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Abstract  

This study aims to determine the effect of the Problem Based Learning model integrated with Deep 

Learning on junior high school students’ mathematical reasoning ability, as well as the level of 

improvement after the learning intervention. This research employed a quantitative approach using a 

quasi-experimental One-Group Pretest–Posttest design. The sample consisted of one class of junior 

high school students who received problem-based learning with a deep learning approach over four 

sessions. The research instrument was a mathematical reasoning test administered before and after 

the intervention. Data were analyzed using descriptive statistics, normality testing, paired sample t-

test, and N-Gain analysis. The results show that the Problem Based Learning model with Deep 

Learning has a significant effect on students’ mathematical reasoning ability, indicated by a 

significance value of p < 0.05. Furthermore, the N-Gain analysis revealed a moderate level of 

improvement. Thus, the Problem Based Learning model integrated with Deep Learning is effective 

in enhancing students’ mathematical reasoning ability. 
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Introduction  

Twenty-first century education requires students to develop higher-order thinking 

skills, including critical, creative, communicative, and collaborative thinking, as well as the 

ability to reason in solving complex problems (OECD, 2019; Redhana, 2019). The 

Indonesian Merdeka Curriculum emphasizes the importance of student-centered learning 

oriented toward meaningful thinking processes, particularly mathematical reasoning as a 

fundamental competency needed to face global challenges (Kemendikbudristek, 2022). In 

the context of mathematics education, mathematical reasoning enables students not only to 

solve problems procedurally but also to construct logical arguments, analyse conceptual 

relationships, and draw valid conclusions across various situations (Putra & Yulanda, 2021; 

Rohmatulloh et al., 2022). 

Despite its importance, previous studies indicate that Indonesian students’ 

mathematical reasoning ability remains low. The 2022 PISA report highlights that 

Indonesian students’ mathematical reasoning performance lags behind the OECD average 

(OECD, 2019). Research by Hasanah et al. (2023) also revealed that many students rely 

heavily on memorizing formulas rather than building conceptual understanding, which leads 
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to difficulties in connecting mathematical ideas logically. This issue is exacerbated by 

instructional practices that still rely on teacher-centered approaches focused on lecturing and 

routine exercises without providing opportunities for students to construct knowledge 

independently (Fendrik, 2021). These conditions signal the need for more innovative 

instructional models that actively engage students, encourage deeper conceptual exploration, 

and support the development of structured mathematical reasoning. 

One relevant instructional model is Problem Based Learning (PBL). This model 

positions contextual problems as the starting point of learning and provides opportunities for 

students to develop critical thinking, collaboration, and mathematical reasoning through 

exploration and problem-solving activities (Nurcahyaning Kusumawardani et al., 2022; 

Vatillah et al., 2020). Previous research has reported that Problem Based Learning enhances 

student engagement, strengthens conceptual understanding, and significantly improves 

mathematical reasoning skills compared to conventional learning approaches. However, in 

practice, Problem Based Learning implementation is often suboptimal. Many teachers 

emphasize problem-solving techniques rather than promoting reflective thinking and 

meaningful conceptual connections (Sulistiani & Lusiana, 2024). Therefore, strategies that 

can reinforce Problem Based Learning are needed so that learning not only focuses on 

finding solutions but also on fostering deeper and more conscious thinking processes. 

Deep Learning emerges as an approach that can strengthen the effectiveness of 

Problem Based Learning. In the educational context, Deep Learning emphasizes meaningful, 

reflective, and profound learning experiences through cognitive, emotional, and experiential 

engagement (Mutmainnah et al., 2025). This approach encourages students not only to 

understand “how” a concept is applied but also “why” it is relevant and how various concepts 

are interrelated. Feriyanto & Anjariyah (2024) explain that Deep Learning is grounded in 

three principles meaningful learning, mindful learning, and joyful learning; which support 

holistic and long-lasting conceptual understanding. Thus, integrating Problem Based 

Learning with Deep Learning has the potential to create learning experiences that not only 

guide students toward problem solving but also promote deeper awareness and conceptual 

reasoning. 

The integration of Problem Based Learning and Deep Learning is considered a 

comprehensive instructional approach that supports the development of mathematical 

reasoning. Problem Based Learning provides authentic problem-solving experiences that 

require students to make conjectures, perform mathematical manipulations, and draw logical 
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conclusions (Kusuma & Amelia, 2018). Meanwhile, Deep Learning reinforces these 

processes through reflection, conceptual linkage, and meaningful comprehension. 

According to Salmi et al. (2023), learning that combines problem solving with deep 

reflection leads to long-term understanding rather than short-term memorization. Through 

this integration, students are guided not only to find solutions but also to understand the 

underlying meaning of the strategies and mathematical concepts they employ. 

Several relevant studies support the importance of this integration. Afifah et al. (2020) 

found that Problem Based Learning significantly improves mathematical reasoning ability. 

Wahyudi (2025) reported that Deep Learning enhances students’ reasoning and self-

confidence in mathematics. Additionally, Ardhana et al. (2025) demonstrated that Problem 

Based Learning integrated with Deep Learning significantly improves critical thinking skills. 

In this study, the integration of Problem Based Learning and Deep Learning is implemented 

by positioning Problem Based Learning as the instructional framework, while Deep 

Learning principles are embedded throughout each phase of the learning process.  

Learning begins with contextual problems that require students to identify relevant 

information and formulate mathematical representations (meaningful learning). During 

group investigations, students are guided to analyze solution strategies, justify each step, and 

connect concepts logically (mindful learning). The learning process is completed with 

reflection and discussion activities that encourage students to evaluate their reasoning and 

derive conceptual understanding (joyful learning). Through this integration, students are not 

only engaged in solving problems, but also in constructing meaning, reflecting on their 

thinking processes, and developing deeper conceptual understanding. However, research 

specifically examining the effect of Problem Based Learning integrated with Deep Learning 

on junior high school students’ mathematical reasoning remains limited. 

Based on this gap, the present study aims to investigate the effectiveness of Problem 

Based Learning integrated with Deep Learning in improving junior high school students’ 

mathematical reasoning ability. This study not only examines whether the model 

significantly influences mathematical reasoning but also analyses the extent of improvement 

after the instruction. Thus, this research is expected to contribute theoretically and practically 

to the development of mathematics instruction that is more meaningful, reflective, and 

oriented toward nurturing students’ reasoning competencies. 
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Method  

This study employed a quasi-experimental method using a One-Group Pre-test–Post-

test Design, in which a single group of students was given a pre-test, followed by a learning 

intervention, and subsequently a post-test to examine the effect of the Problem Based 

Learning integrated with Deep Learning model on students’ mathematical reasoning ability. 

The research design is represented as 𝑂₁ − 𝑋 − 𝑂₂ , where 𝑂₁  denotes the pre-test, 𝑋 

represents the instructional treatment, and 𝑂₂ represents the post-test. The research sample 

consisted of one Grade VIII class at SMPN 10 Kota Serang in the 2025/2026 academic year, 

selected through purposive sampling based on the class’s readiness, stability of the number 

of students, and suitability of the mathematics instructional schedule. The number of 

students in the class ranged from 30 to 35, with ages between 13 and 15 years. All research 

activities were conducted during regular mathematics lessons. 

The research instruments consisted of a mathematical reasoning test and instructional 

materials developed based on the Problem Based Learning and Deep Learning approaches. 

The test comprised five open-ended items constructed according to mathematical reasoning 

indicators, including the ability to understand problems, formulate mathematical models, 

conduct systematic solution procedures, provide logical justifications, and draw conclusions. 

Each item was scored using an analytic rubric ranging from 0 to 4, where a score of 0 

indicated no response or irrelevant answers, and a score of 4 indicated a complete and correct 

solution accompanied by logical reasoning and appropriate conclusions. The mapping 

between test items and reasoning indicators was as follows: item 1 assessed the ability to 

understand the problem; item 2 assessed the ability to formulate mathematical models; item 

3 assessed systematic solution procedures; item 4 measured logical justification of solutions; 

and item 5 evaluated the ability to draw mathematical conclusions. The test was administered 

as both a pre-test and post-test using equivalent forms. The instrument underwent expert 

validation and empirical testing, including examinations of validity, reliability, 

discrimination power, and difficulty index, ensuring that the assessment met the criteria for 

a high-quality instrument. 

The instructional treatment was implemented over four sessions. The Problem Based 

Learning with Deep Learning approach began with presenting contextual Systems of Linear 

Equations in Two Variables (SPLDV) problems that required students to identify key 

information, formulate mathematical representations, and select appropriate solution 

strategies. Students worked collaboratively in groups to investigate the problem, connect 
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relevant concepts, analyse solution steps, and reflect on their chosen strategies. The learning 

activities proceeded with group presentations and intergroup discussions, which further 

strengthened students’ mathematical reasoning processes and deepened their conceptual 

understanding. 

Data from the pre-test and post-test were analysed descriptively to obtain the 

minimum, maximum, mean, and standard deviation values. Furthermore, the Kolmogorov–

Smirnov normality test was conducted to determine the appropriate statistical analysis. If the 

difference scores between the pre-test and post-test were normally distributed, a paired 

sample t-test was used to examine whether significant differences existed before and after 

the intervention. If the data were not normally distributed, the Wilcoxon Signed Rank Test 

was employed. In addition, the N-Gain score was calculated to determine the level of 

improvement in students’ mathematical reasoning ability, categorized into low, medium, or 

high improvement. 

Results and Discussion  

The results of the study indicate an improvement in students’ mathematical reasoning 

ability after the implementation of the Problem Based Learning integrated with Deep 

Learning model. The descriptive analysis of the pre-test scores is presented in Table 1. 

Table 1. Descriptive Statistics of Pre-Test Mathematical Reasoning Ability 

Statistic Value 

Number of Students 30 

Minimum Score 20 

Maximum Score 68 

Mean 41.73 

Standard Deviation 12.387 

Based on Table 1, students’ initial mathematical reasoning ability was in the low-to-medium 

category. The mean score of 41.73  indicates that most students had not yet mastered 

Systems of Linear Equations in Two Variables concepts nor reasoning indicators such as 

providing logical explanations, constructing arguments, and drawing conclusions. The 

minimum score of 20 indicates that some students were only able to answer a small portion 

of the test items and showed limited understanding of the problem context and reasoning 

processes. In contrast, the maximum score of 68 suggests that a small number of students 

were able to demonstrate partial mastery of the concepts and reasoning indicators, although 
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their understanding was not yet optimal. These results indicate that students’ initial 

mathematical reasoning ability varied considerably prior to the intervention. 

Normality testing confirmed that the pre-test data were normally distributed. The 

Kolmogorov–Smirnov results are presented in Table 2. 

Table 2. Normality Test of Pre-Test Scores 

Data Statistic df Sig. Conclusion 

Pre-Test 0.131 30 0.200 Normal 

The significance value of 0.200 >  0.05  indicates that the data met the normality 

assumption, allowing further parametric testing. 

  After the implementation of Problem Based Learning integrated with Deep Learning, 

students’ abilities increased considerably. The descriptive statistics of the post-test scores 

are displayed in Table 3. 

Table 3. Descriptive Statistics of Post-Test Mathematical Reasoning Ability 

Statistic Value 

Number of Students 30 

Minimum Score 62 

Maximum Score 96 

Mean 79.40 

Standard Deviation 9.873 

Table 3 shows significant improvement across all parameters. The mean score 

increased from 41.73 to 79.40, nearly doubling. The minimum score of 62 indicates that all 

students were able to demonstrate basic to adequate levels of mathematical reasoning, 

including understanding the problem context, applying appropriate solution strategies, and 

providing logical justifications. The maximum score of 96 suggests that some students 

achieved a near-complete mastery of the mathematical reasoning indicators assessed, 

including systematic problem-solving and accurate conclusions. The reduced standard 

deviation (9.873) suggests improved equity in student performance following the learning 

treatment. Furthermore, the increase in post-test scores cannot be attributed solely to students’ 

prior exposure to similar test items in the pre-test, as the pre-test and post-test employed 

equivalent forms with different problem contexts and numerical values. Therefore, the 

observed improvement reflects genuine development in students’ mathematical reasoning 

ability resulting from the learning intervention rather than a test familiarity effect. The post-

test data also met the normality assumption, as shown in Table 4.  
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Table 4. Normality Test of Post-Test Scores 

Data Statistic df Sig. Conclusion 

Post-Test 0.124 30 0.254 Normal 

Since both pre-test and post-test scores were normally distributed, paired sample t-test was 

used for further analysis. The results are shown in Table 5. 

Table 5. Paired Sample t-Test Results 

Statistic Value 

df 29 

p-value <0.001 

Mean Difference 37.67 

SE Difference 11.420 

t-value 18.063 

The p-value < 0.001 indicates a statistically significant difference between pre-test and post-

test scores, confirming that the Problem Based Learning with Deep Learning approach had 

a significant effect on improving students’ mathematical reasoning ability. 

The magnitude of improvement was further examined using the N-Gain score, 

presented in Table 6. 

Table 6. N-Gain Score Analysis 

Statistic Value 

N-Gain Minimum 0.45 

N-Gain Maximum 0.88 

Mean N-Gain 0.64 

Category Medium-High 

The mean N-Gain score of 0.64 indicates that the improvement in mathematical reasoning 

was in the medium-to-high category. This suggests that the intervention was not only 

statistically significant but also practically effective. 

The observed improvement aligns with the characteristics of Problem Based 

Learning, which engages students in analysing authentic problems, identifying essential 

information, establishing relationships between concepts, and developing mathematical 

justifications. The integration of Deep Learning strengthened these processes by fostering 

deep thinking, elaboration of ideas, and reflection on solution strategies. Students were not 

merely solving problems, but also understanding the logical rationale behind each step. 

These findings are consistent with Glazewski & Hmelo-Silver (2019), who reported 

that Problem Based Learning enhances higher-order thinking through investigative and 

argumentative activities when dealing with complex problems. Similarly, Savery (2015) 
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found that Problem Based Learning encourages students to build conceptual connections and 

reinforce mathematical reasoning through discussion and reflection. In line with this, Ashari 

(2024) noted that problem-based instruction significantly improves mathematical reasoning 

because students engage in analytical processes required to comprehend the structure of 

mathematical tasks. 

The results of this study also support Deep Learning theory as described by Alt & 

Boniel-Nissim (2018), who emphasized that instructional approaches focusing on 

conceptual understanding and interconnection of ideas promote deeper levels of thinking. 

Their principles underline that elaboration, reflection, and meaning-making lead to more 

enduring and substantial learning. Furthermore, findings by Yew & Goh (2016) revealed 

that Problem Based Learning significantly enhances students’ critical thinking and 

conceptual comprehension through structured problem-solving processes.  

Moreover, problem-based instruction supported by Deep Learning principles is 

considered effective because it enables students to construct knowledge independently, test 

ideas through discussion, and justify their solutions. This is supported by Mulyanto et al. 

(2018), who demonstrated that presenting authentic problems within Problem Based 

Learning environments substantially improves mathematical reasoning ability. 

Overall, the findings confirm that the integration of Problem Based Learning and 

Deep Learning has a significant and effective impact on improving students’ mathematical 

reasoning ability. The improvement is evident not only in post-test scores, but also in the 

quality of students’ mathematical arguments, conceptual understanding, and ability to 

logically connect information. These results reinforce existing empirical evidence that such 

combined approaches are relevant and promising for enhancing mathematical reasoning at 

the junior secondary school level. 

Conclusion and Suggestion  

Based on the results of the study, the implementation of the Problem Based Learning 

model integrated with Deep Learning has been proven to significantly improve junior high 

school students’ mathematical reasoning ability. The findings show a substantial difference 

between the pre-test and post-test scores, with the post-test results increasing markedly. The 

significance value of the paired sample t-test (p < 0.05) confirms that this learning model is 

effective in enhancing students’ ability to analyze problems, develop strategies, provide 

logical justification, and understand conceptual relationships within the topic of Systems of 
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Linear Equations in Two Variables (SPLDV). Beyond statistical improvement, classroom 

observations indicate that students became more engaged in deep thinking processes, group 

discussions, and reflection; key components of mathematical reasoning. 

The N-Gain analysis further demonstrates that the level of improvement in students’ 

mathematical reasoning ability falls within the medium-to-high category. This indicates that 

the learning intervention not only improved students’ final scores but also strengthened their 

cognitive processes in understanding concepts, constructing mathematical arguments, and 

drawing valid conclusions. Students showed greater ability to explain solution steps 

systematically and displayed deeper conceptual understanding after participating in the 

learning activities. 

Based on these findings, several recommendations can be offered for instructional 

practice and future research. First, teachers are encouraged to provide an initial explanation 

of the flow of Problem Based Learning integrated with Deep Learning so that students 

clearly understand their roles during exploration, discussion, and problem solving. Such 

preliminary understanding is essential to prevent confusion and ensure active engagement. 

Second, effective time management is crucial, as the model requires activities involving 

analysis, discussion, argumentation, and reflection. Teachers are advised to provide adequate 

scaffolding, especially during the early stages, to help students gradually develop 

independent reasoning skills. 

Third, future research should consider adapting the context of the problems, the 

complexity of tasks, and the learning media to match students’ characteristics and school 

facilities. Extending the duration of the learning intervention or increasing the number of 

meetings may further enhance the model’s effectiveness. Fourth, subsequent studies are 

encouraged to incorporate additional assessment instruments that measure not only cognitive 

outcomes but also thinking processes, student interactions, and mathematical 

communication skills through observation sheets, argumentation rubrics, or recorded 

discussions. Finally, future research may employ experimental designs with control groups 

or compare the Problem Based Learning integrated with Deep Learning model with other 

instructional approaches to obtain a more comprehensive understanding of its effectiveness 

in mathematics education. 

 

 



 MATHEMA JOURNAL E- ISSN 2686-5823  

  Volume 8 (1), 2026 

200 

References  

Afifah, B. A., Imswatama, A., & Setiani, A. (2020). Penerapan Model Problem Based 

Learning untuk Meningkatkan Kemampuan Penalaran Matematis Siswa. De Fermat : 

Jurnal Pendidikan Matematika, 3(1), 9–16. 
Alt, D., & Boniel-Nissim, M. (2018). Links between Adolescents’ Deep and Surface 

Learning Approaches, Problematic Internet Use, and Fear of Missing Out (FoMO). 

Internet Interventions, 13, 30–39. https://doi.org/10.1016/j.invent.2018.05.002 

Ardhana, D., Fajrina, S., & Fitri, R. (2025). Implementasi Problem Based Learning berbasis 

Deep Learning untuk Meningkatkan Berpikir Kritis Siswa pada Materi Sistem Ekskresi 

di SMA. DUBIOPRENA: Jurnal Ilmiah Pendidikan Biologi, 2(2), 50–58. 

Ashari, N. W. (2024). Enhancing Mathematical Literacy Through Problem-Based Learning: 

A Mixed-Methods Analysis of Student Performance. Pedagogy: Jurnal Pendidikan 

Matematika, 9(2), 70–77. https://doi.org/10.30605/pedagogy.v9i2.4905 

Fendrik, M. (2021). Pengaruh Pendekatan Realistic Mathematics Education terhadap 

Kemampuan Penalaran Matematis Siswa SD ditinjau dari Kemampuan Siswa dan 

Level Sekolah. Numeracy, 8, 102–112. https://doi.org/10.46244/numeracy.v8i2.1611 

Feriyanto, F., & Anjariyah, D. (2024). Deep Learning Approach Through Meaningful, 

Mindful, and Joyful Learning: A Library Research. Electronic Journal of Education, 

Social Economics and Technology, 5(2), 208–212. 

https://doi.org/10.33122/ejeset.v5i2.321 

Glazewski, K. D., & Hmelo-Silver, C. E. (2019). Scaffolding and supporting use of 

information for ambitious learning practices. Information and Learning Sciences, 

120(1/2), 39–58. https://doi.org/10.1108/ILS-08-2018-0087 

Hasanah, U., Pujiastuti, H., Keguruan, F., Pendidikan, I., Sultan, U., & Tirtayasa, A. (2023). 

Analisis Kemampuan Penalaran Matematis Siswa SMP Ditinjau Dari Perbedaan 

Gender. In J-PiMat (Vol. 5, Issue 1). 

Kusuma, D. C., & Amelia, R. (2018). Meningkatkan Disposisi Matematis Siswa SMP 

menggunakan Pendekatan Pembelajaran Berbasis Masalah. JPMI (Jurnal 

Pembelajaran Matematika Inovatif), 1(1), 45. https://doi.org/10.22460/jpmi.v1i1.p45-

52 

Mulyanto, H., Gunarhadi, G., & Indriayu, M. (2018). The Effect of Problem Based Learning 

Model on Student Mathematics Learning Outcomes Viewed from Critical Thinking 

Skills. International Journal of Educational Research Review, 3(2), 37–45. 

https://doi.org/10.24331/ijere.408454 

Mutmainnah, N., Adrias, & Zulkarnaini, A. P. (2025). Implementasi Pendekatan Deep 

Learning terhadap Pembelajaran Matematika di Sekolah Dasar. Pendas : Jurnal Ilmiah 

Pendidikan Dasar, 10(1), 858–871. 

https://doi.org/https://doi.org/10.23969/jp.v10i01.23781 

Nurcahyaning Kusumawardani, N., Dewi, U., & Pendidikan Pascasarjana Universitas 

Negeri Surabaya, T. (2022). Pengaruh Model Problem Based Learning Terhadap 

Kemampuan Berpikir Kritis Matematis Siswa Dalam Memecahkan Masalah 

Matematika. Jurnal Ilmiah Mandala Education (JIME), 8(2), 2442–9511. 

https://doi.org/10.36312/jime.v8i2.3217/http 

OECD. (2019). PISA 2018 Results (Volume I) (Vol. 1). OECD Publishing. 

https://doi.org/10.1787/5f07c754-en 

Putra, A., & Yulanda, Y. (2021). Kecemasan Matematika Siswa dan Pengaruhnya: 

Systematic Literature Review. Didaktika: Jurnal Kependidikan, 15, 1–14. 

Redhana, W. (2019). Mengembangkan Keterampilan Abad ke-21 dalam Pembelajaran 

Kimia. Jurnal Inovasi Pendidikan Kimia, 13(1), 2239–2253. 



 MATHEMA JOURNAL E- ISSN 2686-5823  

  Volume 8 (1), 2026 

201 

Rohmatulloh, R., Syamsuri, S., Nindiasari, H., & Fatah, A. (2022). Analisis Meta: Pengaruh 

Model Pembelajaran Problem Based Learning (PBL) Terhadap Kemampuan Penalaran 

Matematis Siswa. Jurnal Cendekia : Jurnal Pendidikan Matematika, 6(2), 1558–1567. 

https://doi.org/10.31004/cendekia.v6i2.1395 

Salmi, H. S., Thuneberg, H., & Bogner, F. X. (2023). Is there deep learning on Mars? 

STEAM education in an inquiry-based out-of-school setting. Interactive Learning 

Environments, 31(2), 1173–1185. https://doi.org/10.1080/10494820.2020.1823856 

Savery, J. R. (2015). Overview of Problem-Based Learning: Definitions and Distinctions. In 

Essential Readings in Problem-Based Learning (pp. 5–16). Purdue University Press. 

https://doi.org/10.2307/j.ctt6wq6fh.6 

Sulistiani, L., & Lusiana, L. (2024). Penerapan Model Problem Based Learning untuk 

meningkatkan Kemampuan Penalaran Matematis Peserta Didik Kelas 7 SMP Negeri 

10 Palembang. Indonesian Research Journal on Education, 4(3), 1244–1250. 

https://doi.org/10.31004/irje.v4i3.1025 

Vatillah, V., Ambarwati, L., & El Hakim, L. (2020). Pengaruh Model Problem Based 

Learning terhadap Kemampuan Penalaran Matematis dan Self Regulated Learning 

ditinjau dari Kemampuan Awal Matematika Siswa. Jurnal Penelitian Pembelajaran 

Matematika, 13(2), 313–329. 

Wahyudi, D. A. (2025). Pengaruh Pembelajaran Deep Learning terhadap Kemampuan 

Penalaran Matematis dan Kepercayaan Diri Siswa SMA Dharma Pancasila Medan. 

Jurnal Inovasi Pendidikan PEDAGOGI, 1(1), 9–17. 

Yew, E. H. J., & Goh, K. (2016). Problem-Based Learning: An Overview of its Process and 

Impact on Learning. Health Professions Education, 2(2), 75–79. 

https://doi.org/10.1016/j.hpe.2016.01.004 

  

 

 


	Introduction
	Results and Discussion

