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 Abstract 

 This study investigates the effectiveness of the Deep Learning 
approach in enhancing students' critical thinking skills in matrix 
material. The approach emphasizes deep understanding, enabling 
students to analyze, interpret, and connect concepts 
comprehensively. A quasi-experimental design with a 
nonequivalent control group was employed, involving tenth-
grade students at Muhammadiyah Kalasan Senior High School. 
The research sample consisted of two classes: the experimental 
class (X-A), which applied the Deep Learning approach, and the 
control class (X-B), which used conventional teaching methods, 
with 28 students in each group. To evaluate learning 
improvement, both groups took a pretest before treatment and a 
posttest afterward. Data analysis utilized an independent sample 
t-test to test the hypothesis and an n-Gain test to assess critical 
thinking skill improvement. Results indicated a significant 
increase in students' critical thinking abilities, with the 
experimental group outperforming the control group (sig. 0.000 < 
0.05). The highest improvement was in the Situation aspect 
(56.43), while the Overview aspect showed the least growth (6.43). 
The average score increased from 55.71 to 86.18, with an N-Gain 
of 0.68 (moderate category). Further research could explore this 
approach in different subjects to enhance educational quality. 
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1. INTRODUCTION  
Mathematics education plays a 

crucial role in developing students' logical, 
analytical, and critical thinking skills 
(Fernando et al., 2023). One of the topics that 
often pose challenges for students is matrices 
due to their abstract nature and extensive 
applications across various disciplines, 
including economics, engineering, and 
computer science. Despite its high relevance 
to real-world scenarios, many students 
struggle to comprehend matrix operations, 
determinants, and inverses in depth 
(Handayani, 2021). This difficulty arises from 
conventional teaching approaches that are 
often procedural, lacking emphasis on deep 
conceptual understanding. Therefore, a more 
effective approach is needed to enhance 
students' comprehension while 
simultaneously fostering their critical 
thinking skills. 

The Deep Learning approach in 
education is not merely about utilizing 
artificial intelligence technology but rather a 
learning strategy that prioritizes deep 
understanding over rote memorization and 
mechanical application (Agyeman, 2024). In 
the context of mathematics learning, this 
approach encourages students to explore 
concepts more deeply, connect different 
ideas, and develop a reflective mindset when 
solving problems. It also incorporates 
strategies such as inquiry-based learning, 
problem-solving, and reflective discussions, 
all of which can enhance students' conceptual 
understanding of matrices while developing 
their critical thinking skills. 

Critical thinking is an essential skill 
for students to navigate the challenges of the 
21st century (Azzahra et al., 2023; Mukarima 
et al., 2024). According to Siswanto & 
Andriyani (2024), critical thinking involves 
the ability to analyze problems, evaluate 
information objectively, and make rational 
decisions based on evidence. In matrix 
learning, critical thinking can be 
demonstrated through problem-solving 
activities that require data interpretation, 
proof of matrix properties, and exploration of 
relationships between matrices and real-
world phenomena. If students merely 

memorize formulas without understanding 
the underlying concepts, they will struggle to 
apply them in more complex contexts. 
Therefore, a teaching strategy that trains 
students to think more deeply and 
systematically is essential. 

Previous studies have shown that 
learning approaches emphasizing deep 
understanding are more effective in 
enhancing conceptual comprehension than 
conventional methods. For instance, research 
by Aziz & Zakir (2025) highlights that Deep 
Learning improves analytical and synthesis 
skills in mathematics learning. Another study 
by Adnyana (2024) found that students who 
learn using a deep learning approach tend to 
better connect learned concepts with their 
experiences, leading to improved long-term 
retention and conceptual understanding. 
These findings suggest that this approach 
holds potential for application in matrix 
learning to enhance students' critical thinking 
abilities. 

In Indonesia, the implementation of 
the Kurikulum Merdeka provides greater 
flexibility for learning innovations that 
emphasize problem-solving and critical 
thinking (Rahayu et al., 2022). However, in 
practice, many teachers still rely on lecture-
based expository methods, resulting in one-
way learning that lacks active student 
engagement. In matrix learning, exploring 
concepts and their real-life applications is 
crucial for developing a deeper 
understanding. Therefore, this study aims to 
examine the effectiveness of the Deep 
Learning approach in enhancing the critical 
thinking skills of eleventh-grade students in 
matrix material. 

Moreover, this study considers 
several factors that may influence the 
effectiveness of the Deep Learning approach, 
such as teachers’ readiness to implement this 
strategy, students’ engagement in active 
learning, and the availability of adequate 
learning resources. The implementation of 
this approach follows a structured process 
that includes problem exploration, in-depth 
investigation, reflection, and real-world 
application (Bintang & Imaduddin, 2024). 
Thus, it is expected that this approach will not 
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only improve students’ learning outcomes 
but also equip them with critical thinking 
skills applicable to various fields of life. 

By focusing on the effectiveness of the 
Deep Learning approach, this study aims to 
provide deeper insights into how conceptual 
understanding-based learning strategies can 
help students develop critical thinking skills. 
Additionally, it seeks to explore how this 
approach can be integrated into mathematics 
teaching practices in schools. The findings of 
this research are expected to contribute to the 
advancement of innovative learning 
strategies that foster deeper student 
engagement, enhance conceptual mastery, 
and ultimately prepare students to tackle 
complex real-world problems. 
 
2. METHOD  

This study employs a quasi-
experimental design to examine the 
effectiveness of the Deep Learning 
approach in enhancing the critical thinking 
skills of 10th-grade students on the topic of 
matrices. The study was conducted at 
Muhammadiyah Kalasan Senior High 
School from January to February 2025, 
involving two classes as research samples: 
Class X-A as the experimental group and 
Class X-B as the control group, each 
consisting of 28 students.   

The research follows a nonequivalent 
control group design, beginning with a 
pretest for both groups to measure students' 
initial abilities before the intervention. The 
test instrument used had been previously 
tested in Class XI-A and was deemed valid 
and reliable. The test consisted of six 
questions designed to assess six indicators 
of critical thinking skills based on Ennis 
(1993): focus, reason, inference, situation, 
clarity, and overview.   

Following the pretest, the 
experimental group received instruction 
using the Deep Learning approach, while 
the control group continued with the 
conventional teaching methods typically 
employed by teachers. After the 
intervention, a posttest was administered to 
both groups to evaluate differences in 
students' learning outcomes in the matrix 

material. The research data were analyzed 
using quantitative statistical techniques, 
specifically the independent sample t-test to 
test the hypothesis and the n-Gain test 

based on Hake (1999) to measure the 
improvement in students' critical thinking 
skills after the learning intervention. 
 
3. RESULTS AND DISCUSSION 
Results 

Before conducting the research, the 
researcher prepared a test instrument which 
was then tested first in class XII Natural 
Sciences. After getting the results, the validity 
and reliability are then tested. The calculation 
results are assisted using SPSS-25 as follows. 

Table 1. Validity and Reliability Test Results 

No 

Validity 
(rtable= 0,374) 

Reliability 
(Cronbach's Alpha) 

Rcount Criteria Value Criteria 

1 0,473 Valid 0,628 Reliabel 

2 0,732 Valid 

3 0,512 Valid 

4 0,470 Valid 

5 0,762 Valid 
6 0,583 Valid   

Based on the table above, it can be seen 
that all the question numbers received a 
Pearson Correlation value tcount > ttable (0.321) 
and a Cronbach's Alpha value of 0.628 > 0.05, 
so it can be said that all the question numbers 
are valid and reliable. After the test 
instrument was said to be valid and reliable, 
the researcher then conducted a pretest in the 
experimental and control classes, then the test 
results were tested for normality and 
homogeneity. The results of the normality 
test can be seen in the following table. 

Table 2. Normality Test Results 

Class 
Shapiro-Wilk 

Statistic df Sig. 

Control  .964 28 .439 

Experimental  .949 28 .191 

Based on the table above, it can be seen 
that the results of the Shapiro-Wilk normality 
test with a value of sig. > 0.05 in the control 
class 0.439 and experimental 0.191. Based on 
this, it can be said that the two classes have a 
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normal distribution. Next, homogeneity will 
be tested. The homogeneity test results can be 
seen in the following table. 

Table 3. Homogeneity Test Results 

Nilai 
Levene 
Statistic  df1  df2 Sig. 

Based on Mean .797  1  54 .376 

Based on Median .627  1  54 .432 

Based on Median and 
with adjusted df 

.627  1 52.26 .432 

Based on trimmed mean .778  1  54 .382 

Based on the table above, it can be seen 
that the sig. from based on mean, namely 
0.376 > 0.05. It can be said that the two data 
are homogeneous. After the two classes are 
said to be normal and homogeneous, the 
hypothesis will then be tested using the 
independent sample t-test, with the following 
results. 

Table 4. Independent sample t-test results 

Value 

t-test for Equality of Means 

t df 

Sig. (2-

tailed) 

Mean 

Difference 

Std. Error 

Difference 

95% Confidence 
Interval of the 

Difference 

Lower Upper 

Equal 
variances 

assumed 

4.55 54 .000 1083.17 237.57 606.86 1559.49 

Equal 
variances 
not 

assumed 

4.55 50.22 .000 1083.17 237.57 606.04 1560.31 

Based on the table above, it can be seen 
that the sig (2-tailed) value is 0.000 < 0.05, 
which shows that the Deep Learning 
approach is effective in students' critical 
thinking abilities in matrix material. The 
increase in each indicator of critical thinking 
can be seen in the following picture 

 
Figure 1. Percentage of Critical Thinking 

Ability 

Based on the results of the analysis, there 

was an increase in scores for each indicator after 

being given treatment. The Focus indicator 

increased from 75.00 in the pretest to 92.14 in 
the posttest with a difference of 17.14. The 

Reason indicator increased from 65.71 to 87.86 

with a difference of 22.14. The Inference 
indicator experienced a significant increase, 

namely from 44.29 to 87.86 with a difference of 

43.57. The Situation indicator showed the 
highest increase, from 37.14 on the pretest to 

93.57 on the posttest with a difference of 56.43. 

Meanwhile, the Clarity indicator increased from 

51.43 to 88.57 with a difference of 37.14, and the 
Overview indicator experienced the smallest 

increase, namely from 60.71 to 67.14 with a 

difference of 6.43.  As well as the learning 
achievements of experimental class students on 

matrix material can be seen in the following 

figure. 

 
Figure 2. Student Matrix Learning 
Achievement Results 

Based on the picture above, descriptive 
analysis of the number of participants in this 
study was 28 people. At the pretest stage, 
the minimum score obtained was 36.67, 
while the maximum score reached 76.67, 
with a total score of 156,002 and an average 
of 55.71. After being given treatment, the 
posttest results showed an improvement 
with a minimum score of 66.67 and a 
maximum score of 100. The total number of 
posttest scores was 241,331 with an average 
of 86.18. Next, an n-Gain test was carried out 
to determine the increase in students' 
critical thinking skills with the following 
calculations. 

〈g〉 =
𝑆𝑝𝑜𝑠𝑡 − 𝑆𝑝𝑟𝑒
𝑆𝑀𝐼 − 𝑆𝑝𝑟𝑒

=
86,18 − 55,71

100 − 55,71
=
30,47

44,29
= 0,68 

From the calculation results above, it 

shows that the average pretest and posttest 
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value in the N-Gain calculation is 0.68. So it 

can be said that there is an increase in critical 

thinking skills in the moderate category. 

Discussion 
Based on the research findings, the 

validity and reliability tests of the test 
instrument indicated that all question items 
met the criteria for validity and reliability. 
The validity test using SPSS-25 showed that 
each question item had a Pearson 
Correlation value where tcount > ttable (0.321), 
categorizing the items as valid. 
Additionally, the Cronbach’s Alpha value 
of 0.628 indicated that the instrument had a 
fairly good level of reliability. 

After confirming the instrument’s 
validity and reliability, normality and 
homogeneity tests were conducted to 
ensure that the data met the assumption of 
normal distribution and had homogeneous 
variance. The normality test using the 
Shapiro-Wilk method showed that the 
significance values for the control group 
(0.439) and the experimental group (0.191) 
were both greater than 0.05, indicating that 
the data were normally distributed. 
Similarly, the homogeneity test using 
Levene’s Test showed a significance value 
of 0.376, which was greater than 0.05, 
confirming that both groups had equal 
variance. 

Subsequently, a hypothesis test was 
conducted using an independent sample t-
test to determine the effectiveness of the 
Deep Learning approach in enhancing 
students' critical thinking skills on matrix 
material. The results showed a significance 
value (2-tailed) of 0.000, which was less than 
0.05, indicating a significant difference 
between the experimental and control 
groups after the intervention. These 
findings align with the study conducted by 
Aziz & Zakir (2025) which stated that the 
Deep Learning approach enhances 
students’ critical thinking skills by 
encouraging in-depth exploration and 
better conceptual understanding. 

Further analysis of critical thinking 
indicators revealed a significant 
improvement following the implementation 

of the Deep Learning approach. The 
Situation indicator showed the highest 
increase of 56.43 points, while the Overview 
indicator exhibited the smallest increase of 
6.43 points. This finding suggests that the 
Deep Learning approach is more effective in 
improving situational analysis skills 
compared to the ability to summarize 
overall concepts. These results are 
consistent with the studies conducted by 
Afifah & Kusuma (2021), Rismayanti et al. 
(2022) and Utami (2022), which stated that 
critical thinking involves more complex 
analytical skills and requires intensive 
practice to improve significantly. 

Additionally, students' academic 
performance also showed a significant 
improvement after the intervention. The 
average pretest score of 55.71 increased to 
86.18 in the posttest, with the minimum 
score rising from 36.67 to 66.67 and the 
maximum score from 76.67 to 100. This 
result was further supported by an N-Gain 
calculation of 0.68, indicating a moderate 
level of improvement. These findings 
reinforce the studies conducted by Azis et 
al. (2025), Hariyanti (2024) and Herliani 
(2025), which concluded that the Deep 
Learning approach significantly enhances 
students’ conceptual understanding and 
learning outcomes. 

Overall, the results of this study 
demonstrate that the Deep Learning 
approach is highly effective in improving 
students' critical thinking skills in matrix 
material. The significant improvement 
across all critical thinking indicators 
suggests that this teaching strategy 
successfully encourages students to think 
more analytically, reflectively, and logically 
when solving mathematical problems. This 
conclusion is further supported by research 
conducted by Adna et al. (2022), Farohi & 
Parhan (2024) and Fauziyah et al. (2024), 
which emphasized that learning based on 
deeper information processing helps 
students connect previously learned 
concepts with real-world experiences. 

Thus, this study makes a significant 
contribution to the field of education, 
particularly in the development of 
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instructional strategies that enhance 
students’ critical thinking skills. The 
findings suggest that the Deep Learning 
approach can serve as an effective 
alternative in mathematics education, 
particularly for teaching concepts that 
require deep understanding and critical 
analysis. Therefore, further research can be 
conducted to explore how this approach can 
be applied in various learning contexts to 
improve the overall quality of education. 

 
4. CONCLUSION   

Based on research results, the Deep 
Learning approach has proven to be effective 
in improving students' critical thinking skills 
in matrix material. Testing the validity and 
reliability of the instrument shows that the 
questions used meet the valid and reliable 
criteria. The research data also meets the 
assumptions of normal and homogeneous 
distribution, so that the analysis results can be 
trusted.  The results of the independent 
sample t-test showed that there was a 
significant difference between the 
experimental and control groups after being 
given treatment, with a significance value of 
0.000 <0.05. The significant increase in critical 
thinking indicators was mainly seen in the 
Situation aspect (56.43), while the Overview 
aspect experienced the smallest increase 
(6.43). In addition, the students' average score 
increased from 55.71 (pretest) to 86.18 
(posttest) with an N-Gain of 0.68 (medium 
category), which shows a significant increase 
in students' critical thinking abilities. Further 
research can be conducted to develop the 
application of this strategy in various 
learning contexts to improve the overall 
quality of education. 

 
REFERENCES 

Adna, S. F., Nasution, N. B., & Gunawan. 
(2022). Efektifitas E-Modul Berbasis 
Kumon Berbantuan Moodle terhadap 
Kemampuan Pemahaman Konsep 
Matematis Mahasiswa. Delta : Jurnal 
Ilmiah Pendidikan Matematika, 10(2), 
243–250. 

Adnyana, I. K. S. (2024). Implementasi 
Pendekatan Deep Learning dalam 

Pembelajaran Bahasa Indonesia. 
Jurnal Retorika, 5(1), 1–14. 

Afifah, S. N., & Kusuma, A. B. (2021). 
Pentingnya Kemampuan Self-Efficacy 
Matematis serta Berpikir Kritis pada 
Pembeljaran Daring Matematika. 
JURNAL MathEdu (Mathematic 

Education Journal), 4(2), 313–320. 
Agyeman, N. Y. B. (2024). Deep learning in 

high schools : exploring pedagogical 
approaches for transformative 
education. Humanika, Kajian Ilmiah 
Mata Kuliah Umum, 24(2), 111–126. 

Azis, A., Junanto, S., & Muttaqin, Z. (2025). 
Implementasi Pembelajaran PAI 
Dengan Pendekatan Active Deep 
Learner Experience (ADLX) Di SMA 
ABBS Surakarta. AL-MURABBI: Jurnal 
Studi Kependidikan Dan Keislaman, 
11(2), 39–49. 

Aziz, A., & Zakir, S. (2025). Implementasi 
Pendekatan Deep Learning dalam 
Peningkatan Kualitas Pembelajaran di 
SDN 1 Wulung, Randublatung, Blora. 
Indonesian Research Journal on 
Education, 5(1), 451–457. 

Azzahra, U., Arsih, F., & Alberida, H. (2023). 
Pengaruh Model Pembelajaran 
Project-Based Learning (PjBL) 
terhadap Keterampilan Berpikir 
Kreatif Peserta Didik pada 
Pembelajaran Biologi: Literature 
Review. Biochephy: Journal of Science 
Education, 3(1), 49–60. 

Bintang, Y. K., & Imaduddin, H. (2024). 
Pengembangan Model Deep Learning 
Untuk Deteksi Retinopati Diabetik 
Menggunakan Metode Transfer 
Learning. JIPI (Jurnal Ilmiah Penelitian 
Dan Pembelajaran Informatika), 9(3), 
1442–1455. 

Ennis, R. H. (1993). Critical Thinking 
Assessment. Theory Into Practice, 32(3), 
179–186. 

Farohi, A., & Parhan, M. (2024). 
Pembelajaran IPS Berbasis 
Neurosains: Integrasi Tahapan 
Pemrosesan Informasi dalam 
Psikologi Kognitif dengan 
Pendekatan REACT. Jurnal 
Kependidikan, 13(2), 2563–2576. 



       Jurnal Karya Pendidikan Matematika Vol 12 No 1  (2025)  E ISSN : 2549 – 8401 P ISSN : 2339-2444 

85 

http://jurnal.unimus.ac.id/index.php/JPMat/index 

 

Fauziyah, Sugiman, & Munahefi. (2024). 
Transformasi Pembelajaran 
Matematika melalui Media 
Augmented Reality: Keterlibatan 
Siswa dan Pemahaman Konseptual. 
PRISMA, Prosiding Seminar Nasional 
Matematika, 7, 936–943. 

Fernando, L., Gálvez, P., Rodrigo, J., 
Granada, G., & Moreno, D. B. (2023). 
Strengthening Critical Thinking in 
Engineering Students through 
Mathematics: The Power of Attitudes. 
Journal of Hunan University Natural 
Sciences, 50(7), 1–10. 
https://doi.org/10.55463/issn.1674-
2974.50.7.18 

Hake, R. R. (1999). Analyzing Change/Gain 
Scores. Dept. of Physics, Indiana 
University, 16(7), 1073–1080. 

Handayani. (2021). Peningkatan Hasil 
Belajar Mendeskripsikan Konsep 
Dasar Matriks Pada Mata Pelajaran 
Matematika Melalui Model 
Pembelajaran Bowling Kampus Siswa 
Kelas XI TEI A SMK Negeri 1 
Jenangan. Jurnal Merdeka Mengajar, 
II(2021), 12–18. 

Hariyanti, M. (2024). Deep Learning pada 
Pembelajaran “Engkong Banjit” (Best 
Practice Dari P5RA MIN 2 Banjit, Way 
Kanan). SAIBUMI: Sinergi Aksi Inovasi 
Budaya Menulis Inspiratif, II(2), 90–101. 

Herliani, Y. (2025). Penerapan Strategi 
Pembelajaran Kontekstual Berbasis 
Deep Learning untuk Meningkatkan 
Kemampuan Siswa SMK Profita Kota 
Bandung dalam Menganalisis Teks 
Negosiasi. SABER: Jurnal Teknik 
Informatika, Sains Dan Ilmu Komunikasi 
Volume, 3(1), 273–282. 

Mukarima, U. S., Setiawan, A., Ningsih, E. 
F., & Choirudin. (2024). Penerapan 
Model Problem Based Learning 
Dengan Media Pembelajaran Magic 
Board Untuk Meningkatkan 
Kemampuan Berpikir Kritis. Jurnal 
Penelitian Tindakan Kelas, 1(3), 152–
155. 

Rahayu, R., Rosita, R., Rahayuningsih, Y. S., 
Hernawan, A. H., & Prihantini. (2022). 
Implementasi Kurikulum Merdeka 

dalam Sekolah Penggerak. Jurnal 
Pendidikan, Bahasa Dan Budaya, 1(1), 
179–188. 
https://doi.org/10.55606/jpbb.v1i1.8
60 

Rismayanti, T. A., Anriani, N., & Sukirwan, 
S. (2022). Pengembangan E-Modul 
Berbantu Kodular pada Smartphone 
untuk Meningkatkan Kemampuan 
Berpikir Kritis Matematis Siswa SMP. 
Jurnal Cendekia: Jurnal Pendidikan 
Matematika, 6(1), 859–873. 
https://doi.org/10.31004/cendekia.v
6i1.1286 

Siswanto, D. H., & Andriyani. (2024). 
Analisis kemampuan berpikir kritis 
dalam penyelesaian masalah matriks 
berkonteks perjalanan wisata. Buletin 
Edukasi Indonesia (BEI), 3(03), 93–103. 

Utami, H. B. (2022). Pentingnya 
Kemampuan Berpikir Kritis dalam 
Dunia Pendidikan Matematika. J-
PiMat : Jurnal Pendidikan Matematika, 
4(2), 529–538. 
https://doi.org/10.31932/j-
pimat.v4i2.2025 

 

 


