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Abstract 

This study aims to evaluate the effectiveness of implementing the Problem-Based Learning (PBL) model in enhancing student 
learning outcomes in the Embedded Systems course at State Vocational High School (SMKN) 10 Makassar. Traditional lecture-
based teaching methods, which still dominate learning activities, are considered less effective in promoting student engagement and 
deep understanding of the material. To address this limitation, the PBL approach was introduced as an alternative that emphasizes 
real-world problem-solving and student collaboration. The research employed a quasi-experimental design involving two groups: an 
experimental group that applied the PBL model and a control group that continued with conventional instructional methods. A 
validated multiple-choice test, reviewed by subject-matter experts, was used to assess students’ cognitive performance. The findings 
demonstrate that the application of PBL significantly enhanced learning outcomes. The experimental group achieved a mean post-
test score of 19.19, notably higher than the control group’s average score of 12.96. Results from the t-test analysis indicated a 
statistically significant difference between the two groups (t = 9.821 > t-table = 1.669). Furthermore, the N-Gain score for the 
experimental group was categorized as moderate (0.53), while the control group’s gain was classified as low (0.15). These results 
highlight that the PBL model not only strengthens students’ conceptual mastery but also fosters critical thinking abilities and better 
prepares them to meet challenges in technology-oriented work environments. This study offers valuable insights for enhancing 
instructional practices within vocational education settings. 
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Introduction 

Education has a very strategic role in producing a superior, independent generation that is ready to face global challenges 

(Pakpahan et al., 2023). In the era of the Industrial Revolution 4.0 combined with the concept of Society 5.0, the 

education system is no longer sufficient in just teaching content mastery, but must also be able to develop 21st-century 

skills (Aprilisa, 2020). These skills include critical thinking, problem solving, collaboration, communication, creativity, 

and digital and technological literacy (Jayadi et al., 2023). This change requires reform in learning strategies to suit the 

needs of the world of work and the dynamics of digital society (Limbong et al., 2024). 

The Ministry of Education, Culture, Research, and Technology responded to this challenge by implementing the 

Independent Curriculum (Mun'amah, 2023; Langoday et al., 2024). This curriculum gives freedom to educational units 

to design project-based, differentiated, and contextual learning according to the needs of students (Sembiring, 2022; 

Sappaile et al., 2024). Conventional learning models that are centered on teachers and have minimal active interaction 

from students are considered no longer relevant in the context of today's education (Fitrianti et al., 2024; Yanti et al., 

2024). Therefore, the transformation of learning approaches is a necessity (Gilbert & White, 2018; Hasanah & Haryadi, 

2022). 

At State Vocational High School (SMKN) 10 Makassar, learning in the Embedded Systems subject is still dominated 

by lecture and demonstration methods from teachers. This causes students to only act as recipients of information, 

without being actively involved in the exploration and problem-solving process. This situation has an impact on low 

student participation, weak problem-solving skills, and a lack of conceptual understanding, especially in materials that 

require the application of logic and embedded system programming techniques. These problems require a learning 

model that is able to activate students cognitively, affectively, and psychomotorically. One model that is considered 

https://creativecommons.org/licenses/by-nc-sa/4.0/
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capable of answering this challenge is Problem-Based Learning (PBL). Problem Based Learning (PBL) is an innovative 

teaching approach that improves critical thinking skills and independent learning through solving real-world problems 

(Saputra et al., 2019). PBL emphasizes communication, collaboration, and the use of resources to develop reasoning 

skills (Susetyarini et al., 2022). This model has proven to be effective in building high-level thinking skills, especially 

in the context of 21st-century learning, because it supports the integration of critical and collaborative thinking skills 

simultaneously (Dewi et al., 2024). According to Barrows et al. (1980), PBL has main characteristics such as the 

existence of real problems as learning triggers, collaborative processes between students, and reflection on the learning 

process. In the context of vocational education, PBL is very relevant because it integrates practical and theoretical skills 

in facing the challenges of the world of work. 

Recent studies have shown the effectiveness of Problem-Based Learning (PBL) in improving higher-order thinking 

skills and student learning outcomes at various levels of education. PBL significantly improves critical thinking, 

analysis, and problem-solving skills in both primary and secondary education (Abdullah & Munawwaroh, 2024). 

Research shows that PBL has a positive impact on students' ability to identify problems, analyze information, and 

develop solutions logically (Ramadhani & Sukenti, 2023). In addition, PBL also improves collaboration skills and 

creates a more interactive and contextual learning environment (Kamid & Sinabang, 2019). Although there are 

challenges, such as time constraints, proper teacher training, and curriculum adjustments, can overcome these obstacles, 

making PBL an effective model in preparing students to face the challenges of the 21st century (Naufal et al., 2024). 

Based on the results of the researcher's observations during the implementation of the Merdeka Belajar Kampus 

Merdeka (MBKM) program at SMKN 10 Makassar, it was found that most students still showed high dependence on 

teacher explanations and were not yet able to work effectively in groups. The learning process did not provide enough 

space for students to explore, ask questions, and develop solutions to the problems they faced. This indicates a gap 

between the learning approach applied and the actual needs of students in the digital era. 

Therefore, the implementation of the PBL model is expected to be a solution to overcome these problems. By providing 

challenges in the form of case studies or real problems that are relevant to the industrial world, students are expected to 

be able to think critically, develop problem-solving strategies, and collaborate in completing joint projects. Learning 

activities are not only focused on achieving academic grades, but also on character building and work competencies. 

The urgency of implementing PBL in Embedded Systems subjects is not only aimed at improving understanding of 

technical materials, but also encouraging the creation of meaningful learning that equips students with the ability to 

think and act independently. The advantage of this model lies in its learning process, which encourages active 

involvement, independent information search, group discussions, and joint evaluations. This process not only enriches 

students' learning experiences but also develops soft skills that are very much needed in the world of work. 

The purpose of this study was to determine the effectiveness of the Problem-Based Learning model in improving student 

learning outcomes in the Embedded System subject at SMKN 10 Makassar. In addition, this study also aims to provide 

an empirical overview of the application of PBL in the context of vocational education, as well as provide practical 

recommendations for teachers and policymakers in developing adaptive and transformative learning models. Through 

this research, it is expected to provide a real contribution to the development of learning strategies in vocational schools, 

especially in facing the challenges of implementing the Merdeka Curriculum and the demands of the 21st-century world 

of work. This research is also expected to be a reference in the application of a more relevant, participatory, and 

contextual learning approach in the era of competency-based education. 

Method 

The type of research used in this study is quantitative research with a quasi-experimental approach. This approach was 

chosen because it allows researchers to evaluate the effect of a treatment on a particular variable, although not all ideal 

conditions of a pure experiment can be met, such as full randomization of subjects (Abraham & Supriyati, 2022; Krass, 

2016). Quasi-experimental research still provides quite high validity in identifying cause-effect relationships, especially 

in the educational context, where strict control of variables is often difficult due to practical limitations in the field 

(Shadish, 2005; Yuwanto, 2019). 

The specific design used in this study is the Non-Equivalent Control Group Design. This design involves two groups, 

namely the experimental group that receives a certain treatment and the control group that does not receive the treatment 

(Mohr, 1982; Mulyatiningsih, 2015). The two groups were not selected randomly, but were determined based on 
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existing classes (Hong, 2010). Therefore, it is important to ensure that the initial characteristics of the two groups are 

comparable, which is usually done through prerequisite tests such as the homogeneity test and the normality test.(Ojeda, 

2024). With this design, researchers can compare the results between the two groups after treatment is given, thus 

allowing for an objective and systematic analysis of the effectiveness of the treatment (Krishnan, 2019). 

The study was carried out at SMKN 10 Makassar during the even semester of the 2024/2025 academic year. The 

research population included all eleventh-grade students majoring in Industrial Electronics Engineering. Two classes 

were selected as samples: class XI TELI 1 served as the experimental group, consisting of 31 students, while class XI 

TELI 2 acted as the control group, comprising 32 students. A 25-item multiple-choice test was utilized as the data 

collection instrument. The instrument underwent validation by two experts specializing in engineering education. Its 

validity was assessed using product-moment correlation analysis, while reliability was determined through Cronbach's 

Alpha, yielding a coefficient of 0.722, which indicated a high level of reliability. The research procedure began with 

the administration of a pretest to both groups. Subsequently, the experimental group received instruction using the 

Problem-Based Learning (PBL) model, whereas the control group continued with conventional teaching methods. Upon 

completion of the instructional period, a posttest was administered to both groups. The collected data were analyzed 

using normality and homogeneity tests, independent t-tests, and N-Gain analysis to evaluate the improvement in 

students' learning outcomes. An overview of the study design is presented in Table 1. 

Table 1. Quasi-experimental research design 

Group Pretest (O1) Treatment (X) Posttest (O2) 

Experiment (TELI 1) √ √ √ 

Control (TELI 2) √ - √ 

Information: 

O1: Pretest before treatment 

X: Treatment using the PBL model 

O2: Posttest after treatment 

The selection of the PBL model in this study is based on its relevance in improving students' critical thinking skills, 

collaboration, and analytical abilities in solving real problems, especially in Embedded System learning, which requires 

integration between theoretical concepts and technical practices. Therefore, this method is considered appropriate to 

answer the needs of competency-based learning in the Merdeka Curriculum era. 

Results and Discussion 

Results 

This section provides a detailed analysis of the collected data, encompassing instrument validation and reliability, 

descriptive statistics, and inferential analysis. The primary objective is to assess the impact of the Problem-Based 

Learning (PBL) model on enhancing student achievement in the Embedded Systems course at SMKN 10 Makassar. 

Instrument Validity 

Validity reflects the extent to which an instrument accurately measures the intended construct. The validation process 

was carried out in two stages: 

a. Content Validity via Expert Review 

The test instrument, consisting of 25 multiple-choice items, was evaluated by two experts specializing in engineering 

education. The validation focused on three aspects: content relevance, question construction, and language clarity. 

The experts’ assessments yielded an average score of 3.57 on a 4-point scale, categorizing the instrument as "very 

valid," in accordance with the criteria proposed by (Sahir & Koryati, 2021). 

b. Empirical Validity (Construct) through Product-Moment Correlation 

Following expert validation, the instrument was trialed with 30 students. Data were analyzed using SPSS version 

26, employing Pearson's Product-Moment correlation. The results revealed that each item's calculated r-value 

exceeded the critical r-value of 0.361 at a 5% significance level, confirming that all items met the criteria for 

statistical validity. 
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Reliability Test 

The reliability assessment utilized Cronbach's Alpha, processed through SPSS 26. The analysis produced an Alpha 

coefficient of 0.722, surpassing the critical r-value of 0.355. These findings demonstrate that the instrument exhibits 

strong internal consistency, making it appropriate for assessing student performance on both pretest and posttest 

measures (Sujarweni, 2014). 

Descriptive Statistical Analysis 

The experimental group's mean pretest score was 12.42, which increased to 19.19 on the posttest. In contrast, the control 

group's average pretest score of 10.84 rose to 12.96 post-intervention. These results suggest that students exposed to the 

PBL model experienced more substantial learning gains. 

Normality and Homogeneity Test 

The Shapiro-Wilk normality test indicated that the data followed a normal distribution (p > 0.05). Similarly, the 

homogeneity test produced p-values above 0.05, confirming that the data sets exhibited homogeneous variances. 

Independent t-test Analysis 

The independent t-test revealed that the calculated t-value (9.821) exceeded the critical t-table value (1.669), with a 

significance level of 0.000 (p < 0.05). This outcome indicates a statistically significant difference in learning outcomes 

between the experimental and control groups. As the calculated t-value was greater than the t-table value and the p-

value was less than 0.05, the null hypothesis (H₀) was rejected, confirming the significant positive effect of the PBL 

model on student learning outcomes. 

N-Gain Analysis 

The results of the quantitative analysis of the effectiveness of the PBL model, the N-Gain calculation was carried out 

as in Table 2. 

Table 2. Results of the analysis of the effectiveness of the PBL model 

Group Pretest Posttest N-Gain Category 

Control 10.84 12.96 0.15 Low 

Experiment 12.42 19.19 0.53 Currently 

The N-Gain score for the experimental group reached 0.53, placing it within the medium improvement category, while 

the control group obtained a score of only 0.15, categorized as low. This indicates that students exposed to the PBL 

model experienced a more substantial improvement in learning outcomes compared to those in the conventional learning 

group. The findings suggest that the application of the PBL approach contributes to a more meaningful and effective 

enhancement of students' academic performance. 

Discussion 

The Problem-Based Learning (PBL) learning model has been proven to have a significant positive impact in improving 

students' conceptual understanding. Through an approach that places contextual problems as the starting point of 

learning, students are encouraged to be more active in the critical thinking process, analyze problems, explore 

information independently, and formulate solutions based on logic and evidence that can be accounted for. Learning 

activities are no longer one-way, but have become interactive, where students are involved in group discussions, share 

perspectives, and build knowledge collectively. PBL naturally creates a collaborative and participatory learning 

environment. Through discussion and exploration, students not only strengthen their conceptual understanding but also 

develop social skills, communication, and the ability to work in a team. This is in line with the view Abraham & 

Supriyati (2022), which emphasizes the importance of designing learning that allows students to play an active and 

reflective role in constructing their own knowledge. 

The improvement in learning outcomes obtained in this study also indicates that the PBL model is very relevant to be 

applied in the context of vocational education. Subjects such as Embedded Systems, which require an understanding of 

programming logic, technical problem solving, and integration of abstract concepts with real-world practices, are greatly 

assisted by the application of PBL. With project-based learning scenarios and case studies, students gain hands-on 

experience in solving real-world challenges, which ultimately leads to an improvement in their cognitive and technical 

abilities. Furthermore, these results confirm that the PBL approach is not only effective in the cognitive aspect, but also 
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contributes to strengthening soft skills that are highly needed in the modern workplace, such as collaboration, leadership, 

and time management. Therefore, the implications of these findings are very strategic, namely the need to adopt the 

PBL model more widely in vocational learning systems, especially in the era of Industry 4.0 and Society 5.0 which 

require adaptive and problem-solving learners. 

Research shows that Project-Based Learning (PBL) and Problem-Based Learning are effective approaches for 

vocational education in the 21st century. A meta-analysis of 23 studies found that PBL had a high effect size (1.09) in 

vocational education, indicating its effectiveness in preparing students for the world of work (Fadillah et al., 2021). 

Implementation of PBL in desktop programming courses significantly improves student learning outcomes and 

engagement (Sopandi, 2019). A literature review of 29 articles also revealed that PBL can improve pre-vocational skills, 

student engagement, and learning motivation in Vocational High Schools (Fitri et al., 2025). In addition, a study on 

vocational students in Bekasi found that Problem-Based Learning was effective in ensuring mastery of competencies 

(Rizaldi & Putri, 2021). These findings as a whole indicate that PBL and Problem-Based Learning are highly relevant 

for vocational education, especially in developing critical thinking skills, practical skills, and preparing students to face 

the challenges of the Industry 4.0 era. 

However, the effectiveness of PBL implementation is greatly influenced by the teacher's pedagogical competence. 

Teachers are required to have the ability to design authentic and challenging problem scenarios, be able to facilitate 

group dynamics effectively, and provide targeted guidance without reducing student independence. Therefore, ongoing 

training is needed for educators so that they are ready to adopt the role of effective learning facilitators in the PBL 

model. Thus, the results of this study not only confirm the benefits of PBL in improving student learning outcomes but 

also provide practical recommendations for teacher professional development and strengthening active learning-based 

curriculum policies in vocational schools. 

Conclusions and Suggestions 

Conclusions 

Based on the results of data analysis and discussion that have been carried out, it can be concluded that the application 

of the Problem-Based Learning model has a positive and significant influence on student learning outcomes in the 

Embedded System subject at SMKN 10 Makassar. This is evidenced by the increase in the average post-test score of 

students and the results of statistical analysis, which show a significant difference between the experimental class and 

the control class. In addition, the results of the N-Gain analysis also show that the increase in student learning outcomes 

in the experimental class is in the moderate category, while the control class is in the low category. This finding 

strengthens the argument that a student-centered and problem-solving-based learning approach is more effective in 

improving the quality of vocational learning. 

Suggestions 

1. Teachers are advised to integrate the Problem-Based Learning model in the learning process, especially in subjects 

that are practical and applicable. 

2. Schools should provide training or workshops to teachers to improve their understanding and skills in 

implementing the PBL model optimally. 

3. Further research can be conducted by expanding the variables studied, such as the influence of PBL on learning 

motivation, creative thinking skills, and student collaboration. 

4. The development of PBL-based learning modules in various subjects can be a strategic step in supporting the 

Independent Curriculum. 

5. It is necessary to replicate the research at different levels and educational contexts to see the consistency of the 

results and the expansion of the application of the model. 



Rahmah et.al | Ceddi Journal of Education, 2025, 4(1): 1–7 

6 

Acknowledgements: The author would like to thank the principal, teachers, and all students of SMKN 10 Makassar 

who participated and supported the smooth implementation of this research. 

References 

Abdullah, A., & Munawwaroh, F. (2024). Problem Based Learning Untuk Meningkatkan Keterampilan Berpikir Kritis 

Siswa. Jurnal Educatio FKIP UNMA, 10(1), 155–162. 

Abraham, I., & Supriyati, Y. (2022). Desain Kuasi Eksperimen Dalam Pendidikan: Literatur. Jurnal Ilmiah Mandala 

Education, 8(3). https://doi.org/https://doi.org/10.58258/jime.v8i3.3800 

Aprilisa, E. (2020). Realizing Society 5.0 to Face the Industrial Revolution 4.0 and Teacher Education Curriculum 

Readiness in Indonesia. International Conference on Science and Education, 3, 543–548. 

https://doi.org/10.14421/ICSE.V3.559 

Barrows, H. S., Tamblyn, R. M., & others. (1980). Problem-based learning: An approach to medical education (Vol. 

1). Springer Publishing Company. 

Dewi, Y. M., Kritis, B., & Kolaborasi, P. K. (2024). Problem Based Learning Assisted by the Padlet Application on 

Critical Thinking Abilities and Collaboration Skills. Journal of Education Action Research. 

https://doi.org/10.23887/jear.v8i1.77566 

Fadillah, R., Ambiyar, A., Giatman, M., Fadhilah, F., Muskhir, M., & Effendi, H. (2021). Meta Analysis: Efektivitas 

Penggunaan Metode Proyect Based Learning Dalam Pendidikan Vokasi. Jurnal Pedagogi Dan Pembelajaran, 

4(1), 138. https://doi.org/10.23887/jp2.v4i1.32408 

Fitri, H. M., Khaerunnisa, P., Setiawan, E., & Wardoyo, S. (2025). Peningkatan Keterampilan Pra-Vokasional Siswa 

SMK melalui Project-Based Learning (PjBL): Studi Literatur. Jurnal Pendidikan Dan Pembelajaran Indonesia 

(JPPI). 

Fitrianti, E., Annur, S., & Afriantoni. (2024). Revolusi Industri 4.0: Inovasi dan Tantangan dalam Pendidikan di 

Indonesia. Journal of Education and Culture. https://doi.org/10.58707/jec.v4i1.860 

Gilbert, S. E., & White, A. L. (2018). Innovative Learning in the Age of Industry Revolution 4.0. Southeast Asian 

Mathematics Education Journal. https://doi.org/10.46517/seamej.v8i1.59 

Hasanah, A., & Haryadi, H. (2022). Tinjauan Kurikulum Merdeka Belajar dengan Model Pendidikan Abad 21 dalam 

Menghadapi Era Society 5.0. GHANCARAN: Jurnal Pendidikan Bahasa Dan Sastra Indonesia. 

https://doi.org/10.19105/ghancaran.vi.7595 

Hong, E. (2010). Quasi-Experimentation: Two Group Design. In International Encyclopedia of Education (pp. 128–

133). https://doi.org/10.1016/B978-0-08-044894-7.01686-9 

Jayadi, J., Marini, A., & Ms, Z. (2023). Implementation of the Independent Curriculum in Preparing the 21st Century 

Generation to Welcome the Era of Society 5.0. JMIE (Journal of Madrasah Ibtidaiyah Education). 

https://doi.org/10.32934/jmie.v7i1.523 

Kamid, K., & Sinabang, Y. (2019). Pengaruh penerapan model pembelajaran problem based learning (PBL) terhadap 

kemampuan berpikir tingkat tinggi (HOTS) ditinjau dari motivasi belajar siswa. Jurnal Manajemen Pendidikan 

Dan Ilmu Sosial, 1(1), 127–139. https://doi.org/https://doi.org/10.38035/jmpis.v1i1.249 

Krass, I. (2016). Quasi-experimental designs in pharmacist intervention research. International Journal of Clinical 

Pharmacy, 38, 647–654. https://doi.org/10.1007/s11096-016-0256-y 

Krishnan, P. (2019). A review of the non-equivalent control group post-test-only design. Nurse Researcher, 26(2), 37–

40. https://doi.org/10.7748/nr.2018.e1582 

Langoday, Y. R., Nurrahma, N., & Rijal, S. (2024). Policy Reflection: Kurikulum Merdeka as Educational Innovation 

in the Era of Society 5.0. Edunesia: Jurnal Ilmiah Pendidikan. https://doi.org/10.51276/edu.v5i2.915 

Limbong, E. E. S., Pasaribu, S. D., Tampubolon, Y. B. S., & Lubis, R. H. (2024). The Relevance of The Independent 

Learning Curriculum to the 21st Century Learning Model in Development of Society Era 5.0. EDUCTUM: 

Journal Research. https://doi.org/10.56495/ejr.v3i3.606 

Mohr, L. B. (1982). On Rescuing the Nonequivalent-Control-Group Design. Sociological Methods \& Research, 11, 

53–80. https://doi.org/10.1177/0049124182011001003 

Mulyatiningsih, E. (2015). Metode penelitian tindakan kelas. Modul Pelatiihan Pendidikan Profesi Guru: Fakultas 

Teknik, Universitas Negeri Yogyakarta. Universitas Negeri Yogyakarta. 

Mun’amah, A. N. (2023). Determination of the external potential of education in the era of the industrial revolution 4.0 



Rahmah et.al | Ceddi Journal of Education, 2025, 4(1): 1–7 

7 

and society 5.0 in Indonesia. International Journal of Advanced Multidisciplinary. 

https://doi.org/10.38035/ijam.v2i2.263 

Naufal, M. R. U., Sa’adah, M., Rahmawati, I. S., Suriansyah, A., & Cinantya, C. (2024). Meningkatkan Keterampilan 

Berpikir Kritis dan Hasil Belajar Menggunakan Model Problem Based Learning pada Siswa Sekolah Dasar. 

MARAS: Jurnal Penelitian Multidisiplin. 

Ojeda, C. A. C. (2024). Levene’s Test for Verifying Homoscedasticity Between Groups in Quasi-Experiments in Social 

Sciences. South Eastern European Journal of Public Health. https://doi.org/10.70135/seejph.vi.2342 

Pakpahan, H. M., Suherni, Pujiati, L., & Girsang, R. (2023). Effectiveness of Indonesian Education Curriculum Reform 

on the Quality of Processes in Learning. Jurnal Penelitian Pendidikan IPA. 

https://doi.org/10.29303/jppipa.v9i1.3930 

Ramadhani, D. D. S., & Sukenti, D. (2023). Dampak Penerapan Model Problem Based Learning dalam Meningkatkan 

Kemampuan Berpikir Tingkat Tinggi Siswa. Journal of Education Action Research, 7(3), 327–335. 

https://doi.org/10.23887/jear.v7i3.66698 

Rizaldi, N. I. N., & Putri, A. S. (2021). Apakah model pembelajaran problem-based learning efektif diterapkan pada 

pendidikan kejuruan abad 21? INTEGRATED (Journal of Information Technology and Vocational Education), 

3(1), 1–18. https://doi.org/10.17509/integrated.v3i1.32735 

Sahir, S. H., & Koryati, T. (2021). Metodologi Penelitian. KBM Indonesia. 

Sappaile, B. I., Wiliyanti, V., Mustajab, W., Prayitno, H., & Panglipur, I. R. (2024). Building the Future of Education 

with Curriculum Innovation Freedom to Learn in the Era of Society 5.0. International Journal of Educational 

Research Excellence (IJERE). https://doi.org/10.55299/ijere.v3i1.902 

Saputra, M. D., Joyoatmojo, S., Wardani, D., & Sangka, K. (2019). Developing Critical-Thinking Skills through the 

Collaboration of Jigsaw Model with Problem-Based Learning Model. International Journal of Instruction. 

https://doi.org/10.29333/IJI.2019.12169A 

Sembiring, M. G. (2022). The Role of Virtual Teacher in the Digital Age: Engraver the Future of Indonesian Golden 

Generations. International Journal on Research in STEM Education. https://doi.org/10.31098/ijrse.v4i1.907 

Shadish, W. (2005). Quasi-Experimental Designs. In Encyclopedia of Social Measurement (pp. 12655–12659). 

https://doi.org/10.1016/B0-08-043076-7/00419-8 

Sopandi, M. (2019). Penerapan Model Pembelajaran Project Based Learning (PBL) Pada Mata Pelajaran Pemrograman 

Desktop Untuk Meningkatkan Hasil Belajar Peserta Didik Kelas XI RPL B SMK Negeri 2 Karanganyar. Jurnal 

Ilmiah Pendidikan Teknik Dan Kejuruan. 

Sujarweni, V. W. (2014). Metodelogi penelitian. Yogyakarta: Pustaka Baru Perss, 74. 

Susetyarini, E., Nurohman, E., & Husamah, H. (2022). Analysis of Students’ Collaborative, Communication, Critical 

Thinking, and Creative Abilities through Problem-Based Learning. Jurnal Penelitian Dan Pengkajian Ilmu 

Pendidikan: E-Saintika. https://doi.org/10.36312/esaintika.v6i1.584 

Yanti, D., Prastawa, S., Utomo, W. F., Wiliyanti, V., & Utomo, B. (2024). Pendidikan di Revolusi Industri 4.0: Studi 

Kasus Evaluasi Kurikulum Merdeka di Indonesia. Edu Cendikia: Jurnal Ilmiah Kependidikan. 

https://doi.org/10.47709/educendikia.v4i02.4471 

Yuwanto, L. (2019). Pengantar Metode Penelitian Eksperimen Edisi 2. Graha Ilmu. 

 


