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ABSTRACT 

 
This study examined a STEM-C (Science, Technology, Engineering, Mathematics, and Character) learning model for 

developing 21st-century skills and supporting Islamic character development among fifth-grade students in 

Muhammadiyah elementary schools in West Java. An embedded experimental mixed-methods design was used, with 

a quasi-experimental quantitative component and qualitative observations and interviews. The quantitative sample 

comprised 216 students from four schools selected from an eight-school sampling frame. The ANCOVA showed a 

significant class effect after controlling for pretest scores, F(1, 213) = 28.711, p < .001, with a partial eta squared 

of .119. The adjusted model explained 20.3% of the variance (adjusted R² = .203). Student responses to the 14-item 

Likert questionnaire averaged 83.27%; the highest aspect was Islamic character (88.50%) and the lowest was 

communication (78.00%). Qualitative observations and interviews indicated active collaboration, problem-solving, 

and the application of values such as honesty and responsibility, while also identifying teacher guidance, time 

constraints, and technical difficulties as implementation challenges. The study contributes an empirically examined 

STEM-C implementation in Muhammadiyah elementary schools in which Islamic and Muhammadiyah values are 

integrated into contextual project activities. The findings support the use of STEM-C as a learning model while 

indicating that claims about long-term character change require further longitudinal and performance-based 

assessment. 
 

Keywords: STEM-C learning model, 21st-century skills, 4C, Islamic character, Muhammadiyah elementary schools, 

mixed methods. 
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INTRODUCTION 

Basic education in Indonesia faces persistent challenges in developing the competencies needed for 

contemporary learning. PISA 2022 reported Indonesian scores of 371 in reading, 379 in mathematics, and 

383 in science, all below the OECD average1. Within Muhammadiyah education, these challenges are 

accompanied by the need to maintain an explicit Islamic educational identity2. DapodikMu reports 56 

Muhammadiyah elementary schools in West Java, indicating a substantial institutional context in which 

academic competency and Islamic values are developed together. 

STEM is commonly used to organize learning around inquiry, problem solving, design, and the 

application of science and mathematics to contextual problems3. Research has associated STEM-oriented 

learning with the development of 21st-century competencies, including critical thinking, creativity, 

collaboration, and communication. However, the character dimension is not necessarily integrated into the 

same instructional process4. In the present study, STEM-C refers specifically to a learning model in which 

science, technology, engineering, and mathematics activities are accompanied by explicit character 

integration rather than treating character education as a separate instructional component5. 
The conceptual basis of the model combines integrated STEM learning with character education6. 

The STEM component provides the cognitive and procedural structure for contextual problem solving and 

project work, while the Character component provides an ethical frame for how students conduct and 

reflect on scientific activities7. In the Muhammadiyah context, the observed character dimensions included 

honesty in reporting project results, responsibility for assigned tasks, discipline, respect for peers, and 

gratitude to Allah SWT8. This framing distinguishes the present implementation from STEM applications 

in which character is discussed only as a general outcome or hidden curriculum9. 
Previous studies provide evidence that STEM and related STEM-C or STEAM-C interventions can 

support selected cognitive, social, and character outcomes, but the available literature identified in this 

study leaves an empirical gap concerning the implementation of a STEM-C learning model that explicitly 

embeds Islamic and Muhammadiyah values in elementary-school project activities. A second gap concerns 

the mixed-methods explanation of how students experience the model and what implementation constraints 

accompany quantitative changes in 21st-century skills10. Thus, the novelty claimed here is contextual and 

instructional rather than a claim that the general idea of integrating STEM and character is entirely new11. 

 
1 Vidujith Vithanage and Nicola Nakashima, ‘Evaluating the Effectiveness of a Project-Based Stem Curriculum in 

the Acquisition and Development of 4Cs of 21st-Century Skills’, School Science and Mathematics, n/a.n/a 

<https://doi.org/https://doi.org/10.1111/ssm.18388>; Kristin Tenney and others, ‘Conceptualizations and Limitations 

of STEM Literacy across Learning Theories’, Journal of Microbiology \&amp; Biology Education, 24.1 (2023), 

e00168-22 <https://doi.org/10.1128/jmbe.00168-22>. 
2 Tenney and others. 
3 Achmad Khudori Soleh, ‘QUANTUM INTEGRATION MODEL FOR Achmad Khudori Soleh Faculty of 

Psychology . Universitas Islam Negeri Maulana’, 25.2 (2023), 257–90. 
4 Hizir Sofyan and others, ‘The Integration of STEMC in Indonesia: Current Status and Future Prospects’, in 2021 

2nd SEA-STEM International Conference (SEA-STEM), 2021, pp. 177–80 <https://doi.org/10.1109/SEA-

STEM53614.2021.9668108>; Cypriot Journal and others, ‘Cypriot Journal of Educational Achievement , Reflective 

Thinking Skills towards Problem Solving And’, 13.May (2018), 94–107. 
5 Journal and others. 
6 Sofyan and others. 
7 Abdur Rasyid, Rinto Rinto, and Mulia Susanti, ‘Project-Based Learning through the STEM Approach in Elementary 

Schools: How to Improve Problem-Solving Ability’, Journal of Education For Sustainable Innovation, 1.1 (2023), 

1–8 <https://doi.org/10.56916/jesi.v1i1.477>. 
8 Olga Pierrakos and others, ‘An Exploratory Investigation on the Use of Situational Judgement Tests to Cultivate 

Character and Evaluate Character in Engineering Learning Environments’, in 2025 IEEE Frontiers in Education 

Conference (FIE), 2025, pp. 1–9 <https://doi.org/10.1109/FIE63693.2025.11328159>. 
9 Francisco Pérez Peña and others, ‘General Aspects of the Use of Mixed Methods for Health Research’, Medwave, 

23.10 (2023), 1–8 <https://doi.org/10.5867/medwave.2023.10.2767>. 
10 OECD 2023, ‘PISA 2022 Results – Country Note: Indonesia’, OECD Publishing, 2023, 10. 
11 Logan T. Murry and others, ‘Integration in Mixed-Methods Studies: Existing Practices, Considerations and 

Recommendations for Pharmacy Research’, International Journal of Pharmacy Practice, 31.4 (2023), 431–37 
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This study therefore examines whether implementation of the STEM-C learning model is associated 

with differences in 21st-century skills between experimental and control groups after controlling for pretest 

scores, and how observations, interviews, and student responses explain the quantitative findings12. The 

study also examines how Islamic character is manifested during learning activities.13 By separating 

measured cognitive outcomes from observed and perceived character indicators, the study aims to provide 

a more evidence-based account of STEM-C implementation in Muhammadiyah elementary schools. 

The research gap is therefore specific: empirical evidence is limited on how Islamic and 

Muhammadiyah values can be operationalized within STEM-C project activities at the elementary level 

and interpreted alongside quantitative 4C outcomes14. The present study addresses this gap through an 

embedded mixed-methods design in which qualitative evidence is collected during and after the 

intervention to explain the quantitative experiment15. 

The objective of this study was to examine the STEM-C learning model as implemented in 

Muhammadiyah elementary schools in West Java, with particular attention to 21st-century skills, student 

responses, and observed expressions of Islamic character16. The contribution is an empirical description of 

how the model operates in this religious-school context and of the conditions and limitations that 

accompany its implementation17. 

 

METHODS 

This study used an embedded experimental mixed-methods design18. The quantitative component 

was the primary strand and used a quasi-experimental comparison of an experimental group receiving the 

STEM-C learning model and a control group receiving conventional learning19. Qualitative data were 

embedded within the experiment rather than conducted as an independent parallel study: observations were 

collected during implementation and interviews were conducted after the intervention to explain classroom 

processes, student experiences, and implementation constraints20. In the terminology of Creswell and Plano 

Clark, the design is an experimental mixed-methods structure in which qualitative information is embedded 

in a predominantly quantitative study21. The study was conducted over an eight-month period (2025–2026) 

in Muhammadiyah elementary schools in West Java22. 

 
<https://doi.org/10.1093/ijpp/riad033>. 
12 Semahat Incikabi and Oktay Erbay, ‘Mathematical Coherence in Science Education: Exploring Curriculum 

Alignment and Student Achievement in Middle School’, Frontiers in Psychology, 16.December (2025), 1–12 

<https://doi.org/10.3389/fpsyg.2025.1709950>. 
13 Constance Van Horne and Tzipora Rakedzon, ‘Teamwork Made in China: Soft Skill Development with a Side of 

Friendship in the STEM Classroom’, Education Sciences, 14.3 (2024) <https://doi.org/10.3390/educsci14030248>. 
14 Reolyn Heymann, Estelle Taylor, and Japie Greeff, ‘Investigating and Comparing Approaches to Ethics Education 

in Computer Science and Engineering Disciplines’, in 2025 IEEE Global Engineering Education Conference 

(EDUCON), 2025, pp. 1–10 <https://doi.org/10.1109/EDUCON62633.2025.11016347>. 
15 Suci Fajrina, Lufri Lufri, and Yuni Ahda, ‘Science, Technology, Engineering, and Mathematics (STEM) as a 

Learning Approach to Improve 21st Century Skills: A Review’, International Journal of Online and Biomedical 

Engineering, 16.7 (2020), 95–104 <https://doi.org/10.3991/ijoe.v16i07.14101>. 
16 Fajrina, Lufri, and Ahda. 
17 Fajrina, Lufri, and Ahda. 
18 Samantha Danielle Minc and others, ‘Mixed Methods Research: A Primer for the Vascular Surgeon’, Seminars in 

Vascular Surgery, 35.4 (2022), 447–55 <https://doi.org/https://doi.org/10.1053/j.semvascsurg.2022.09.003>. 
19 Samantha Danielle Minc and others, ‘Mixed Methods Research: A Primer for the Vascular Surgeon’, Seminars in 

Vascular Surgery, 35.4 (2022), 447–55 <https://doi.org/https://doi.org/10.1053/j.semvascsurg.2022.09.003>. 
20 Christopher Koch, ‘Chapter 96 - Mixed Methods in Concussion Research’, in Translational Sports Medicine, ed. 

by Adam E M Eltorai and others, Handbook for Designing and Conducting Clinical and Translational Research 

(Academic Press, 2023), pp. 479–82 <https://doi.org/https://doi.org/10.1016/B978-0-323-91259-4.00040-0>. 
21 Minc and others, ‘Mixed Methods Research: A Primer for the Vascular Surgeon’. 
22 Minc and others, ‘Mixed Methods Research: A Primer for the Vascular Surgeon’. 
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The sampling procedure was conducted in two stages to resolve the distinction between convenience 

and probability sampling. First, an eight-school sampling frame was formed from Muhammadiyah 

elementary schools that were administratively accessible and ready to participate. The eight schools 

represented four geographic clusters: Bekasi (Muhammadiyah Elementary School 47 and 09), Tasikmalaya 

(Muhammadiyah Elementary School Tawang and Singaparna), Bandung (Muhammadiyah Elementary 

School 4 and 5), and Cirebon (Muhammadiyah Elementary School 1 and 3). Second, four schools were 

selected from this eight-school frame using cluster random sampling. Thus, convenience sampling 

describes formation of the eligible sampling frame, whereas cluster random sampling describes the 

selection of the four participating schools. 

The four selected schools were organized into two experimental schools and two control schools. 

The study therefore does not claim that the four schools represent all Muhammadiyah elementary schools 

in West Java statistically. The population context consists of 56 Muhammadiyah elementary schools 

reported by DapodikMu, while the available study data do not provide the total number of students in that 

population. Consequently, generalization should be limited to the participating school context and 

interpreted with caution. 

All fifth-grade students in the four selected schools participated in the quantitative field trial, 

producing 216 students (115 experimental and 101 control). Fifth-grade teachers and school principals 

contributed qualitative information through interviews. The experimental group received STEM-C 

integrated learning through contextual project activities; the control group continued conventional learning. 

The supplied research record specifies an eight-month study period but does not provide a reliable session-

by-session frequency or a complete intervention schedule. Accordingly, no unsupported number of 

sessions is added in this revision. 

The study used quantitative and qualitative instruments. The quantitative outcome instrument 

consisted of a 20-item multiple-choice test developed from indicators related to critical thinking, creativity, 

collaboration, and communication23. Because multiple-choice items primarily capture cognitive 

performance, the present revision does not treat them as direct behavioral measures of collaboration and 

communication24. These social dimensions, together with Islamic character indicators, were examined 

through observation sheets, interviews, and the 14-item student response questionnaire. The instruments 

underwent expert judgment and empirical item analysis; 20 items were retained after validity, reliability, 

discrimination, and difficulty analyses. 

The research process follows the Embedded Experimental design presented in the figure25: 26 

 
Figure 1. Research Flowchart 

 

The embedded procedure comprised four phases: (1) qualitative observation before the intervention 

 
23 Koch. 
24 Aeron Vince Fajardo and others, ‘Enhancing STEM Education Through an Augmented Reality-Integrated Hybrid 

Learning Model and Learning Management Systems’, in 2025 International Conference on Engineering and 

Emerging Technologies (ICEET), 2025, pp. 1–6 <https://doi.org/10.1109/ICEET67911.2025.11424123>. 
25 Minc and others, ‘Mixed Methods Research: A Primer for the Vascular Surgeon’. 
26 Minc and others, ‘Mixed Methods Research: A Primer for the Vascular Surgeon’. 
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for needs analysis; (2) pre-measurement of students’ initial abilities; (3) STEM-C intervention 

accompanied by qualitative observation; and (4) post-measurement followed by qualitative inquiry and 

integrated interpretation27. Thus, qualitative data were positioned before and during the intervention to 

document context and implementation, and after the intervention to explain student and teacher 

experiences28. The qualitative strand was embedded within the quantitative experiment rather than treated 

as a separate intervention29. 

 

Data Collection Procedures  

1. Quantitative Data Collection Process  

All 216 students completed a pretest before the intervention and a posttest after the intervention. The 

experimental group participated in STEM-C project activities, while the control group received 

conventional instruction. The same outcome construct was assessed before and after the intervention to 

permit ANCOVA using the pretest as a covariate30. 

The quantitative test comprised 20 multiple-choice items aligned with indicators for critical thinking, 

creativity, collaboration, and communication. The indicators were operationalized as follows: critical 

thinking involved identifying and analyzing problems and evaluating solutions; creativity involved 

generating, varying, and elaborating possible solutions; collaboration involved participation, role sharing, 

responsibility, and response to group differences; and communication involved explaining ideas, 

responding to others, and presenting project results. Because the test format is primarily cognitive, evidence 

for collaboration and communication is interpreted together with the observation and questionnaire data 

rather than as a direct behavioral score31. 

To ensure the quality and accuracy of the measurement tools, the test instruments underwent a 

theoretical validation process through consultation with experts (expert judgment). After being deemed 

theoretically sound, the instruments were then empirically tested in the field. The data from these trials are 

then statistically analyzed to assess the quality of each test item, including validity testing, reliability 

estimation, discrimination index calculation, and difficulty level analysis. Based on this series of 

preliminary instrument tests, 20 test items were selected that were deemed valid and met the standards for 

use in the actual research data collection phase32.  

During the intervention, the experimental group received the STEM-C learning model and the 

control group received conventional learning33. At posttest, students completed the 21st-century skills test 

and a 14-item student response questionnaire using a 1–4 Likert scale. Questionnaire results were 

summarized by indicator and overall percentage to describe student perceptions of the learning experience. 

The questionnaire was not used as evidence of actual long-term character change34. 

 

 
27 Minc and others, ‘Mixed Methods Research: A Primer for the Vascular Surgeon’. 
28 Minc and others, ‘Mixed Methods Research: A Primer for the Vascular Surgeon’. 
29 Koch. 
30 Fajardo and others. 
31 Terceme- İ Şakâ İ K İ, Tarjama Shaqâ, and I Q Al-nu Mâniyah, ‘H İ KMET-Akadem i k Edeb i Yat Derg i s i 

[Journal of Academic Literature] Yıl 6, SAYI 13, GÜZ 2020’, 13.December (2020), 359–84. 
32 Ronnakrit Chaithong and others, ‘UV-Visible Spectrophotometric Inquiry-Based Learning via STEM CAMP: 

Imitation of Syrup Drinks’, in 2021 6th International STEM Education Conference (ISTEM-Ed), 2021, pp. 1–4 

<https://doi.org/10.1109/iSTEM-Ed52129.2021.9625151>. 
33 Setyo Eko Atmojo and others, ‘Effects of Hybrid STEM Learning on 21st-Century Skills and Character 

Development in Prospective Elementary Teachers: A Mixed-Methods Study from Indonesia’, Qubahan Academic 

Journal, 5.2 (2025), 384–401 <https://doi.org/10.48161/qaj.v5n2a1716>. 
34 Francisca Beroíza-Valenzuela, Natalia Salas-Guzmán, and David Huepe, ‘Bridging Gaps: The Role of Gender and 

Team Composition in Collective Intelligence within STEM Education’, Cogent Education, 12.1 (2025) 

<https://doi.org/10.1080/2331186X.2024.2439655>. 
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2. The Qualitative Data Collection Process 

The qualitative strand was embedded in the quantitative experiment to explain how the STEM-C 

model was implemented and how students experienced it35. Qualitative evidence consisted of non-

participant observations during intervention and semi-structured interviews after the intervention36. 

 

3. Observations (During the Intervention)  

The researcher acted as a non-participant observer throughout the STEM-C learning process37. The 

observations focused on the accuracy of the teachers’ implementation of the modules and the students’ 

responses to the material38. Observation sheets and field notes were used to record the dynamics of student 

interactions, any technical difficulties that arose, and the students’ behavior during the project activities39. 

  

4. Semi-Structured Interview (Post-Intervention)  

In-depth interviews were conducted after the post-test with student and teacher representatives from 

the experimental group. Interview subjects were selected using purposive sampling based on post-test score 

variation (high, medium, low)40. The interviews aimed to explore in-depth perceptions regarding the 

STEM-C learning experience. The interviews were recorded using an audio recorder with the participants’ 

consent and were subsequently transcribed and analyzed41.  

Quantitative analysis included normality and homogeneity checks followed by ANCOVA, with 

posttest 21st-century skills as the dependent variable, class (experimental/control) as the main factor, and 

pretest score as the covariate. Statistical significance was evaluated at α = .05. For the class effect, partial 

eta squared was calculated from the reported ANCOVA F statistic and degrees of freedom. Model fit was 

interpreted using R² and adjusted R². Questionnaire data were summarized by aspect and percentage, with 

attention to differences among critical thinking, communication, collaboration, creativity, and Islamic 

character42. Qualitative observations and interviews were analyzed descriptively and then integrated with 

the quantitative findings to explain convergence, variation, and implementation constraints. No causal 

claim was made from qualitative evidence alone43. 

 

RESULTS AND DISCUSSION 

The findings are reported in three linked components: quantitative changes in the 21st-century skills 

outcome, student responses to the learning model, and qualitative evidence concerning classroom processes 

and Islamic character indicators. 

 

Quantitative Data Analysis  

Quantitative analysis began with tests of the assumptions for parametric analysis. The Kolmogorov–

Smirnov results in Table 1 showed significance values above .05 for the experimental and control pretest 

 
35 Minc and others, ‘Mixed Methods Research: A Primer for the Vascular Surgeon’. 
36 Minc and others, ‘Mixed Methods Research: A Primer for the Vascular Surgeon’. 
37 Eko Atmojo and others. 
38 Minc and others, ‘Mixed Methods Research: A Primer for the Vascular Surgeon’. 
39 Koch. 
40 Davi Apriandi and others, ‘Development and Effectiveness of STEAM-C Integrated Learning Devices to Improve 

Students’ Creative Thinking Skills in Specific Cultural Context’, Journal of Learning for Development, 10.3 (2023), 

440–51 <https://doi.org/10.56059/jl4d.v10i3.813>. 
41 S. Ammon and others, ‘The Berlin Ethics Certificate: Conceptualizing Interdisciplinarity As a Core Building Block 

of Ethics in Engineering Education’, SEFI 2022 - 50th Annual Conference of the European Society for Engineering 

Education, Proceedings, 2022, 913–24 <https://doi.org/10.5821/conference-9788412322262.1422>. 
42 Minc and others, ‘Mixed Methods Research: A Primer for the Vascular Surgeon’. 
43 Minc and others, ‘Mixed Methods Research: A Primer for the Vascular Surgeon’. 
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and posttest scores, supporting the normality assumption. Levene’s test in Table 2 also showed p > .05 for 

the pretest and posttest, indicating homogeneous variances between groups. 

The normality of the data in this study was tested using the Kolmogorov-Smirnov test. The decision 

criteria were based on the probability value (significance). If the probability value is greater than 0.05 (p > 

0.05), the data distribution is considered normal. Conversely, if the probability value is less than 0.05 (p < 

0.05), the data is considered not normally distributed. The results of this normality assumption test will 

serve as the basis for determining the subsequent hypothesis testing technique. If the data is proven to be 

normally distributed, the data analysis will proceed using parametric statistical tests. However, if the data 

does not meet the assumption of normality, the data analysis will use non-parametric statistical tests as an 

alternative.  

Table 1. Results of the Normality Test for 21st-Century Skills 

 
Class 

Kolmogorov–Smirnov 
Conclusion 

Statistic df Sig. 
21st-Century Skills Experimental pretest ,72 115 ,200* Data are normally distributed  

Experimental Posttest  ,68 115 ,154 Data are normally distributed 

Control Pretest   ,81 101 ,151 Data are normally distributed 

Control Posttest ,75 101 ,121 Data are normally distributed 

a. Liliefors Significance Corection 

 

All reported Kolmogorov–Smirnov significance values were greater than .05; therefore, the 

normality assumption was considered satisfied for the subsequent ANCOVA. 

 

Table 2. Results of the Homogeneity Test for 21st-Century Skills 

1  Levene Statistic Df1 Df2 sig 

21st-Century 

Skills Pretest   

 

Based on mean ,732 1 214 , 393 

Based on median ,685 1 214 ,409 

Based on median and with 

adjusted df 
,685 1 212,441 ,410 

Based on trimmed mean ,710 1 214 ,401 

21st-Century 

Skills Posttest  

 

Based on mean 1,245 1 214 ,266 

Based on median 1,180 1 214 ,278 

Based on median and with 

adjusted df 
1,180 1 213,002 ,279 

Based on trimmed mean 1,210 1 214 ,271 

 

Levene’s test was non-significant for both the pretest (p = .393) and posttest (p = .266), supporting 

the assumption of homogeneous variances. 

 

Table 3. Results of the ANCOVA Test for 21st-Century Skills 

Source 
Type III Sum of 

Squares 
df Mean Square F Sig. 

Corrected Model 1,213.457a 2 606.729 28.309 < .001 

Intercept 84.520.125 1 84.520.125 3.943.641 < .001 

21st-Century Skills Pretest 598.115 1 598.115 27.908 < .001 

Class 615.342 1 615.342 28.711 < .001 

Error 4,565.016 213 21.432   

Total 90.298.598 216    

Corrected Total 5,778.473 215    
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The ANCOVA results in Table 3 showed a significant class effect after controlling for pretest scores, 

F(1, 213) = 28.711, p < .001. The corresponding partial eta squared was .119, indicating that the class 

effect accounted for approximately 11.9% of the variance in the outcome after adjustment for the covariate. 

The pretest covariate was also significant, F(1, 213) = 27.908, p < .001, indicating that students’ initial 

scores were related to posttest performance. The overall model was significant, F(2, 213) = 28.309, p < 

.001, with R² = .210 and adjusted R² = .203; thus, the model accounted for 20.3% of the adjusted variance 

in the outcome. These results establish a statistically significant group difference after adjustment, but they 

do not by themselves establish long-term character change or academic achievement effects. 

 

Table 4. Categorization of Survey Response Percentages 

Percentage (%) Category 

81–100 Excellent 

61–80 Good 

41–60 Fair 

21–40 Poor 

0–20 Very Poor 

 

The 14 questionnaire items were aggregated by assessed aspect and converted to percentages. The 

categorization criteria are presented in Table 4, while the observed aspect-level results are presented in 

Table 5. 

Table 5. Results of the Analysis of Student Responses 

Assessed Aspects  Statement Number Percentage (%) Category 

Critical Thinking 1,2,3 82,50% Excellent 

Communication 4,5,6 78,00% Good 

Collaboration 7,8,9 85,25% Excellent 

Creativity 10, 11, 12 82,10% Excellent 

Islamic Character 13,14 88,50% Excellent 

Overall Average  83.27 Excellent 

 

The overall student response was 83.27%, classified as Excellent under the criteria in Table 4. This 

percentage represents students’ perceptions of the learning experience rather than an independent measure 

of learning effectiveness or character change. 

The highest response was for Islamic character (88.50%), followed by collaboration (85.25%), 

critical thinking (82.50%), and creativity (82.10%). Communication was the lowest aspect at 78.00%, 

although it remained within the Good category. The pattern suggests stronger perceived support for 

character-related and collaborative dimensions than for communication, which is consistent with the 

qualitative observation that some students still required teacher guidance when presenting or expressing 

ideas. 

The aspect-level pattern provides a more differentiated interpretation than the overall percentage 

alone. In particular, communication was 10.50 percentage points below Islamic character (78.00% versus 

88.50%). The questionnaire therefore indicates generally positive perceptions but also identifies 

communication as an area requiring further instructional practice. Because the questionnaire is perceptual, 

these percentages are not interpreted as evidence of proportional changes in students’ actual behavior. 

 

Qualitative Data Analysis  

1. Results of the Analysis of STEM-C Learning Observations  

Qualitative data from non-participant observation were analyzed descriptively to examine classroom 

dynamics, implementation fidelity, and manifestations of 4C and character indicators. The observations 
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were used to explain the quantitative findings rather than to verify statistical effect size. 

Observations indicated active participation during project activities. Collaboration was visible 

through discussion and role distribution, while communication developed unevenly because some students 

still required teacher guidance during presentations. Critical thinking and creativity were observed when 

students encountered technical problems and considered alternative solutions. These observations provide 

contextual support for the quantitative findings but do not establish a direct causal relationship between 

score changes and behavioral change. 

Character-related observations included responsibility for assigned tasks, honesty in reporting 

project results, respect for peers during differences of opinion, and expressions of gratitude to Allah SWT. 

These observations were treated as manifestations observed during the intervention rather than as evidence 

of stable or long-term character development. 

The qualitative evidence therefore showed convergence with some quantitative patterns, particularly 

collaboration and the need to strengthen communication. At the same time, the observations identified 

implementation constraints, including the need for teacher guidance and technical difficulties during 

project construction. These variations qualify the interpretation of the overall positive findings. 

 

2. Results of In-Depth Interviews 

Semi-structured interviews were conducted with teacher and student representatives from the 

experimental group. Student participants were selected purposively to reflect high, moderate, and low 

posttest score categories. The interview evidence was used to explain students’ experiences and perceived 

mechanisms rather than to quantify change in character or 4C performance. 

Students described project failure as an opportunity to identify causes and consider alternative 

solutions. One high-scoring student reported revising project dimensions and materials after an initial 

failure. This account illustrates how the project context can create opportunities for problem solving and 

persistence, but a single quotation cannot be generalized to all students. 

Interviews also described experiences of collaboration and communication. A student from the 

intermediate category reported becoming more willing to speak in front of classmates after sharing 

presentation responsibilities with group members. This account is consistent with the observation that 

collaboration was relatively prominent, while communication still required continued practice. 

Regarding Islamic character, interview data included examples of honesty in reporting failed 

experiments and gratitude after successful problem solving. These statements illustrate how values were 

discussed and enacted in particular learning situations. They should not be interpreted as evidence that the 

intervention produced permanent changes in students’ character. 

Teachers and students identified time management and technical difficulties during the early stages 

of project construction as implementation challenges. These findings indicate that the model requires 

adequate instructional time, teacher facilitation, and technical support. 

Overall, the qualitative strand provided explanatory context for the quantitative results while also 

identifying variation and constraints. The evidence supports the interpretation that STEM-C created 

opportunities for collaboration, problem solving, communication practice, and value application, but it 

does not establish that these outcomes changed in direct proportion to the quantitative score difference or 

persisted after the intervention. 

 

Discussion 

The quantitative findings indicate that the experimental and control groups differed significantly in 

posttest 21st-century skills after adjustment for pretest scores, F(1, 213) = 28.711, p < .001, partial η² = 

.119. The significant pretest covariate indicates that initial ability remained relevant to posttest 

performance. The adjusted R² of .203 indicates that the model explained 20.3% of the adjusted variance, 
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leaving substantial variation unexplained. Therefore, the finding should be interpreted as evidence of a 

statistically detectable class effect within the study rather than as proof that STEM-C alone accounts for 

all observed differences. 

The qualitative evidence helps explain why the project-based structure may have supported 4C-

related learning. Contextual project tasks required students to discuss problems, divide responsibilities, test 

designs, and revise solutions after technical failures. Such activities are consistent with STEM literature 

emphasizing inquiry, design, and real-world problem solving as mechanisms for developing higher-order 

skills. However, the lowest questionnaire score occurred for communication (78.00%), and observations 

noted that some students still required teacher guidance during presentations. Thus, the model appears to 

create opportunities for communication practice, but the evidence does not justify treating communication 

as uniformly improved44. 

The collaboration findings can similarly be interpreted as a process feature of project work rather 

than as proof of a generalized behavioral transformation. Students reported dividing presentation and 

project responsibilities, and observations documented group discussion and role distribution. These 

processes are compatible with research emphasizing teamwork in STEM learning. The questionnaire result 

for collaboration (85.25%) was higher than communication (78.00%), suggesting that students perceived 

group participation more positively than oral expression. This difference is important because it shows that 

the four dimensions of 4C did not develop uniformly in the available evidence. 

The Character component provides the contextual contribution of the model. Honesty, 

responsibility, respect, and gratitude were incorporated into project activities and appeared in observations 

and interview accounts. The highest questionnaire percentage was for Islamic character (88.50%). 

Nevertheless, this evidence represents perceptions and observed instances during the intervention; it does 

not constitute a validated longitudinal measure of character change. The contribution of STEM-C is 

therefore better described as creating structured opportunities for students to practice and discuss Islamic 

and Muhammadiyah values while engaging in scientific and engineering activities. 

The mixed-methods integration indicates convergence at the level of learning processes: quantitative 

results showed a significant adjusted class difference, while qualitative data described mechanisms and 

conditions that may help explain that difference, including project problem solving, role distribution, 

presentation practice, and teacher facilitation45. The qualitative strand also identified time constraints and 

technical difficulties, preventing an exclusively positive interpretation46. The study’s contextual novelty 

lies in examining these processes within Muhammadiyah elementary schools and explicitly connecting 

project work with Islamic and Muhammadiyah values. The main limitations are the absence of group-level 

pretest and posttest descriptive statistics in the available statistical output, the use of a multiple-choice test 

that cannot directly capture all behavioral dimensions of 4C, the limited school sample, and the short-term 

nature of the character evidence. Future studies should include performance-based 4C assessment, 

validated character measures, estimated marginal means with confidence intervals, and longitudinal 

follow-up47. 

 

 
44 İ, Shaqâ, and Mâniyah. 
45 Chen Yuanyuan, Wu Keying, and Jiang Wenqi, ‘Rethinking and Exploring the Ethics of Artificial Intelligence 

Applications in Education’, in 2025 5th International Conference on Artificial Intelligence and Education (ICAIE), 

2025, pp. 745–49 <https://doi.org/10.1109/ICAIE64856.2025.11158488>. 
46 M. Imam Yusuf Wibisono, Nunuk Hariyati, and Mochamad Nursalim, ‘Management Strategies for Strengthening 

the Indonesian Pancasila Student Profile to Enhance Character Education in the 21st Century’, Multidisciplinary 

Science Journal, 8.10 (2026) <https://doi.org/10.31893/multiscience.2026637>. 
47 Yiming Wang, ‘The Application of Big Data Visualization in Classroom Teaching Design Integrated Vocational 

Education and Moral Education’, Advances in Transdisciplinary Engineering, 65 (2025), 542–49 

<https://doi.org/10.3233/ATDE250167>. 
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CONCLUSION   

The STEM-C learning model was associated with a significant difference in 21st-century skills 

between the experimental and control groups after controlling for pretest scores, F(1, 213) = 28.711, p < 

.001, partial η² = .119. The overall model explained 20.3% of adjusted variance. Student responses were 

generally positive (83.27%), with Islamic character receiving the highest aspect percentage (88.50%) and 

communication the lowest (78.00%). Qualitative evidence indicated opportunities for collaboration, 

problem solving, communication practice, honesty, responsibility, and gratitude, while also identifying 

teacher guidance, time constraints, and technical difficulties. The findings support STEM-C as a 

contextually integrated learning model in Muhammadiyah elementary schools, but claims of long-term 

Islamic character development should be reserved for studies using validated performance-based and 

longitudinal measures. 
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