94.64 96.43 95.18 
P2 97.62 95 96.43 96.43 96.49 

Average 91.07 90.06 92.41 91.96 91.34 
 

Based on the results of the overall feasibility test, the final score was obtained  91.34% with a very 
decent category. It can be seen that the teaching materials developed have an average overall feasibility test 
score 91.34% which is a very feasible criterion. The details of the acquisition of the four aspects are as 
follows: based on the feasibility aspect, it can be seen that the feasibility aspect of the content has a final 
score percentage 91.07% which includes the criteria of very feasible, the feasibility aspect of the 
presentation has a final score percentage 90.06% which includes the criteria of very feasible, linguistic 



D. A. Listiani, A. W. Kurniasih 127 

 

Unnes J. Math. Educ. 2025, Vol.14, No.2, 120-134 

feasibility has a percentage of final score 92.41% which includes very feasible criteria, and the feasibility 
aspect of learning innovations has a percentage of final score 91.96% yang included in the criteria is very 
feasible. The results of this study are in accordance with previous research. So it can be concluded that in 
this study, STEM-nuanced teaching materials in the Challenge Based Learning model  are suitable for use 
in learning. 

After the feasibility test is carried out,  a readability test of the teaching material is carried out which 
aims to find out whether the teaching material can be understood by students or not. The readability test of 
this teaching material was distributed to thirty students of VIII I SMP Negeri 3 Karanganyar in the form of 
a readability test questionnaire. Preparation of a readability test questionnaire based on the readability test 
instrument in the research Dewi et al (2020) which consists of four criteria, namely readability, ease, 
attractiveness, and comprehension with ten statements. The analysis of the data from the readability test 
was carried out using the Cochran Test.  

The readability test of this study was analyzed using the Cochran Test. The hypothesis used in this 
readability test is as follows.  
𝐻𝐻0  : There is no difference of opinion among students regarding their understanding of STEM-nuanced 

mathematics teaching materials in the Challenge Based Learning model on one-variable linear equation 
material.  

𝐻𝐻1  : There are differences of opinion among students regarding their understanding of STEM-nuanced 
mathematics teaching materials in the Challenge Based Learning model  on one-variable linear 
equation material.  

The level of significance used is 𝛼𝛼 = 0,05 and the test criteria for this readability test are if 𝑄𝑄𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 ≥ 
critical price Chi-Squares for a certain level of significance and 𝑑𝑑𝑑𝑑 = 𝑘𝑘 − 1 so 𝐻𝐻0 rejected and 𝐻𝐻1Accepted. 
Based on the results of the Cochran test, a score of 𝑄𝑄𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 = 6.0967 < 𝒳𝒳(0,05;29)

2 = 16.919. Thus, the 
criteria obtained are 𝐻𝐻0 Accepted. This shows that there is no difference of opinion among students 
regarding their understanding of STEM-nuanced mathematics teaching materials in the Challenge Based 
Learning model  on one-variable linear equation material.  

Based the average understanding of students of mathematics teaching materials reaches 95.5% of the 
ten items, the average percentage gain is only used as support for the calculation results 𝑄𝑄𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 . 
Descriptively, the readability test of teaching materials obtained an average percentage of 95.5%. These 
results prove that the teaching materials are easy for students to understand well.  

After obtaining a valid and usable learning tool, a trial was carried out to determine the effectiveness of 
teaching materials in improving students' critical thinking skills. The test was carried out with one-variable 
linear equation material. In this trial, there were 6 meetings in the experimental group. The first meeting 
was held as a pretest, the second meeting on the implementation of teaching materials in activity 1 related 
to the concept of Linear Equation of One Variable, the second meeting on the implementation of teaching 
materials in activity 2 related to the completion of Linear Equation of One Variable, the fourth meeting on 
the implementation of teaching materials in activity 3 related to the concept of Linear Inequality of One 
Variable, the fifth meeting on the implementation of teaching materials in activity 4 related to the 
completion of Linear Inequality of One Variable, and the sixth meeting was held posttest. After conducting 
the trial, pretest and posttest data from the control group and experiments were obtained which were then 
analyzed to ensure that the product implementation was effective. The effectiveness indicators in this study 
consisted of (1) the average achievement of completeness, (2) the proportion of achievement of 
completeness, and (3) the difference in the improvement of critical thinking skills.  

Table 6. Results of the Statistical Test of Average Completeness Achievement  
Account  Result  

𝑥̅𝑥 82.07 
𝜇𝜇0 75 
𝑠𝑠 8.329 
𝑛𝑛 29 

𝑡𝑡𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 4.57 
 

Based on the results of the calculation obtained 𝑡𝑡𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 = 4.57 while 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 = 1.701. It can be seen that 
𝑡𝑡𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 > 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 so 𝐻𝐻0 rejected. 𝐻𝐻0 rejected, meaning that the average posttest results of  the  critical thinking 
ability of students in the experimental group have reached the Minimum Completion Criteria (MCC). 
75. However, it can be concluded that the implementation of the product has achieved significant 
completeness on average.  
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Table 7. Results of the Statistical Test on the Proportion of Completeness Achievement 
Account  Result  

𝑥𝑥 26 
𝜋𝜋0 0.75 
𝑛𝑛 29 

𝑧𝑧𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 1.823 

Based on the results of the calculation obtained 𝑧𝑧𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 = 1.823 while 𝑧𝑧𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 = 1.64. It can be seen that 
𝑧𝑧𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 > 𝑧𝑧𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡  so 𝐻𝐻0 rejected. 𝐻𝐻0 rejected, meaning that the percentage of students in the experimental 
group who have completed critical thinking skills has reached 75%. Thus, it can be concluded that the 
implementation of the product has reached a significant proportion of completenes.   

Table 8. Statistical Test Results of Difference in Improvement 
N-Gain 𝒏𝒏 𝒙𝒙� 𝒔𝒔𝟐𝟐 𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕 𝒕𝒕𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 

Experimental Group 29 0.757 
0.1186 1.672 7.0845 

Control Group 29 0.54 
 

Based on the results of the calculation obtained 𝑡𝑡𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 = 7.0845 and 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 = 1.672. It can be seen that 
𝑡𝑡𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 > 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 so 𝐻𝐻0 rejected means that the average increase in the critical thinking ability of students in 
the experimental group is more than the average increase in the critical thinking ability of students in the 
control group. Thus, it can be concluded that the improvement in critical thinking skills of the experimental 
group was significantly greater than the improvement of critical thinking skills of the control group.  

Student learning activities use teaching materials that have been carefully developed. Students read the 
teaching materials following the syntax of the Challenge Based Learning model, then scan the barcode to 
complete the challenge. Each group receives a different challenge related to STEM.  

 

                    
Figure 4. Use of Teaching Materials during Learning 

There are several syntaxes that must be carried out by students. Where the syntax is interconnected. 
Learners complete the challenge with a project to make a poster or video explanation. After learners 
complete a series of syntax in CBL, learners upload projects from the challenge to the Padlet media that 
has been provided.  

The next activity is students completing the project by utilizing the editing application. Here students 
are making posters with the Canva application, students divide the tasks in their group members. Students 
are active and creative in making posters and completing this challenge. 

 



D. A. Listiani, A. W. Kurniasih 129 

 

Unnes J. Math. Educ. 2025, Vol.14, No.2, 120-134 

   
Figure 5. Poster Making Learning Activities  

Here is one of the learner animation videos that has been uploaded on the media padlet. The poster is a 
combination of challenge and project where challenge questions related to STEM and critical thinking are 
given that students must solve. Then learners make an animated video of the answers that have been solved 
earlier. The following display of student results is presented in Figure 6.  
 

    
 

   
 
Figure 6. Some of the Posters and Videos of the Students' Challenge Results 

Presented one of the STEM questions from the teaching materials developed in this study. The following 
presented STEM critical thinking questions compiled in teaching materials can be seen in Figure 7. Next, 
the syntax included in this teaching material, with the challenge-based learning model includes several 
syntaxes including Big Idea, Essential Question, Challenge, Guiding Resource, Guiding Question, Guiding 
Activity, Solution Action, and Assessment. Due to page limitations, the following will be presented and 
explained one of the syntaxes of CBL, namely Challenge. In Figure 8, the Challenge syntax is presented in 
the developed teaching materials. Next, the syntax included in this teaching material, with the challenge-
based learning model includes several syntaxes including Big Idea, Essential Question, Challenge, Guiding 
Resource, Guiding Question, Guiding Activity, Solution Action, and Assessment. Due to page limitations, 
the following will be presented and explained one of the syntaxes of CBL, namely Challenge. In Figure 8, 
the Challenge syntax is presented in the developed teaching materials. 

Poster making from 
students' challenge 
completion 

 

Completion challenge is 
able to apply linear 
equation of one variable. 

Learners are able to formulate a mathematical model of the 
operator subscription problem with a specified discount and 
time and come up with answer choices. 
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Figure 7. STEM critical thinking questions in teaching materials 

  
 

 
 
Figure 8. Syntax of Challenge Based Learning included in Teaching Materials 

Learners are asked to determine the 
truth. With the discount and tax 
available can Rani buy 4 headphones 
with the money she brought? 

Learners complete the challenge by 
opening the available Padlet web, then 
working on the challenge questions 
according to their respective 
divisions. the completion of the 
challenge is presented in the form of a 
poster that is edited with the 
application according to the creativity 
of the learners. Furthermore, it is 
uploaded on the Padlet web provided. 
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The learning process of the Challenge Based learning model combines aspects of problem-based 

learning, project and contextual learning (Nawawi, 2016). The syntax above is a challenge syntax where 
the challenge given is a project that is done in groups. Learners seem interested in project activities and 
solving problems in everyday life. They feel challenged by the problem then done in the form of a project 
that increases cooperation between friends to make it lighter. Before working on the challenge, learners are 
given a Guiding Resource which contains guiding material to determine the solution to the challenge given. 
As a support material, learners are given a Guiding Question which contains guiding questions to sharpen 
and develop the thinking of learners so that it makes it easier to answer challenges. In Guiding Resource, 
students pay close attention to the researcher's explanation, several times the researcher threw questions to 
students, some students were not able to answer correctly. After re-explaining, learners are able to 
understand and answer questions correctly. The project results of the challenges produced by learners are 
less varied, this is because the groups work together to complete the project quickly due to time constraints. 
The results of their posters are uploaded on the padlet provided by the teacher. The challenges provided are 
able to hone students' critical thinking skills in all the skills used. Challenges 1 and 3 focus on interpretation 
and analysis skills while challenges 2 and 4 focus on evaluation, inference, and explanation skills. The 
challenge syntax provides learners with real challenges and forces them to think analytically and 
reflectively in solving them. In line with the research data Maylani et al (2017) which proves that the 
application of challenge syntax is effective in improving the quality of critical thinking of students. 

The other syntaxes in the CBL model can help students develop critical thinking skills. The following 
is an explanation of the activities of each syntax of Challenge Based Learning combined with STEM. 
Learners are given a Big Idea that contains an overview of the material to be learned with STEM nuances. 
Essential Question, in this syntax learners will be invited to change the question on essential into a 
challenge. Learners are able to formulate equations from the Big Idea given, in activities 1 and 2 learners 
still have to be explained slowly if given questions that are more difficult than the Big Idea. However, in 
activities 3 and 4 learners are able to answer several examples of problem development from the Big Idea 
problem.  

Guiding Question 1 and 3 are done together during learning, but in Guiding Question 2 and 4 the 
researcher appoints several students to work forward, students have difficulty in evaluating. Learners have 
not been able to capture the information provided clearly, this is due to changes in question information 
from questions on analysis and evaluation questions, students are still focused on analysis questions. 
Furthermore, students are given Guiding Activity to actively search for problems and solutions from various 
sources (internet, books, etc.) in accordance with the learning objectives. All of the above activities can be 
accessed and uploaded through the padlet developed by the researcher. Learners can also conduct 
discussions and respond to each other on the padlet media provided if they experience difficulties during 
learning outside of class hours. Some groups still write the same learning resources and lack of 
communication between groups due to time constraints. 

After completing the above activities, learners discuss the challenge with their respective groups to 
determine the solution and complete the project. Learners solve the problem carefully, there are learners 
who have difficulty working on the challenge and ask to be helped to be directed, this happens because 
there are differences in learners' perspectives on the problem. After working on the problem, learners make 
posters. Learners use canva media to complete the challenge of making posters, but the results of the posters 
are almost the same from various groups because learners imitate the methods of other groups, so that the 
posters produced are less varied.  

Once the challenge is complete, learners implement the solution by presenting it in front of the class. 
When the presentation group of other groups pay close attention, learners ask necessary questions such as 
“why is the formula obtained like that?” or “what if this one is operated first, will the result be the same?”. 
The presentation group answered with a fairly clear and precise explanation. However, there are some 
groups that are still less active in the presentation. After that, students are given a reflection that contains 
problems in everyday life that are given STEM nuances to do independently as an exercise. From the series 
of activities above, students are required to be active in class and can develop their critical thinking skills 
supported by the results of the students' work displayed. A series of CBL syntaxes proved relevant to the 
research Nawawi (2016) which states that CBL syntax such as Challenge, Guiding Question, Guiding 
Activities, Guiding Resources, and Solution as a form of contextual learning directly contributes to the 
development of students' critical thinking skills.     

The results of product implementation show that students are able to achieve achievements such as (1) 
achievement of average completeness, (2) achievement of proportional completeness, and (3) improvement 
of different critical thinking skills. Thus, the implementation of STEM nuanced teaching materials in the 
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Challenge Based Learning model is effective in improving students' critical thinking. Similar research can 
be conducted by applying learning styles in depth and maximizing. The use of Padlet media can be actively 
used in discussions to hone analysis and inference skills. Padlet is not just uploading the results of students' 
work, but must be used as a medium for discussion and communication between students and students, 
students and teachers to argue so that inference and evaluation skills are increasingly developed. 

After the effectiveness test, the researchers then conducted a student response test to 32 students from 
the experimental group, namely class VII C SMP Negeri 3 Karanganyar. This was done to find out the 
response of students to the teaching materials developed by researchers. The following diagram of the 
results of the students' questionnaire is shown in Figure 9.  

 

 
Figure 9. Student Response Results 

The results of the students' responses were carried out to 32 students in class VII C SMP Negeri 3 
Karanganyar. The class is an experimental class in the research conducted. Class VII C received treatment 
by being given learning using Linear Equation of One Variable teaching materials with STEM nuances on 
the CBL model with the help of a padlet application. The results of the student response test to the developed 
teaching materials stated that the score percentage with the criteria was very good. It can be concluded that 
Linear Equation of One Variable teaching materials with STEM nuances in the 94% Challenge Based 
Learning model with the help of the padlet application received a very good response from students in grade 
VII C SMP Negeri 3 Karanganyar. The results of student responses carried out are relevant to previous 
research. Research  Ash-Showy et al (2022) related to the development of integrated comparative teaching 
materials, challenge based learning with a STEM approach to students' critical thinking skills, showing the 
results of student responses to teaching materials of 89%. 

4.  Conclusion 

Based on the results of the research and discussion that has been described above, the conclusion of the 
teaching materials of the One Variable Linear Equation with STEM nuances to improve critical thinking 
on  the Challenge Based Learning model has been produced (1) the teaching materials produced meet the 
feasibility level with the very feasible category based on the results of the feasibility test reviewed from the 
feasibility aspects of content, presentation, language, and graphics with a percentage of 𝟗𝟗𝟗𝟗.𝟑𝟑𝟑𝟑; (2) 
Teaching Materials Get Calculations 𝑸𝑸𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄 = 𝟔𝟔.𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎 < 𝓧𝓧(𝟎𝟎,𝟎𝟎𝟎𝟎;𝟐𝟐𝟐𝟐)

𝟐𝟐 = 𝟏𝟏𝟏𝟏.𝟗𝟗𝟗𝟗𝟗𝟗 categorized as easy to 
understand by students; (3) Linear Equation of One Variable mathematics teaching materials with STEM 
nuances with a Challenge Based Learning  model are effective in increasing critical thinking seen from the 
five hypotheses; and (4) teaching materials get a positive response from students with a percentage of 𝟗𝟗𝟗𝟗% 
show that the teaching materials developed are categorized as suitable for use in mathematics learning. 
Similar research can be done by applying learning styles in depth and maximizing. The use of Padlet media 
can be actively used in discussions to hone analysis and inference skills so that students' skills develop. 

 
 
 

100% 18 students

95% 1 student

90% 8 students

85% 3 students
80% 1 student 70% 1 student

STUDENT'S RESPONSE
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