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ABSTRACT

Mathematical problem-solving ability is an essential competency in mathematics learning; however,
research conducted during 2022-2025 consistently indicates that junior high school students’
problem-solving ability remains in the low category. Students tend to apply formulas without
understanding the problem context and rarely verify their solutions. This study aims to examine: (1)
whether there is a significant difference in mathematical problem-solving ability between students
taught using the Deep Learning approach and those taught using a conventional approach; and (2)
whether the improvement in mathematical problem-solving ability of students using the Deep
Learning approach is better than that of students using the conventional approach. This study
employed a quantitative method with a quasi-experimental design (Nonequivalent Pretest-Posttest
Control Group Design), involving 61 eighth-grade students at SMP Negeri 1 Jatiwangi: 31 students in
the experimental class (VIII-E) and 30 students in the control class (VIII-H). Data were collected
through essay tests based on Polya’s problem-solving indicators and analyzed using independent
samples t-test and Welch’s T’ test via IBM SPSS Statistics 26.0. The results show that: (1) there is a
significant difference in posttest scores between the two classes (sig./2 = 0.0115 < 0.05), with the
experimental class mean (56.42) higher than the control class (51.33); and (2) the improvement of
the experimental class (N-Gain = 0.3013; moderate category) is significantly better than the control
class (N-Gain = 0.1920; low category), based on Welch’s T’ test (sig./2 = 0.0015 < 0.05). These
findings confirm that the Deep Learning effectively enhances students’ mathematical problem-
solving ability.

Keywords: deep learning approach; mathematical problem-solving ability; n- gain; problem based
learning; quasi-experimental.

ABSTRAK

Kemampuan pemecahan masalah matematika merupakan kompetensi penting dalam pembelajaran
matematika; namun, penelitian yang dilakukan selama tahun 2022-2025 secara konsisten
menunjukkan bahwa kemampuan pemecahan masalah siswa SMP masih berada pada kategori rendah.
Siswa cenderung menerapkan rumus tanpa memahami konteks masalah dan jarang memverifikasi
solusi mereka. Penelitian ini bertujuan untuk menguji: (1) apakah terdapat perbedaan signifikan
dalam kemampuan pemecahan masalah matematika antara siswa yang diajar menggunakan
pendekatan Deep Learning dan siswa yang diajar menggunakan pendekatan konvensional; dan (2)
apakah peningkatan kemampuan pemecahan masalah matematika siswa yang menggunakan
pendekatan Deep Learning lebih baik daripada siswa yang menggunakan pendekatan konvensional.
Penelitian ini menggunakan metode kuantitatif dengan desain kuasi-eksperimental (Desain Kelompok
Kontrol Non-ekuivalen Pretest-Posttest), yang melibatkan 61 siswa kelas delapan di SMP Negeri 1
Jatiwangi: 31 siswa di kelas eksperimen (VIII-E) dan 30 siswa di kelas kontrol (VIII-H). Data
dikumpulkan melalui tes esai berdasarkan indikator pemecahan masalah Polya dan dianalisis
menggunakan uji t sampel independen dan uji T Welch melalui IBM SPSS Statistics 26.0. Hasil
menunjukkan bahwa: (1) terdapat perbedaan signifikan pada skor posttest antara kedua kelas (sig./2
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=0,0115<0,05), dengan rata-rata kelas eksperimen (56,42) lebih tinggi daripada kelas kontrol (51,33);
dan (2) peningkatan kelas eksperimen (N-Gain = 0,3013; kategori sedang) secara signifikan lebih baik
daripada kelas kontrol (N-Gain = 0,1920; kategori rendah), berdasarkan uji T Welch (sig./2 = 0,0015 <
0,05). Temuan ini menegaskan bahwa Deep Learning secara efektif meningkatkan kemampuan
pemecahan masalah matematika siswa.

Kata kunci: kemampuan pemecahan masalah matematis; n-gain; pendekatan deep learning; problem
based learning; quasi-eksperimental.

This is an open access article under the_Creative Commons Attribution 4.0 International
EY License

Introduction

This study examines the effectiveness of the Deep Learning approach in a
pedagogical context, rather than artificial intelligence focused on Self-Regulated
Learning (SRL) plays a significant role in enhancing the mathematical problem-
solving abilities of junior high school students. Through a quasi-experimental design
involving 61 eighth-grade students, this study tests whether the integration of the
three pillars of Deep Learning (mindful, meaningful, and joyful learning) with the
three phases of SRL (forethought, performance, and self-reflection) can improve
problem-solving skills in a more structured and measurable way at each stage of
Polya’s model compared to conventional learning.

Mathematical problem-solving skills are an essential competency that
continues to be emphasized in national education policies and international
standards. PISA 2022 data ranks Indonesia 70th out of 81 countries in mathematics
proficiency (average score of 366 vs. the OECD average of 472), while the 2023
ANBC results reveal that more than 60% of junior high school students have not yet
achieved the minimum numeracy proficiency (OECD, 2023; Ministry of Education,
Culture, Research, and Technology, 2023). Various local studies from 2022 to 2025
consistently show that junior high school students tend to apply formulas
procedurally without understanding the problem context, struggle with non-routine
problems, and rarely verify their solutions (Aulia & Hidayati, 2023; Hafizah et al,,
2025; Manjaniawati et al., 2024; Ramlah et al., 2024; Sriwahyuni & Maryati, 2022).
This situation is exacerbated by the dominance of conventional, teacher-centered
learning, in which students merely receive content without developing the thinking
skills needed to apply knowledge to new situations (Prihandhika et al.,, 2022). In this
study, it was found that students who have visual, auditory and kinesthetic learning
styles have different ways of solving problems (Ningrum et al., 2025). Based on the
results of the problem-solving ability to complete statistical questions, students who
have high and medium problem-solving abilities (Vahlia et al., 2022).

The ability to solve mathematical problems is fundamentally based on Polya’s
(1973) four traditional phases: grasping the problem, devising a strategy, carrying
out the strategy, and verifying the outcomes. Santos-Trigo (2024) emphasizes that
current research no longer focuses solely on the final answer, but rather on how
students formulate, represent, explore, and communicate the problem-solving
process. Mathematics learning should not only be oriented toward improving
student learning outcomes, but also toward improving problem-solving skills
(Komariya et al.,, 2018). Schoenfeld (1985) adds a metacognitive dimension as a
determining factor of success, while the NCTM (2000) underscores that problem-
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solving is the primary vehicle for meaningful mathematics learning thus its
development requires an approach that fosters deep conceptual understanding, not
merely procedural mastery.

The Deep Learning approach in a pedagogical context refers to a process that
enables students to deeply understand the meaning of the material, connect new
knowledge with prior experiences, and use it to solve real-world problems (Marton
& Saljo, 1976; Fullan et al,, 2014), grounded in three pillars: mindful learning,
meaningful learning, and joyful learning. Self-Regulated Learning (SRL) is defined as
the ability to actively participate in learning through metacognitive, motivational,
and behavioral processes (Zimmerman, 1990), across three phases: forethought,
performance, and self-reflection. The integration of these two creates pedagogical
synergy: mindful learning supports the forethought phase (understanding and
planning), meaningful learning strengthens the performance phase (implementing
contextual strategies), and joyful learning drives the self-reflection phase
(examining and evaluating solutions). SRL contributes 40.1% to problem-solving
ability with a correlation coefficient of 0.634 (Alyani & Ramadhina Ramadhina,
2022).

Numerous pertinent studies support this research. Showed that pedagogical
Deep Learning has a beneficial effect on problem-solving abilities and motivation to
learn (Bambang et al, 2025;Trisnawati & Wijayanto 2025) confirmed the
effectiveness of the Flipped Classroom when integrated with Deep Learning;
Salsabila & Asih (2024) demonstrated through a meta-analysis that PBL has a
significant effect on problem-solving skills; and Ley Leana & Khofial Luthfi (2024)
and Pratiwi et al. (2025) confirmed the significant role of SRL in managing the
mathematical problem-solving process.

Although these studies provide a strong foundation, a significant gap remains:
no study has explicitly integrated pedagogical Deep Learning with SRL as a unified
framework for junior high school students, nor has it systematically tested its impact
on each of Polya’s indicators (Santiani, 2025; Girsang & Rahayu, 2025). This study
aims to address this gap.

The novelty of this study lies in the explicit mapping of the integration of Deep
Learning-SRL to each of Polya’s indicators: mindful learning-forethought supports
understanding the problem and formulating a plan; meaningful learning-
performance supports executing the plan; and joyful learning-self-reflection
supports reviewing the process. Based on this background, this study aims to: (1)
test whether there is a significant difference in mathematical problem-solving
ability between students using the SRL-based Deep Learning approach and those
using the conventional approach; and (2) test whether the improvement in
mathematical problem-solving ability among students using the SRL-based Deep
Learning approach is greater than that of the conventional approach.

Based on the above discussion, the hypotheses of this study are as follows: (1)
there is a difference in the mean mathematical problem-solving ability between
students taught using the Integrated Deep Learning and Self-Regulated Learning
approach and students taught using the conventional approach; and (2) the
improvement in mathematical problem-solving ability among students taught using
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the Integrated Deep Learning and Self-Regulated Learning approach is greater than
that of students taught using the conventional approach.
Research Methods

This study adopts a quantitative approach with a quasi-experimental design,
namely the Nonequivalent Pretest-Posttest Control Group Design (Creswell, 2023),
which is suitable for educational settings where random assignment is impractical
while still enabling the control of internal validity threats, such as history and
maturation effects, through the use of a control group and pretest measures. The
design framework is presented in Table 1.

Table 1. Nonequivalent Pretest-Posttest Control Group Design

Class Pretest Treatment Posttest
Eksperiment (A) 01 X1 02
Control (B) 03 X2 O4
Explanation :

0, : Pretest (before treatment) in the experimental group

0, : Posttest (after treatment) in the experimental group

05 : Pretest (before treatment) in the control group

0, : Posttest (after treatment) in the control group

X1 : Implementation of Deep Learning Approach Based on Self-Regulated Learning
X2 : Implementation of Teacher-Centered Learning Approach

The study was conducted at SMP Negeri 1 Jatiwangi, Majalengka Regency,
during the second semester of the 2025/2026 academic year. The research subjects
were 61 eighth-grade students, consisting of Class VIII-E as the experimental class
(n=31) and Class VIII-H as the control class (n = 30). The sample was selected using
purposive sampling based on the equivalence of mathematics report card scores
from the odd semester, homogeneity in class size, and the school’s readiness.
Confirmation of equivalence in initial ability was conducted via a t-test on pretest
data, which indicated no significant difference in the initial ability of the two classes
before the intervention was administered.

The study was conducted over six sessions (each 2 x 40 minutes): one session
for the pretest, four treatment sessions, and one session for the posttest. The pretest
and posttest were administered during regular class hours in their respective
classrooms, with a duration of 80 minutes, in a closed room, and under the
supervision of the researcher and the teacher. The pretest and posttest questions
used identical instruments to ensure a fair comparison.

The control class (VIII-H) received instruction using the Teacher-Centered
Learning (TCL) approach, or teacher-centered direct instruction. This approach was
chosen as the comparison condition because it represented the mathematics
teaching practices commonly implemented at SMP Negeri 1 Jatiwangi prior to the
research intervention. The control class’s instructional design differed structurally
from that of the experimental class in three main aspects: the teacher’s role, the
students’ role, and the learning mechanisms.

The instructional practices implemented in the experimental and control
groups differed substantially. In the experimental group, learning was conducted
through a problem-based constructivist approach in which the teacher served as a
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facilitator, while students actively engaged in solving problems and managing their
own learning. In contrast, the control group received instruction through a
transmissive approach, where the teacher functioned as the primary source of
knowledge and students assumed a more passive role in receiving information. This
difference lies not in the content of the SPLDV material which is the same for both
but in the process, the depth of cognitive engagement, and the presence or absence
of self-regulation mechanisms facilitated during learning.

Control of external variables was achieved through several strategies. First,
the researcher personally taught both classes to minimize differences in teaching
style. Second, the curriculum, time allocation, and number of practice questions
were standardized across both classes. Third, the class schedules for the two classes
were designed to avoid overlap to prevent cross-class contamination. Fourth, during
the study, there were no special school events (national exams, sports week, or long
holidays) that could potentially disrupt the learning process unevenly. The
flowchart of the study is presented in Figure 1.

L PENGAMBILAN DATA PRETEST J

v v v

( KELAS EKSPERIMEN ] [ KELAS KONTROL ]
DEEP LEARNING TCL
(4 PERTEMUAN) (4 PERTEMUAN)

PENGAMBILAN DATA POSTTEST

UJI NORMALITAS UJI HOMOGENITAS
(SHAPIRO-WILK) (LEVENE)

[ UJI T DUA SAMPEL INDEPENDEN J

[ INTERPRETASI HASIL J

Figure 1. Research Flowchart

The instrument used in this study was a mathematical problem-solving test
comprising essay questions related to the System of Linear Equations in Two
Variables (SPLDV). The instrument was developed through a systematic procedure
comprising three main stages: development, validation, and empirical testing.

Development Stage. The instrument was developed based on Polya’s (1973)
four indicators: understanding the problem, formulating a plan, executing the plan,
and reviewing the solution. Initially, four contextual essay items on SPLDV were
developed using a rubric that included core competencies, Bloom’s cognitive levels,
and score allocation, to enable selection based on empirical quality.

Validation Stage. Two mathematics education specialists reviewed and validated the
instrument. from Singaperbangsa Karawang University, covering content, construct,
and linguistic validity (Likert scale 1-4). Based on the validators’ feedback, editorial
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revisions were made to the questions and scoring rubric to ensure the score
descriptors were more operational and consistent.

Scoring uses an item-by-item analytical rubric with a maximum score of 12
per item (maximum total score = 24 for the two selected items), with the following
breakdown: (1) understanding the problem score 0-2 (0 = did not identify any
information; 0<x<2 = partial information; 2 = all information identified); (2)
planning the solution score 0-3 (0 = no mathematical model; 0<x<2 = correct
variables but incomplete model; 1<x<3 = 1-2 correct equations; 3 = all equations
correct and complete); (3) implementing the plan score 0-4 (0 = no calculations;
O<x<2 = incorrect method; 1<x<3 = correct method but incorrect result; 2<x<4 =
one variable value correct; 4 = the entire solution is systematic and correct); (4)
checking score 0-3 (0 = no verification; 0<x<2 = calculation errors or incorrect
conclusions; 1<x<3 = verification is correct but conclusions are incomplete; 3 =
verification of the original equations is correct and conclusions are complete). The
student’s final score is obtained by converting the total score to a 0-100 scale. This
rubric was validated by two mathematics education experts before use.

Before use, the instrument was pilot-tested on 30 ninth-grade students in
Class IX-D at SMPN 1 Jatiwangi who had studied SPLDV in the previous grade level.
The pilot test results showed that all test items met the validity criteria, as
presented in Table 2.

Table 2. Summary of Instrument Quality Analysis Results

Item Validity (r)  Reliability(a) Difficulty Index Discriminant
(IK) Power (DP)

Soal 1 0,747 0,533 (Sedang) 0,450 (Baik)
(Tinggi/Baik)

Soal 2 0,837 0,527 (Sedang) 0,669 (Baik)
(Tinggi/Baik) : 0'7.79 K

Soal 3 0,826 (Tinggi/Baik) () c41 (Sedang) 0,699 (Baik)
(Tinggi/Baik)

Soal 4 0,780 0,642 (Sedang) 0,664 (Baik)
(Tinggi/Baik)

Based on the results of the instrument pilot test in Table 2, it was found that
all items in the test of students’ mathematical problem-solving skills were valid, had
good reliability, and demonstrated good discriminative power. In addition, all items
fell into the moderate difficulty category. Based on the results of the pilot test of the
4 test items that met the criteria for validity, reliability, discriminative power, and
difficulty level, 2 test items were selected for use in the study, namely item number
1 and item number 3.

Data analysis was performed using inferential statistics via IBM SPSS
Statistics 26.0, following a step-by-step procedure as described below. First,
prerequisite tests were conducted prior to hypothesis testing, including: (a) the
Shapiro-Wilk normality test at the a level of 0.05 (selected because n < 50 per class,
which is more sensitive than the Kolmogorov-Smirnov test for small samples); and
(b) Variance homogeneity was assessed through Levene’s test at the 0.05
significance level. The results of the assumption tests then guided the choice of
inferential analysis. Data that fulfilled the assumptions of normality and equal
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variances were analyzed using the Independent Samples t-test. When normality was
satisfied but homogeneity of variance was violated, Welch’s t-test was applied. In
cases where the normality assumption was not fulfilled, the Mann-Whitney U test
was selected for statistical analysis.

Three sets of data were analyzed: (1) pretest score to test the equivalence of
initial ability; (2) posttest scores to test the first hypothesis regarding differences in
final ability between classes; (3) normalized N-Gain scores to test the second
hypothesis regarding differences in ability improvement between classes. The
selection of statistical tests was based on the characteristics of the data distribution
obtained from the prerequisite tests. The Independent Samples t-test was applied
when the data satisfied both the normality and homogeneity of variance
assumptions because this test is the most appropriate and efficient parametric
procedure for comparing two independent groups under those conditions
(Creswell, 2023). Conversely, When the data were normally distributed but
exhibited unequal variances across groups, Welch’s t-test was selected. As an
adaptation of the conventional t-test, it is less sensitive to violations of the
homogeneity of variance assumption and provides more valid results in the
presence of heteroscedasticity (Creswell, 2023).

This study complied with applicable ethical procedures. Before the research
was carried out, permission was obtained from the Principal of SMP Negeri 1
Jatiwangi to conduct the study. The eighth-grade mathematics teacher was involved
in the planning and supervision of the study. Parents and guardians were informed
about the study’s objectives and the students’ participation. All students
participated voluntarily without coercion, and student identities were kept
confidential in the reporting of results. The data collected was used solely for
scientific purposes and did not interfere with the students’ regular learning process.

Results and Discussion

This study was conducted at SMP Negeri 1 Jatiwangi during the second
semester of the 2025/2026 academic year, involving two eighth-grade classes.
Grade 8-E, as the experimental class (n = 31), received instruction using a Deep
Learning approach integrated with Self-Regulated Learning (SRL) through the
Problem-Based Learning (PBL) framework, while Grade 8-H, as the control class (n
= 30), received conventional instruction based on Teacher-Centered Learning. Both
classes studied the topic of Systems of Linear Equations with Two Variables (SPLDV)
over four sessions with equal time allocation. Data were collected through pretests
and posttests using essay questions based on Polya’s problem-solving indicators
and analyzed using IBM SPSS Statistics 26.0.

The experimental class learning was implemented through five PBL stages
that integrated the Deep Learning pillars and SRL phases: (1) Problem Orientation
(mindful learning—forethought): identification of variables and context of SPLDV
problems; (2) Group Organization (forethought—performance): heterogeneous
discussions to agree on strategies; (3) Independent/Group Investigation
(meaningful learning performance): construction of contextual mathematical
models; (4) Presentation of Results (joyful learning—performance): presentation
and comparison of solutions between classes; and (5) Analysis and Evaluation
(joyful learning self-reflection): verification of answers and writing of learning
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reflections. The control class received Teacher-Centered Learning without a
structured SRL mechanism.

The study findings suggest that integrating Deep Learning with Self-
Regulated Learning (SRL) produces a stronger positive effect on students’
mathematical problem-solving performance than conventional teaching methods.
Students in the experimental group obtained a higher average posttest score (56.42)
than those in the control group (51.33), and the independent samples t-test
demonstrated that this difference was statistically significant (p = 0.023 < 0.05).
From an educational perspective, this 5.09-point difference—though numerically
small reflects a meaningful distinction in students’ ability to move beyond the
procedural application of formulas toward an understanding of the actual problem
context, structured planning, and solution verification.

The experimental group obtained an average N-Gain score of 0.3013, which
falls within the moderate category, whereas the control group achieved an average
N-Gain 0f 0.1920, categorized as low. The results of Welch’s t-test confirmed that the
difference in improvement between the two groups was statistically significant
(sig./2 = 0.0015 < 0.05). From an educational perspective, these findings suggest
that students in the experimental group experienced a normalized learning gain
approximately 57% higher than those in the control group, reflecting a meaningful
difference in the depth and quality of learning attained. Students in the experimental
class progressed from superficial procedural responses toward more reflective,
structured, and metacognitively aware problem-solving. It is worth noting that
neither class reached the high N-Gain threshold (>0.70), indicating that while this
integrated approach is effective, there is still room for further optimization for
example, by increasing the frequency of structured SRL sessions or integrating
digital scaffolding tools. These findings reinforce the study’s main argument:
pedagogically integrating Deep Learning with SRL, operationalized through the PBL
framework, creates learning conditions that systematically support each stage of
Polya’s problem-solving framework.

From a constructivist perspective, these findings align with Vygotsky’s
(1978) Zone of Proximal Development: a PBL-based Deep Learning environment
provides scaffolding that guides students from procedural tasks toward more
complex problem-solving. Ausubel’s (1968) theory of meaningful learning explains
this improvement: linking SPLDV problems to real-world contexts allows for the
assimilation of new knowledge into existing cognitive structures. Flavell’s (1979)
metacognitive theory explains the experimental class’s advantage: the structured
SRL phase provides explicit metacognitive triggers goal setting (forethought),
strategy monitoring (performance), and evaluative reflection (self-reflection) that
are absent in teacher-led learning. Santos-Trigo (2024) reinforces this by asserting
that contemporary problem-solving research shifts the emphasis from final answers
to the processes of formulation, representation, and communication. This study fills
a gap by mapping mindful learning to forethought, meaningful learning to
performance, and joyful learning to self-reflection resulting in a more structured
theoretical integration compared to previous research. Documentation of learning
activities reflecting the implementation of these three pillars of Deep Learning and
the SRL phases is presented in Figure 2.
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o T

Figure 2. Documentation of Deep Learning Instructional Activities Based on
Self-Regulated Learning

Documentation of the Deep Learning-based Self-Regulated Learning
activities in the experimental class is presented in Figure 2. The figure shows group
discussion activities and presentations of problem-solving results. In the left image,
students are discussing how to solve the given problem, reflecting the performance
phase as students actively exchange ideas, test strategies, and apply problem-
solving procedures. In the right image, students present the results of their
discussion with the teacher’s guidance, which supports the self-reflection phase
through evaluation and feedback on learning outcomes. These activities reflect
active, collaborative, meaningful, and enjoyable learning in line with the three pillars
of Deep Learning: mindful learning, meaningful learning, and joyful learning
(Piscayanti et al., 2022; Raup et al., 2022).

The enhanced performance of the experimental group can be understood
through the synergy between the three stages of Self-Regulated Learning and the
three pillars of Deep Learning embedded in the Problem-Based Learning
framework. In the forethought phase, which aligns with mindful learning, students
set goals, identify variables, and formulate a plan before performing calculations
supporting the first two of Polya’s indicators: understanding the problem and
formulating a plan. In the performance phase, which aligns with meaningful
learning, students construct mathematical models from real-life contexts and
monitor strategies independently, fulfilling Ausubel’s (1968) principle of
subsumption and supporting the indicator of executing a plan. Xie et al. (2024)
confirm that SRL feedback during task execution enhances problem-solving
performance through the reinforcement of metacognitive monitoring. In the self-
reflection phase, aligned with joyful learning, students present solutions, receive
feedback, and verify answers fostering metacognitive capacity to evaluate and
revise strategies as conceptualized by Schoenfeld (1985). A positive collaborative
atmosphere also reduces psychological barriers to acknowledging mistakes, which,
according to Hallarte et al. (2024), is positively associated with self-regulation in
mathematics learning. The PBL framework is thus not merely a mechanism for
delivering content, but a structural medium that enables each pillar of Deep
Learning and the SRL phase to be operationalized simultaneously across each
measurable Polya indicator.

The improvement in the problem-solving skills of students in the
experimental class can be observed qualitatively by comparing their answers on the
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pretest and posttest. Figures 2 and 3 below present examples of students’ answers
to SPLDV questions in the experimental class.

o .
: uLr
a)- Di¢ : Angi membeli 3 es knm dao 2 b\iﬁu—
udi membel | esecim do@ 3 ?stu'n—
fini Membel 5eserin  dao b

3xt2y =p4.000
X+32Y= (5000

Figure 3. Pretest Answers from Students in the Experimental Class
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Figure 4. Posttest Answers of Students in the Experimental Class

A comparison of the two figures shows a significant improvement in the
students’ problem-solving skills. In Figure 3 (pretest), students’ answers only
reached the stage of identifying known information (Given) and formulating a model
of a two-variable linear equation, namely 3x + 2y = 24,000 and x + 3y = 15,000;
however, they had not yet solved the system of equations and had not reached the
verification stage. This condition reflects a weakness in the “executing the plan”
stage (Polya, 1973), which is a common achievement level among students before
receiving intervention. Conversely, in Figure 4 (posttest), students’ answers
demonstrate a much more complete and structured problem-solving process:
students were able to identify all known information (including the price
relationship 1 ice cream = 2x the price of a biscuit), assign variables appropriately,
formulate three equations, apply the substitution method systematically to obtain x
= 3,000 and y = 6,000, and then use these values to answer the question regarding
whether Tini has enough money to buy 5 ice creams and 3 biscuits, resulting in a
total of Rp39,000 and change of Rp11,000. This improvement aligns with the
findings of Anita Anggriyani & Zulkarnaen (2023), which show that explicit
scaffolding at each stage of Polya’s model significantly improves the quality of
students’ answers on SPLDV material. Furthermore, Xie et al. (2024) assert that SRL-
based feedback during the learning process encourages students not merely to
execute procedures, but to monitor their strategies and verify their solutions a trend
clearly reflected in these students’ posttest responses. This qualitative progression
from incomplete answers toward coherent, contextual, and verified solutions serves
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as concrete evidence of the effectiveness of integrating SRL-based Deep Learning in
fostering deeper problem-solving skills.

A critical analysis of the low gain in the control group (N-Gain = 0.1920)
reveals three main explanations. First, the Teacher-Centered Learning approach
eliminates metacognitive triggers: the teacher demonstrates procedures, students
copy the steps, and exercises are repetitive developing procedural fluency but not
metacognitive regulation. Anita Anggriyani & Zulkarnaen (2023) document that
students taught conventionally struggle with the “checking” and “planning” stages
because these metacognitive capacities are never explicitly trained. Second, the
absence of structured self-reflection mechanisms causes students to stop once a
numerical answer is obtained, without verifying whether the solution is
mathematically and contextually valid. Third, external variables such as intrinsic
motivation and parental support which were not formally measured in this study
potentially weaken the control group’s performance, and future research needs to
integrate validated instruments to measure these covariates in order to isolate the
effects of the learning approaches more precisely.

The results of this study have several implications for mathematics
instruction in junior high school. First, teachers need to supplement direct
instruction on SPLDV material with a PBL sequence that explicitly incorporates SRL
triggers: goal-setting worksheets (forethought), monitoring checklists
(performance), and self-assessment rubrics (self-reflection). Second, the
arrangement of heterogeneous group discussions (4-5 students) should be a
standard feature in junior high school algebra lessons. Third, not a single class
achieved a high N-Gain category (>0.70), suggesting that the integration of
technology-assisted feedback tools could accelerate progress further (Setiawan et
al., 2024). The novelty of this study is threefold: (a) the first study to operationalize
the integration of Deep Learning and SRL within the PBL framework in Indonesian
junior high schools; (b) the direct mapping of each pillar of Deep Learning and phase
of SRL to Polya’s indicators; and (c) double confirmation using two rigorous
statistical tests addressing both achievement gaps and growth gaps simultaneously.
Recognized limitations include the scope being limited to a single school and a single
subject; the absence of an SRL questionnaire instrument; and the inability to fully
control for external variables such as motivation and parental support. These
limitations point to a clear agenda for future research, as outlined in the
recommendations section.

Conclusion and Suggestion

Based on the findings obtained from the study on the topic of Systems of
Linear Equations in Two Variables (SPLDV), it can be inferred that the Deep
Learning approach integrated with Self-Regulated Learning positively influences
students' mathematical problem-solving abilities. Evidence for this effect is
reflected in the posttest results, which revealed a statistically significant difference
between the experimental and control groups (p = 0.023 < 0.05). The experimental
group achieved a higher mean posttest score (56.42) than the control group (51.33).
Furthermore, the enhancement of mathematical problem-solving skills was greater
among students in the experimental group. Analysis of the N-Gain scores using
Welch’s T' Test yielded a significance value of 0.0015, which is below the 0.05
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threshold, indicating a significant difference in improvement between the two
groups. The experimental group obtained an average N-Gain score of 0.3013,
categorized as medium, whereas the control group achieved an average of 0.1920,
categorized as low. These results suggest that combining the Deep Learning
approach with Self-Regulated Learning supports students in comprehending
problems, formulating solution strategies, implementing appropriate procedures,
and evaluating their answers more effectively.

This study has several limitations. First, the research sample was limited to
two classes in one school in Majalengka Regency, so generalizing the results needs
to be done with caution. Second, the measurement of mathematical problem-solving
ability was limited to the use of a written assessment, without using a Self-Regulated
Learning questionnaire to explicitly measure students' level of self-regulation.
Third, this study was only focused on the eighth-grade SPLDV material, so it cannot
yet reflect the effectiveness of the approach on different materials or grade levels.
Fourth, this study did not fully control for external variables such as intrinsic
learning motivation and parental support, which could affect student learning
outcomes.

A Deep Learning approach oriented towards Self-Regulated Learning is
recommended as an alternative for learning mathematics at the junior high school
level, especially for material that requires higher-order thinking skills. Further
research is suggested to: (1) expand the scope of the material, grade levels, and
sample size so that the results can be generalized more broadly; (2) use
standardized Self-Regulated Learning questionnaire instruments so that students’
self-regulation levels can be measured more explicitly and linked to problem-
solving abilities; (3) combine the Deep Learning approach with digital technology to
enhance student engagement and motivation; and (4) conduct further studies on the
long-term effects of integrating Deep Learning and SRL on other mathematical
abilities such as critical thinking and mathematical communication skills.
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