
 

 
Eduprof : Islamic Education Journal 

Volume  x  Number  x, Oktober 20xx  | P-ISSN : 2723-2034  | E-ISSN: 2723-2034 

DOI: https://doi.org/10.47453/eduprof.vxix.xxx 

 

 

The Impact of Islamic Integrative Math Problems with Science, Technology, 

Engineering, and Mathematics (STEM) Education Framework  

to Improve Critical Thinking Skills 
 

Mulin Nu’man1 

 

Department of Mathematics Education, Universitas Islam Negeri Sunan Kalijaga 

Yogyakarta, Daerah Istimewa Yogyakarta, Indonesia1 

 
Corresponding Email: mulin.nu@uin-suka.ac.id 

 

 

Submitted: 2024-12-18 ; Accepted: 2025-02-04 ; Published: 2025-03-10 

 

 

ABSTRACT 

 
Daily, no problem can be solved by involving only one scientific discipline. Students must be trained with 

integrative problems involving other disciplines. STEM education is one educational framework that allows students 

to be engaged in integrative problems. This study aims to determine the effectiveness of Islamic integrative 

mathematics problems with STEM education in improving critical thinking skills. Effectiveness is also seen based on 

critical thinking skills, including understanding problems, identifying information, validating arguments, drafting 

conclusions, and evaluating. The research method used is a quasi-experiment with a pretest and posttest control 

group design. The research population is 8th-grade MTs/Islamic Junior High School students in Purbalingga, with 

a sample of 138 students from two Islamic junior high schools. Critical thinking skills data was obtained from a 

critical thinking skills test representing each aspect of critical thinking. The data analysis used was the t-test and the 

Mann-Whitney U test with the help of SPSS. The study results show that learning integrative math problems with 

STEM education effectively improves overall critical thinking skills and the aspects of argument validation and 

evaluation. Meanwhile, in terms of understanding problems, identifying information, and concluding, Islamic 

integrative mathematics problems with STEM education are not effective. The finding implies that learning 

mathematics is more meaningful if it is directly related to its application in various disciplines, in this case, STEM 

and Islamic disciplines. Integrating mathematics with various disciplines in the form of integrative math problems 

can develop students' critical thinking skills well. 
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INTRODUCTION 

In this 21st century, one of the important skills is critical thinking (CT) skills1 2 3. CT is an activity 

that involves identifying assumptions and various ways of view, proving courage, and establishing 

conclusions based on that information 4. Critical thinking is a vital skill for manifesting responsible human 

activity 5 and one of the skills most considered by companies and institutions6. Mathematical critical 

thinking skills are related to reasoning and systematic thinking ability7, related to problem-solving 8, and 

related to analyzing, synthesizing, and evaluating activity9. In developing countries, attention to CT is still 

lacking, impacting science, mathematics, and health10. Junior high school students do not have good critical 

thinking skills 11. According to Topsakal et al. 12, students often expect solutions from teachers or adults 

directly when faced with problems. Students' critical thinking achievement is still not up to expectations 

and is still low. Research shows that critical thinking skills are still at an average score of 45.4413 and a 

percentage of 51.60%. This fact gives the idea that it is necessary to develop systematic strategies and 

activities to instil and familiarize students with mathematical critical thinking 14. 

Critical and creative thinking skills are proven to be developed and improved through integrative or 

multidisciplinary problems. Student activities in finding solutions to real-world problems and integrating 

various disciplines conducted through student-centred learning under the guidance of teachers will 

 
1 Lyn D. English, ‘Ways of Thinking in STEM-Based Problem Solving’, ZDM - Mathematics Education, 55.7 

(2023), pp. 1219–30, doi:10.1007/s11858-023-01474-7. 
2 Asri Ode Samura and Darhim, ‘Improving Mathematics Critical Thinking Skills of Junior High School 

Students Using Blended Learning Model (BLM) in GeoGebra Assisted Mathematics Learning’, International Journal 

of Interactive Mobile Technologies, 17.2 (2023), pp. 101–17, doi:10.3991/ijim.v17i02.36097. 
3 Medine Baran and others, ‘The Influence of Project-Based STEM (PjBL-STEM) Applications on the 

Development of 21st-Century Skills’, Journal of Turkish Science Education, 18.4 (2021), pp. 798–815, 

doi:10.36681/tused.2021.104. 
4 Yuli Rahmawati, Syauqi Faizka Ramadhani, and Afrizal, ‘Developing Students’ Critical Thinking: A Steam 

Project for Chemistry Learning’, Universal Journal of Educational Research, 8.1 (2020), pp. 72–82, 

doi:10.13189/ujer.2020.080108. 
5 W. Sumarni and S. Kadarwati, ‘Ethno-STEM Project-Based Learning: Its Impact to Critical and Creative 

Thinking Skills’, Jurnal Pendidikan IPA Indonesia [Indonesian Journal of Science Education], 9.1 (2020), pp. 11–

21, doi:10.15294/jpii.v9i1.21754. 
6 Akawo Angwal Yaki, ‘Fostering Critical Thinking Skills Using Integrated STEM Approach among 

Secondary School Biology Students’, European Journal of STEM Education, 7.1 (2022), p. 06, 

doi:10.20897/ejsteme/12481. 
7 Wahyu Hidayat and others, ‘How Can Android-Based Trigonometry Learning Improve the Math Learning 

Process?’, Frontiers in Education, 7.1 (2023), pp. 1–13, doi:10.3389/feduc.2022.1101161; R. Paul and L. Elder, The 

Miniature Guide to Critical Thinking Concepts and Tools (Rowman & Littlefield., 2019). 
8 English. 
9 Samura and Darhim. 
10 Imane Ghazlane and others, ‘The Relationship between Critical Thinking Skills, Portfolio Models and 

Academic Achievement of Moroccan Midwifery Students’, Journal of Educational and Social Research, 12.5 (2022), 

pp. 20–32, doi:10.36941/jesr-2022-0119. 
11 Rinaldo Adi Pratama and others, ‘Integration of STEM Education in History Learning’, International 

Journal of Evaluation and Research in Education, 11.1 (2022), pp. 313–20, doi:10.11591/ijere.v11i1.22064. 
12 ‘The Effect of Problem-Based STEM Education on the Students’ Critical Thinking Tendencies and Their 

Perceptions for Problem Solving Skills’, Science Education International, 33.2 (2022), pp. 136–45, 

doi:10.33828/sei.v33.i2.1. 
13 Widodo Winarso and Widya Yulistiana Dewi, ‘Berpikir Kritis Siswa Ditinjau Dari Gaya Kognitif Visualizer 

Dan Verbalizer Dalam Menyelesaikan Masalah Geometri [Students’ Critical Thinking Is Reviewed from the 

Cognitive Style of Visualizer and Verbalizer in Solving Geometry Problems]’, Beta: Jurnal Tadris Matematika 

[Journal of Mathematics Education], 10.2 (2017), pp. 117–33, doi:10.20414/betajtm.v10i2.109. 
14 Gokhan Hacisalihoglu and others, ‘Enhancing Undergraduate Student Success in STEM Fields through 

Growth-Mindset and Grit’, Education Sciences, 10.10 (2020), pp. 1–11, doi:10.3390/educsci10100279. 
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encourage students to develop 21st-century skills independently 15. Multidisciplinary problem-based 

STEM implementations with discovery activities can build critical thinking skills 16 and entail real-world 

problems by involving the identification and justification of statements, claims, and propositions made, 

examining arguments, drafting conclusions, and testing solutions and conclusions generated 17. STEM-

integrated problems have a positive impact on scientific processes, investigative, critical, and creative 

thinking, reasoning, innovation, literacy, and problem-solving 18. 

Students need to be trained to solve everyday problems that involve several disciplines. Education 

must be at the forefront to familiarize students with using critical thinking involving multidisciplinary 

issues following the conditions students face in society. Ardianti et al. 19 suggested that educators introduce 

critical thinking to students during mathematics learning so that students are used to dealing with real-life 

and complex problems. According to Jeon et al. 20, students should be given unique everyday problems 

with multiple answers. From everyday problems, students learn to choose solutions and make decisions 

based on valid and relevant arguments 21. Solving real problems requires students to explore experiences 

and choose the best solution 22. STEM education is oriented towards integrating core concepts of STEM 

disciplines in authentic and engaging problem situations by centring students on the problem-solving 

process 23. STEM education is very relevant to be implemented in learning because S, T, E, and M are 

fields that are urgent in the future and are interrelated in everyday life 24. STEM education is a learning 

framework that integrates S (science), T (technology), E (engineering), and M (mathematics) related to 

daily life activities and experiences 25. Pfeiffer et al. 26 stated that STEM learning is a learning framework 

that involves skills and knowledge of STEM disciplines in solving problems. The STEM framework is 

practised by finding intersections and connections across STEM disciplines while keeping in mind the 

 
15 Oziah Othman, Zanaton H. Iksan, and Ruhizan Mohammad Yasin, ‘Creative Teaching STEM Module: High 

School Students’ Perception’, European Journal of Educational Research, 11.4 (2022), pp. 2127–37, 

doi:10.12973/eu-jer.11.4.2127. 
16 R. K. Nichols, G. Burgh, and L. Fynes-Clinton, ‘Reconstruction of Thinking across the Curriculum through 

the Community of Inquiry’, in The Routledge International Handbook of Philosophy for Children, ed. by M. Rollins 

Gregory, J. Haynes, and K. Murris (Routledge, 2019), pp. 245–252. 
17 English. 
18 Ardianti and others. 
19 ‘The Impact of the Use of STEM Education Approach on the Blended Learning to Improve Student’s Critical 

Thinking Skills’, Universal Journal of Educational Research, 8.3 B (2020), pp. 24–32, 

doi:10.13189/ujer.2020.081503. 
20 ‘Developing Critical Thinking in STEM Education through Inquiry-Based Writing in the Laboratory 

Classroom’, Biochemistry and Molecular Biology Education, 49.1 (2021), pp. 140–50, doi:10.1002/bmb.21414. 
21 Topsakal, Yalçin, and Çakir. 
22 Tova Michalsky and Avigail Cohen, ‘Prompting Socially Shared Regulation of Learning and Creativity in 

Solving STEM Problems’, Frontiers in Psychology, 12.November (2021), pp. 1–12, doi:10.3389/fpsyg.2021.722535. 
23 Ping Wang, ‘PLS-SEM Model of Integrated STEM Education Oncept and Network Teaching Model of 

Architectural Engineering Course’, ed. by Wei Liu, Mathematical Problems in Engineering, 2022 (2022), pp. 1–10, 

doi:10.1155/2022/7220957; Katja Maass and others, ‘The Role of Mathematics in Interdisciplinary STEM 

Education’, ZDM - Mathematics Education, 51.6 (2019), pp. 869–84, doi:10.1007/s11858-019-01100-5. 
24 Liying Nong and others, ‘The STEAM Learning Performance and Sustainable Inquiry Behavior of College 

Students in China’, Frontiers in Psychology, 13.October (2022), pp. 1–14, doi:10.3389/fpsyg.2022.975515; Juan 

Zheng and others, ‘Profiling Self-Regulation Behaviors in STEM Learning of Engineering Design’, Computers and 

Education, 143 (2020), pp. 1–13, doi:10.1016/j.compedu.2019.103669. 
25 Kim Beswick and Sharon Fraser, ‘Developing Mathematics Teachers’ 21st Century Competence for 

Teaching in STEM Contexts’, ZDM - Mathematics Education, 51.6 (2019), pp. 955–65, doi:10.1007/s11858-019-

01084-2. 
26 H.D. Pfeiffer, D.I. Ignatov, and J. Poelmans, ‘Conceptual Structures for STEM Research and Education’, in 

20th International Conference on Conceptual Structures, ICCS 2013 (Springer, 2013). 
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differences and uniqueness of the four STEM disciplines 27. A connecting line is needed to bridge the 

differences between the four STEM disciplines so that the four STEM disciplines can be studied and 

applied simultaneously in learning. The STEM framework is designed with the assumption that the content 

in STEM should be studied in conjunction with the content and practices according to the characteristics 

of each STEM discipline 28.  The STEM education framework implementation includes using project-based 

learning/PjBL29, problem-based learning 30 problem-solving 31 engineering design process 32 or the 5E 

instructional model 33.  

Mathematics learning must involve integrative problems appropriate to students' daily lives. 

Providing learning materials that integrate with other disciplines will help students construct critical 

thinking. One of the educational frameworks that integrate several disciplines is STEM education, which 

unites S(cience), T(echnology), E(ngineering), and M(athematics) in integrated learning 34. STEM 

education focuses on real-world problem-solving processes 35 and critical thinking 36. STEM education 

supports students to deepen their understanding of each discipline with concepts in various contexts, 

increases interest in STEM education 37 also has a positive influence on developing creative problem-

solving skills, emotional intelligence, and communication 38 effectively developing logical thinking, 

critical thinking, and technological literacy 39, digital literacy and computational thinking 40. Aktoprak and 

Hursen 41 stated that critical thinking skills have long been considered essential and urgent in almost all 

 
27 Beswick and Fraser. 
28 Todd R. Kelley and J. Geoff Knowles, ‘A Conceptual Framework for Integrated STEM Education’, 

International Journal of STEM Education, 3.1 (2016), doi:10.1186/s40594-016-0046-z. 
29 Robert M. Capraro, Mary M. Capraro, and James R. Morgan, STEM Project-Based Learning: An Integrated 

Science, Technology, Engineering, and Mathematics (STEM) Approach (Sense Publisers, 2013). 
30 T J Kennedy and M R L Odell, ‘Engaging Students In STEM Education’, Science Education International, 

25.3 (2014), pp. 246–58. 
31 Angi Stone-MacDonald and others, Engaging Young Engineers: Teaching Problem-Solving Skills through 

STEM (Paul H. Brookes Publishing Co., 2015). 
32 Lyn D. English, Donna King, and Joana Smeed, ‘Advancing Integrated STEM Learning through 

Engineering Design: Sixth- Grade Students’ Design and Construction of Earthquake Resistant Buildings’, Journal 

OfEducational Research, 110.3 (2017), pp. 255–71, doi:doi.org/10.1080/00220671.2016.1264053. 
33 Chikahiko Yata, Tadashi Ohtani, and Masataka Isobe, ‘Conceptual Framework of STEM Based on Japanese 

Subject Principles’, International Journal of STEM Education, 7.12 (2020). 
34 Othman, Iksan, and Yasin. 
35 Loh Su Ling, Vincent Pang, and Denis Lajium, ‘The Planning of Integrated Stem Education Based on 

Standards and Contextual Issues of Sustainable Development Goals (SDG)’, Journal of Nusantara Studies (JONUS), 

4.1 (2019), p. 300, doi:10.24200/jonus.vol4iss1pp300-315. 
36 Nuchjaree Phuseengoen and Juthamas Singhchainara, ‘Effects of STEM-Integrated Movement Activities 

on Movement and Analytical Thinking Skills of Lower Secondary Students’, Journal of Physical Education and 

Sport, 22.2 (2022), pp. 511–17, doi:10.7752/jpes.2022.02064. 
37 Margery Gardner and John W. Tillotson, ‘Interpreting Integrated STEM: Sustaining Pedagogical Innovation 

within a Public Middle School Context’, International Journal of Science and Mathematics Education, 17.7 (2019), 

pp. 1283–1300, doi:10.1007/s10763-018-9927-6. 
38 Aerina Bak and Kwon Yong Kim, ‘The Effects of STEAM Program on the Scientific Communication Skills 

and the Learning Flow of Elementary Gifted Students’, Korean Elementary Science Education, 452 (2014), pp. 439–

52. 
39 Martín Cáceres, Miguel Nussbaum, and Jorge Ortiz, ‘Integrating Critical Thinking into the Classroom: A 

Teacher’s Perspective’, Thinking Skills and Creativity, 37.October 2018 (2020), p. 100674, 

doi:10.1016/j.tsc.2020.100674. 
40 Liudmila V. Shukshina and others, ‘STEM and STEAM Education in Russian Education: Conceptual 

Framework’, Eurasia Journal of Mathematics, Science and Technology Education, 17.10 (2021), pp. 1–14, 

doi:10.29333/ejmste/11184. 
41 Ayten Aktoprak and Cigdem Hursen, ‘A Bibliometric and Content Analysis of Critical Thinking in Primary 

Education’, Thinking Skills and Creativity, 44 (2022), p. 101029, doi:10.1016/j.tsc.2022.101029. 
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various disciplines, but research on primary and secondary education on critical thinking skills is still 

inadequate. This study intends to test the effectiveness of Islamic integrative mathematics problems in 

STEM education to improve students' critical thinking skills. Critical thinking skills are one of the high-

ordered thinking skills 42. Critical thinking skills are the proficiency to think systematically and reflectively 
43, and the ability to structure arguments and validate 44. Facione 45 states that critical thinking skills include 

interpretation skills, analysis processes, evaluation skills, making inferences, providing explanations, and 

self-regulation. This study's critical thinking skills include understanding problems, identifying 

information, validating arguments, concluding, and evaluating. 

Mathematics learning approaches and strategies significantly develop critical thinking 46.  Several 

studies on critical thinking skills have been carried out, including Setiana et al. 47 which applied the 

mathematics learning model to stimulate critical thinking skills the results of the indicators with the highest 

score considering the definitions of terms, while the indicators with the lowest score deal with the habit of 

caution. Other research was conducted by Susandi et al. 48 who tried to improve mathematical critical 

thinking skills through the development of the M6 mathematics learning model. M6 mathematics learning 

model with the syntax of 1) focusing on initial skills; 2) justifying concepts; 3) investigating problems; 4) 

presenting ideas; 5) evaluating; and 6) concluding. The results show that the M6 learning model developed 

can optimally improve mathematical critical thinking skills. Monrat et al. 49 also researched the ability to 

think critically. He uses open-ended problems to develop mathematical critical thinking skills. The findings 

of the study show that open-ended problems can develop mathematical critical thinking skills optimally 

even though the majority of students are still at a moderate level. In addition, research on critical thinking 

skills and STEM has been conducted by Pramasdyahsari et al. 50 who developed a digital book based on 

PjBL STEM to improve critical thinking skills on number pattern materials. The results show that the 

digital book STEM PjBL is significant in fostering students' critical thinking skills and has a positive 

impact on other 21st-century learning skills. Research by Topsakal et al. 51 is also on the effects of problem-

based STEM on critical thinking skills and problem-solving abilities. This study uses STEM-based 

interdisciplinary problems with the finding that STEM education is highly effective in developing the skills 

that are expected from individuals in the 21st century such as problem-solving, critical thinking, and social 

interaction.  

This research seeks to improve critical thinking skills using Islamic integrative mathematical 

problems. The problems given are in the form of mathematical problems about the volume of space built 

 
42 Robert H. Ennis, ‘Critical Thinking: Reflection and Perspective’, Inquiry: Critical Thinking Across the 

Disciplines, 26.1 (2011), pp. 5–19, doi:10.5840/inquiryctnews201126215. 
43 Linda Elder and Richard Paul, ‘Critical Thinking: Intellectual Standards Essential to Reasoning Well within 

Every Domain of Human Thought (Part 3)’, Journal of Developmental Education, 37.3 (2014), p. 34. 
44 Peter A Facione, Critical Thinking: What It Is and Why It Counts (Measured Reasons LLC, 2015). 
45 Facione. 
46 Samura and Darhim. 
47 Dafid Slamet Setiana, Riawan Yudi Purwoko, and Sugiman, ‘The Application of Mathematics Learning 

Model to Stimulate Mathematical Critical Thinking Skills of Senior High School Students’, European Journal of 

Educational Research, 10.1 (2021), pp. 509–23, doi:10.12973/EU-JER.10.1.509. 
48 Ardi Dwi Susandi and others, ‘Developing the M6 Learning Model to Improve Mathematic Critical 

Thinking Skills’, Pedagogika, 145.1 (2022), pp. 182–204, doi:10.15823/p.2022.145.11. 
49 Natthanon Monrat, Mingkhuan Phaksunchai, and Ratchanikorn Chonchaiya, ‘Developing Students’ 

Mathematical Critical Thinking Skills Using Open-Ended Questions and Activities Based on Student Learning 

Preferences’, Education Research International, 2022.2015 (2022), doi:10.1155/2022/3300363. 
50 Agnita Siska Pramasdyahsari and others, ‘Fostering Students’ Mathematical Critical Thinking Skills on 

Number Patterns through Digital Book STEM PjBL’, Eurasia Journal of Mathematics, Science and Technology 

Education, 19.7 (2023), doi:10.29333/ejmste/13342. 
51 Topsakal, Yalçin, and Çakir. 
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integrated with spiritual problems about the concept of holy (thohir) and purifying (muthohhir) water, 

science problems about hydrostatic pressure, and technology in the use of counting and time tools. This 

problem is given because every day, no problem can be solved with just one particular discipline. Real 

everyday problems include problems related to individuals, communities, and the environment 52. The 

problems of climate change, health care, food insecurity, violence, sustaining skills, religion, or education 

cannot be solved by involving only one discipline 53 54. Students in daily life may face integrative problems, 

and students must solve these problems using their experience and knowledge 55. This problem is presented 

with learning within the STEM education framework using project-based learning methods. The STEM 

approach involves active participation and collaboration of students to elaborate solutions, present 

solutions and results, and evaluate findings 56. 

 

RESEARCH METHODOLOGY 

This research intends to elaborate on the effectiveness of using Islamic integrative mathematics 

problems with the STEM education framework to improve critical thinking skills (CTS). The type of 

research used is quasi-experimental research with a pretest and posttest control group design. This study 

involved two groups, as presented in Table 1. 

 

Table 1. Design of Research 

Group Pretest Treatment Posttest 

Experiment Group O1 X O3 

Control Group O2 C O4 
57 

 

The population of this study is students of grade VIII MTs (Islamic junior high school) in 

Purbalingga, Central Java. The research sample comprised 138 students from two MTs in Purbalingga, 

namely MTs N 1 Purbalingga and MTs N 2 Purbalingga, randomly selected by drawing classes. 

Furthermore, the selected sample was divided into 70 experimental and 68 students as a control group. 

Each group is placed in two classes. In the experimental group, students were treated in the form of learning 

with Islamic integrative mathematics problems with the STEM educational framework, while the control 

group used conventional learning. The learning material is spatial geometry, including cubes, blocks, and 

tubes. 

To answer the formulation of the research problem, the data needed is the achievement of critical 

thinking skills of junior high school students. Data collection uses pretest and posttest, with data collection 

instruments, namely mathematical problems, to measure critical thinking skills (CTS). The questions 

consist of five, each representing five CTS, including understanding problems, identifying information, 

validating arguments, concluding, and evaluating. The questions were first validated with the Aiken index 

 
52 Phuseengoen and Singhchainara. 
53 M. Amin Abdullah, Multidisiplin, Interdisiplin, & Transdisiplin: Metode Studi Agama & Studi Islam Di Era 

Kontemporer (IB Pustaka, 2020). 
54 Mulin Nu’man and others, ‘Measuring Self-Regulated Learning in the STEM Framework: A Confirmatory 

Factor Analysis’, European Journal of Educational Research, volume-10-.volume-10-issue-4-october-2021 (2021), 

pp. 2067–77, doi:10.12973/eu-jer.10.4.2067. 
55 Topsakal, Yalçin, and Çakir. 
56 Gado Birnin Tudu Usman, Mohd Norawi Ali, and Mohammad Zohir Ahmad, ‘Effectiveness of STEM 

Problem-Based Learning on the Achievement of Biology among Secondary School Students in Nigeria’, Journal of 

Turkish Science Education, 4.2 (2023), pp. 44–46, doi:10.36681/tused.2023.026. 
57 Jack R. Fraenkel, Norman E. Wallen, and Helen H. Hyun, How to Design and Evaluate Research in 

Education (McGraw-Hill, 2017). 
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58. The content was validated with the help of four experts, with an Aiken index score of 0.89, which is a 

very valid category 59. 

The data on critical thinking skills obtained were then analyzed in stages: 1) examining the difference 

between the average pretest scores of CTS using t-test, 2) because the average pretest score was 

significantly different, the data analyzed was the average N-Gain score of CTS between pretest and 

posttest, using the t-test, and 3) testing the average N-Gain score of each aspect of critical thinking skills 

with the Mann-Whitney test because the average score of each aspect did not meet the normality 

requirement. The N-Gain formula used is 

 

𝑁 − 𝐺𝑎𝑖𝑛 =
𝑃𝑜𝑠𝑡𝑇𝑒𝑠𝑡 𝑆𝑐𝑜𝑟𝑒− 𝑃𝑟𝑒𝑇𝑒𝑠𝑡 𝑆𝑐𝑜𝑟𝑒

𝐼𝑑𝑒𝑎𝑙 𝑆𝑐𝑜𝑟𝑒−𝑃𝑟𝑒𝑇𝑒𝑠𝑡 𝑆𝑐𝑜𝑟𝑒
 60. 

 

RESULTS AND DISCUSSION 

The research was conducted by involving 138 students in the two groups. Learning begins with a 

pretest, learning, and ends with a posttest. CTS are presented in the following table 2. 

 

Table 2. Critical Thinking Skills Score 

 

Description 
Experiment Control 

Pretest Posttest Pretest Posttest 

Average* 6,83 13,61 7,79 12,43 

Standard Deviation 2,29 2,66 1,75 2,06 

Maximum 14 20 11 19 

Minimum 4 8 4 8 

Number of students 70 68 

*Ideal score: 20 

 

Table 2 shows the improvement of both groups' critical thinking skills from pretest to posttest. 

However, the average pretest score of conventional learning was greater than that of the learning using 

Islamic integrative mathematics problems with the STEM education framework, which was 7.79 and 6.83, 

respectively. However, in the post-test, the average score of the learning using Islamic integrative 

mathematics problems with the STEM education framework was greater than that of conventional learning, 

which was 13.61 and 12.43, respectively. Furthermore, to test the difference in CTS between the two 

groups, data analysis was carried out: 1) to test the difference in pretest scores between the two groups, 2) 

from the results of the test of the difference in pretest scores, data analysis is determined on the posttest 

score or N-Gain score. The pretest score data was analyzed using a t-test, and it was concluded that the 

average of the pretest score of CTS was between the two groups. As a result, the difference in CTS between 

the two groups was tested using N-Gain data. 

Furthermore, the effectiveness of Islamic integrative mathematics problems with the STEM 

education framework on CTS was tested on the N-Gain score. The N-Gain score of CTS is described in 

Table 3. 

 
58 Heri Retnawati, Analisis Kuantitatif Instrumen Penelitian (Parama Publishing, 2016). 
59 Lewis R. Aiken, ‘Three Coefficients for Analyzing the Reliability and Validity of Ratings’, Educational 

and Psychological Measurement, 45.1 (1985), pp. 131–42, doi:https://doi.org/10.1177/0013164485451012. 
60 Richard R. Hake, ‘Relationship of Individual Student Normalized Learning Gains in Mechanics with 

Gender, High-School Physics, and Pretest Scores on Mathematics and Spatial Visualization.’, Physics Education 

Research Conference, 8.August 2002 (2002), pp. 1–14. 
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Table 3. N-Gain Critical Thinking Skills Score 

Description Experiment Control 

Average 0,53 0,38 

Standard Deviation 0,17 0,15 

Number of Students 70 68 

 

Table 3 shows that the average score of CTS in the learning group using Islamic integrative 

mathematics problems with the STEM education framework is higher than the conventional learning 

group, 0.53 and 0.38, respectively. Furthermore, the data of the difference in N-Gain CTS was analyzed 

with a t-test to check its significance. N-Gain score data analysis with t-test using the SPSS application. 

The normality and homogeneity tests are carried out as a condition using the t-test. The normality results 

in Table 4 show that the N-Gain scores of the learning group using Islamic integrative mathematics 

problems with the STEM education framework and the conventional learning group are normally 

distributed with sig values of 0.200 > 0.05 and 0.597 > 0.05, respectively, in the Kolmogorov-Smirnov 

test. 

Table 4. Normality Test Results 

 
Group 

Kolmogorov-Smirnova 

 Stat. Df Sig. 

N-Gain 
Experiment 0.065 70 0.200* 

Control 0.088 68 0.200* 

 

Table 5. The Result of The Homogeneity Test 

 Statistic of Levene df1 df2 Sig. 

N-Gain Based on Mean 0.951 1 136 0.331 

 

Table 5 shows that the base on average homogeneity test sig value is 0.331 > 0.05, so it can be stated 

that the N-Gain score is homogeneous, and thus, the qualifying CTS N-Gain score data was analyzed using 

the t-test. The test was carried out using the SPSS application, and the results are presented in Table 6. 

 

Table 6. Results of T-Test 

 

Equality of Means with T-test  

T df 
2-tailed 

Sig.  

Mean 

Diff 

Std. Er. 

Dif 

95% Confidence 

Interv. of the Dif. 

Low. Up. 

N-Gain 

Equal var. ass. -5.383 136 0.000 -0.14786 0.0274 -0.20218 -0.09354 

Equal var., not 

ass. 
-5.391 135.3 0.000 -0.14786 0.0274 -0.20210 -0.09362 

 

Table 6 shows a significant difference in the average N-Gain score between the two groups with a 

t-test sig value of 0.00 < 0.05. Because the average N-Gain score of the experimental group was 0.53 (table 

5), which was greater than the average N-Gain score of the control group of 0.38 (table 5), it can be 

concluded that learning Islamic integrative mathematics problems with STEM education frameworks is 

more effective than conventional learning toward improving mathematical CTS.  

In addition to examining the effectiveness of learning with Islamic integrative mathematics problems 

with STEM educational frameworks on improving CTS, this study also tests the effectiveness of learning 
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with Islamic integrative mathematics problems on five aspects of critical thinking: understanding problems, 

identifying information, validating arguments, concluding, and evaluating. The achievement of CTS in five 

aspects is elaborated in Table 7. 

 

Table 7. Critical Thinking Skills Achievement in Each Aspect 

Aspect 
Experiment Control 

Pretest Posttest Achievements Pretest Posttest Achievements 

Understanding the 

problem 
1.64 3.24 81% 2.37 3.26 82% 

Identify 

information 
1.99 3.34 84% 2.06 3.04 76% 

Argument 

validation 
1.16 2.81 70% 1.40 2.32 58% 

Drawing 

conclusions 
1.07 2.16 54% 1.10 2.07 52% 

Evaluation 0.97 2.06 51% 0.87 1.72 43% 

Average 1.37 2.72 68% 1.56 2.49 62% 

 

The achievement of CTS for each aspect in Table 7 shows that critical thinking in understanding 

problems between two groups is almost the same, at 81% and 82%. The achievement of information 

identification aspects of the learning with Islamic integrative mathematics problems with STEM 

educational frameworks was better than that of conventional learning, with percentages of 84% and 76%, 

respectively. Regarding argument validation, the achievement of learning with Islamic integrative 

mathematics problems with STEM educational frameworks was better than that of conventional learning, 

with percentages of 70% and 58%, respectively. Meanwhile, the achievement of concluding was 54% of 

the learning with Islamic integrative mathematics problems with STEM educational frameworks and 52% 

of the conventional learning, and the achievement of the evaluation aspect was 51% of the learning with 

Islamic integrative mathematics problems with STEM educational frameworks group and 43% of the 

conventional learning, respectively.  

In addition, the analysis of differences in improving CTS was also carried out on five aspects of 

CTS: understanding problems, identifying information, validating arguments, drawing conclusions, and 

evaluating. The N-Gain score data does not meet the requirements of normality, so the analysis of thinking 

improvement in five aspects uses the Mann-Whitney U test, and the results for understanding the problem 

are presented in Table 8. 

 

Table 8. The results of Mann-Whitney U (MWU) test each aspect of CTS 

 

N-Gain Aspects 

Understanding 

Problems 

Information 

Identification 

Argument 

Validation 
Concluding Evaluation 

Results of MWU 2083.000 1976.000 1358.000 2232.000 1872.000 

Results of Wilcoxon 

W 
4568.000 4322.000 3704.000 4578.000 4218.000 

Results of Z -1.285 -1.803 -4.448 -.652 -2.273 

Results of (2-tailed) 

Asymp. Sig. 
0.199 0.071 0.000 0.514 0.023 
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Table 8 shows no difference in critical thinking achievement in understanding the problem in two 

groups. That is inferred from the gist value of the Mann-Whitney U test, which is 0.199 > 0.05, and no 

difference in the improvement of critical thinking in information identification between the two groups 

because the sig value of the Mann-Whitney U test is 0.071 > 0.05. Meanwhile, the results of the Mann-

Whitney U test on the argument validation aspect in Table 8 state that there is a difference in the 

achievement of the validation aspect of the argument. The achievement of the argument validation of 

learning using Islamic integrative mathematics problems in STEM education is better than that of 

conventional learning. It is obtained from the sig value of the Mann-Whitney U test, 0.000 < 0.05. 

Just like in understanding problems and identifying information, there is no difference in concluding 

the learning with Islamic integrative mathematics problems in the framework of STEM education and 

conventional learning. Table 8 states that the sig value of the Mann-Whitney U test is 0.514 > 0.05. The 

last aspect of CTS is evaluation. The evaluation aspect of learning groups with Islamic integrative 

mathematics problems in STEM education is better than the achievement of conventional learning. The 

average N-Gain score in the evaluation aspect of learning groups with Islamic integrative mathematics 

problems in STEM education is greater than the average N-Gain score in conventional learning (in Table 

8), the sig value is 0.023 < 0.05. 

The results in Table 8 reinforce the research results of Priatna et al. 61 that learning in the STEM 

framework encourages students to discover STEM discipline concepts through constructive investigation 

so that students can construct CTS. These results are also supported by the research of Kasza and Slater 62, 

who found that the STEM education framework is superior to traditional learning because students actively 

solve problems with many theories. The results of the study are also supported by the findings of Bak and 

Kim 63 that the STEAM educational framework with its A, namely art, has a positive effect on creative 

problem-solving skills and scientific attitudes. Likewise, Mcdonald's 64 research results show that the 

STEM education framework significantly increases interest and motivation, 21st-century competence, 

reasoning, problem-solving, and creativity. Learning within the framework of STEM education not only 

increases interest in STEM fields but also significantly improves real problem-solving, collaboration, and 

critical and creative thinking skills 65. This result complements the findings of Fung et al. 66 that problem-

based learning can significantly improve the CTS of junior high school students. 

Table 7 shows that CTS is still moderate in the experimental and control groups, with an average of 

68% for the experimental and 62% for the control groups. The majority of students can achieve the aspects 

of understanding the problem, identifying information, and validating arguments for the experimental 

group, and the majority can achieve the aspects of understanding the problem and identifying information 

for the control group. These results correct the findings of Rahmawati et al. 67 that the CTS of junior high 

 
61 Nanang Priatna, Silviana Ayu Lorenzia, and Sri Adi Widodo, ‘STEM Education at Junior High School 

Mathematics Course for Improving the Mathematical Critical Thinking Skills’, Journal for the Education of Gifted 

Young Scientists, 8.3 (2020), pp. 1173–84, doi:10.17478/JEGYS.728209. 
62 Paul Kasza and Timothy F Slater, ‘A Survey of Best Practices and Key Learning Objectives for Successful 

Secondary School STEM Academy Settings’, Contemporary Issues in Education Research, 10.1 (2017), pp. 53–66. 
63 Bak and Kim. 
64 Christine V Mcdonald, ‘STEM Education: A Review of the Contribution of the Disciplines of Science, 

Technology, Engineering and Mathematics’, Science Education International, 27.4 (2016), pp. 530–69. 
65 Alpaslan Sahin, ‘The Role of Interdisciplinary Project-Based Learning in Integrated STEM Education’, 

Journal of STEM Education: Innovation and Research, 19 (2018). 
66 ‘Fostering Student Teachers’ 21st Century Skills by Using Flipped Learning by Teaching in STEM 

Education’, Eurasia Journal of Mathematics, Science and Technology Education, 18.12 (2022), 

doi:10.29333/EJMSTE/12728. 
67 Rahmawati, Ramadhani, and Afrizal. 
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school students is still in the low category. This result is in line with the findings of Rani et al. 68 that the 

achievement of critical thinking of junior high school students is still in the third stage of the five stages. 

The results of this study are also supported by Yanti & Prahmana 69, who state that the CTS of junior high 

school students is in the medium category with an average score of 71. 

In understanding the problem, there was no difference in score improvement between the 

experimental and control groups. As a result, learning integrative math problems with STEM frameworks 

is more effective than conventional learning in improving understanding of problems and developing CTS. 

This result follows the opinion of Rani et al. 70 that the majority of students can pass the stage of 

understanding the initial problem well. These results complement the findings of Putri et al. 71 that junior 

high school students reached the problem interpretation stage with an average of 85. Solving integrative 

problems encourages students to identify arguments, propose, evaluate evidence, establish conclusions, 

and test solutions 72. 

Regarding information identification, there was no difference in score improvement between the 

experimental and control groups. As a result, learning with integrative mathematical problems with STEM 

frameworks has the same effectiveness as conventional learning in improving the problem-identification 

aspect. This result is based on the opinion of Rani et al.73 that most students can pass the stage of identifying 

what is known and relevant from the information well. In line with the findings of Setiana et al. 74, high 

school students can reach the information identification stage in an excellent category. In solving problems, 

students get used to understanding problems carefully, exploring parts of the problem, considering the 

essential elements, and seeing the relationships between elements 75. 

In the validation of arguments aspect, the increase in the experimental group score was better than 

in the control group score. In other words, learning integrative mathematical problems with STEM 

frameworks is more effective than conventional learning in improving the validation aspect of arguments. 

The difference in the achievement of the argument validation stage occurs in the activity of proving the 

correctness of the argument presented. The students in the experimental group could present evidence well 

even though it was still not perfect, while the students in the control group could only make arguments 

without conveying proof of the truth. These findings are in line with the opinion of Facione 76 and Aswirna 

et al. 77 that integrative math problems encourage students to collaborate so that students can practice 

 
68 Harmia Rani, Tatag Yuli Eko Siswono, and Siti Khabibah, ‘Proses Berpikir Kritis Siswa Dengan Gaya 

Kognitif Field Independent Dan Field Dependent Dalam Mengajukan Masalah Matematika [Students’ Critical 

Thinking Process with Field-Independent and Field-Dependent Cognitive Styles in Asking Math Problems]’, 

Edukatif: Jurnal Ilmu Pendidikan [Journal of Educational Sciences], 4.4 (2022), pp. 5834–44, 

doi:10.31004/edukatif.v4i4.3275. 
69 Oktavia Filda Yanti and Rully Charitas Indra Prahmana, ‘Model Problem Based Learning, Guided Inquiry, 

Dan Kemampuan Berpikir Kritis Matematis [Problem Based Learning, Guided Inquiry, and Mathematical Critical 

Thinking Skills]’, Jurnal Review Pembelajaran Matematika [Journal of Mathematics Learning Review], 2.2 (2017), 

pp. 120–30, doi:10.15642/jrpm.2017.2.2.120-130. 
70 Rani, Siswono, and Khabibah. 
71 Anike Putri, Yenita Roza, and Maimunah Maimunah, ‘Development of Learning Tools with the Liscovery 

Learning Model to Improve the Critical Thinking Ability of Mathematics’, Journal of Educational Sciences, 4.1 

(2020), p. 83, doi:10.31258/jes.4.1.p.83-92. 
72 Sarah York and others, ‘Applications of Systems Thinking in STEM Education’, Journal of Chemical 

Education, 96.12 (2019), pp. 2742–51, doi:10.1021/acs.jchemed.9b00261. 
73 Rani, Siswono, and Khabibah. 
74 Setiana, Purwoko, and Sugiman. 
75 Ma Luisa Mariano-Dolesh and others, ‘Mindset and Levels of Conceptual Understanding in the Problem-

Solving of Preservice Mathematics Teachers in an Online Learning Environment’, International Journal of Learning, 

Teaching and Educational Research, 21.6 (2022), pp. 18–33, doi:10.26803/ijlter.21.6.2. 
76 Critical Thinking: What It Is and Why It Counts. 
77 ‘Implementation of STEM E-Module with SDGs Principle to Improve Science Literacy and Environment-
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communicating their ideas, questioning peer reasoning, defending opinions with critical arguments, and 

improving the thinking process based on peer opinions. Integrative math problems support students' 

creative thinking processes. 

In compiling conclusions, the increase in the experimental group score is the same as in the control 

group score. As a result, learning integrative mathematical problems with STEM frameworks is more 

effective than conventional learning in improving drawing conclusions and developing CTS. In this aspect, 

the experimental and control groups are in the low category. This finding follows the findings of Rani et 

al. 78  that the achievement of critical thinking of junior high school students is still in the third stage of the 

five stages. Students are encouraged to find multiple solutions and choose the most feasible and effective 

solution 79. Students are also required to find solutions that are not routine and adapt to various situations 
80. Improving CTS can be done by involving STEM-integrated math problems. 

Contextual problems are integrated with the framework of STEM education with significant 

improvement in CTS 81. Integral math problems in everyday contexts make learning more meaningful 82. 

Students will be directly and deeply involved in solving these problems. By being directly involved in the 

integrative problem-solving process, students are motivated to analyze the problem critically. Integrated 

problems within the framework of STEM education are often presented as diverse and complex, so students 

must actively engage with various views and situations 83. The problem's diversity and complexity require 

detailed analytical and thinking skills 84. These problems require students to master and be able to connect 

various disciplines of knowledge, in this case, STEM and Islamic disciplines (fiqh). 

Learning within the STEM education framework effectively improves CTS because learning is 

student-centred by encouraging engineering design and technology that affects critical thinking 85. The 

STEM education framework significantly contributes to developing higher-order thinking skills, such as 

critical thinking 86 Furthermore, Branch 87 research also found that project-based learning in the STEM 

education framework effectively develops mathematical skills. So did the research of Tytler et al. 88, who 

explained that learning with an integrated interdisciplinary approach such as STEM encourages the 

development of science and mathematics problem-solving skills. Integrative problems are designed to 

 
Friendly Attitudes in Terms of Gender’, JTK: Jurnal Tadris Kimia [Journal of Chemistry Education], 1.June (2022), 

pp. 64–77. 
78 Rani, Siswono, and Khabibah. 
79 Hui Fang Huang Su, Frederick A. Ricci, and Mamikon Mnatsakanian, ‘Mathematical Teaching Strategies: 

Pathways to Critical Thinking and Metacognition’, International Journal of Research in Education and Science, 2.1 

(2016), pp. 190–200, doi:10.21890/ijres.57796. 
80 Aik Ling Tan and others, ‘STEM Problem Solving: Inquiry, Concepts, and Reasoning’, Science and 

Education, 32.2 (2023), pp. 381–97, doi:10.1007/s11191-021-00310-2. 
81 Emily Anna Dare and others, ‘Beyond Content: The Role of Stem Disciplines, Real-World Problems, 21st 

Century Skills, and Stem Careers within Science Teachers’ Conceptions of Integrated Stem Education’, Education 

Sciences, 11.11 (2021), doi:10.3390/educsci11110737. 
82 Lisa Martin-hansen, ‘Examining Ways to Meaningfully Support Students in STEM’, International Journal 

of STEM Education, 5 (2018). 
83 Michalsky and Cohen. 
84 Aitzol Lasa, Jaione Abaurrea, and Haritz Iribas, ‘Mathematical Content on STEM Activities’, Journal on 

Mathematics Education, 11.3 (2020), pp. 333–46, doi:10.22342/JME.11.3.11327.333-346. 
85 Fung, Poon, and Ng. 
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87 Leah J Branch, ‘The Impact of Project-Based Learning and Technology on Student Achievement in 

Mathematics’, in New Media, Knowledge Practices and Multiliteracies (Springer, 2015), pp. 259–68, 

doi:10.1007/978-981-287-209-8. 
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involve several disciplines, especially STEM, and are presented as real-world problems 89. Problems are 

presented in a non-routine form that requires new ideas from students to solve them 90. The effectiveness 

of integrative math problems with STEM frameworks because students are active in solving complex real-

world problems 91.  

STEM education has effectively influenced the understanding of mathematical content and 

mathematical thinking 92. Implementing the STEM education framework must start from primary education 

to foster interest in STEM fields 93 and later catch up with other nations. Learning activities that need to be 

designed by teachers include: 1) designing problems, namely compiling and establishing integrative 

problems that are suitable for students' daily lives and encouraging future career interests 94, 2) facilitating 

learning by emphasizing the discovery process, namely providing a space for students to submit questions, 

exploring problems and information, and conducting an investigation process to get solutions 95, 3) 

providing scaffolding, namely: preparing alternative activities to help students when experiencing 

difficulties 96, and 4) encouraging the reflection process: facilitating students to evaluate themselves on 

solutions and investigation strategies carried out critically 97. Learning that integrates integrative problems 

in STEM education creates a diverse learning environment and encourages students to engage their 

understanding critically in the problem-solving process. 

 

CONCLUSION 

Based on the results and discussion, it can be concluded that: 1) learning with Islamic integrative 

mathematics problems with a STEM educational framework is effective in improving overall CTS, 2) in 

the aspect of understanding problems, learning with Islamic integrative mathematics problems with a 

STEM educational framework is not more effective than conventional learning, 3) in the aspect of 

information identification, learning with Islamic integrative mathematics problems with a framework 
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STEM education is not more effective than regular learning, 4) in the aspect of argument validation, 

learning with Islamic integrative mathematics problems with the STEM educational framework is more 

effective than regular learning, 5) in the aspect of drawing conclusions, learning with Islamic integrative 

mathematics problems with the STEM educational framework is not more effective than conventional 

learning, and 6) in the evaluation aspect, learning with Islamic integrative mathematics problems with a 

STEM educational framework is more effective compared to conventional learning. 

Learning within the framework of STEM education must continue to be implemented in 

learning with various learning methods. The STEM education framework can be explored by 

integrating it into religious (Islamic) or art lessons and other 21st-century skills such as financial 

and digital literacy, computational thinking, creative thinking, or character. This study provides 

valuable findings on the impact of learning with integrative math problems on critical thinking 

skills. The results of this study have several impacts on mathematics learning at the junior high 

school level, especially in Islamic junior high schools (MTs). First, the finding is that learning 

mathematics is more meaningful if it is directly related to its application in various disciplines, in 

this case, STEM and Islamic disciplines. Second, the results of the study show that critical thinking 

skills, which are important competencies of the 21st century, can be trained in students with the 

right learning strategies. Another implication is that learning with a STEM education framework 

can be considered to be included in the school curriculum which can be done in the form of a 

project to strengthen the Pancasila student profile (P5) and the rahmatan lil ‘alamin student 

profile. However, this study has some limitations. First, this study involved 2 Madrasah 

Tsanawiyah (Islamic junior high schools), so these findings may not be generalized to a wider 

population, especially general junior high schools. Second, this research uses integrative problems 

in space-building materials that are integrated with science, technology, and fiqh (Islam). So it 

may have a different impact if you use other more abstract mathematical materials such as algebra, 

function limits, or function derivatives. 
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