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ABSTRACT Students’ mathematical problem-solving ability remains relatively low, particularly
when dealing with contextual and non-routine mathematical problems. This condition high-
lights the need for learning environments that encourage collaborative problem solving, mean-
ingful learning, and active student engagement. Therefore, this study aimed to examine the
effectiveness of the Student Teams Achievement Division (STAD) learning model with a deep
learning approach assisted by Zep Quiz on students’ mathematical problem-solving ability. This
study employed a quantitative approach using a quasi-experimental method with a nonequiva-
lent control group design. The research was conducted at Junior High School 1 Paron involving
eighth-grade students from an experimental class and a control class selected through cluster
random sampling. Data were collected using essay-based pretest and posttest instruments de-
veloped based on Polya’s problem-solving indicators. The data were analyzed using normality
and homogeneity tests, an independent-samples t-test, and N-Gain analysis. The independent-
samples t-test yielded ¢(58) = 1.589 and p = 0.117, indicating no statistically significant dif-
ference between the experimental and control classes. Descriptively, the experimental class
showed greater improvement than the control class, as indicated by the higher N-Gain score
(0.48 compared with 0.32), although both were categorized as moderate improvement. The ef-
fectiveness ratio was 1.52, indicating a descriptive advantage of the experimental class over the
control class. This study addresses a gap in previous research by operationally integrating STAD,
adeep learning approach emphasizing mindful, meaningful, andjoyful learning, and Zep Quiz as
aninteractive gamification-based medium within a collaborative mathematical problem-solving
sequence. This integration connects peer collaboration, meaningful engagement, and interac-
tive digital practice in supporting students’ engagement with contextual and non-routine math-
ematical problems. Although the difference between the experimental and control classes was
not statistically significant, the descriptive findings indicate a positive tendency associated with
the implementation of STAD with a deep learning approach assisted by Zep Quiz.
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INTRODUCTION

Education plays an important role in developing students’ critical thinking skills, charac-
ter, and problem-solving abilities as preparation for facing challenges in modern society.
According to the Indonesian National Education System Law Number 20 of 2003, edu-
cation aims to develop students’ potential to become knowledgeable, creative, inde-
pendent, and responsible citizens. One of the subjects that contributes significantly to
the improvement of educational quality is mathematics. Mathematics learning focuses
not only on mastering concepts but also on developing logical thinking, reasoning, and
mathematical problem-solving skills (Arsyad et al., 2024). Therefore, mathematics learn-
ing should be designed effectively to support the development of higher-order thinking
skills.

Mathematical problem-solving ability is considered one of the most essential compe-
tencies in mathematics education. According to Pélya (2014), problem solving involves
four stages: understanding the problem, planning the solution, carrying out the plan,
and reviewing the result. This ability is not naturally acquired but must be developed
through meaningful and systematic learning processes (Nasution & Hsb, 2022). In line
with this, Novitasariand Mashuri (2024) emphasized that problem-solving ability is a key
competency that students need in order to face real-world and professional challenges
effectively. Therefore, mathematics learning should provide opportunities for students
to think critically, collaborate, and actively construct their own understanding through
meaningful learning experiences. Meaningful mathematics learning occurs when stu-
dents are actively involved in solving problems, allowing them to construct knowledge
through experience and interaction (Prayitno et al., 2022). In addition, problem-solving
activities also contribute to students’ cognitive, affective, and psychomotor develop-
ment because students are encouraged to think critically, collaborate, and communi-
cate mathematical ideas (Santos-Trigo, 2024).

However, Indonesian students’ mathematical problem-solving abilities remain a con-
cern. According to the Programme for International Student Assessment (PISA) 2022
conducted by the Organisation for Economic Co-operation and Development (OECD,
2023), Indonesian students achieved an average mathematics score of 366 points, sub-
stantially below the OECD average of 472 points. Furthermore, only 18% of Indone-
sian students attained Level 2 or higher in mathematics, compared with an OECD av-
erage of 69%. At this proficiency level, students are expected to be able to interpret
and recognize how a simple situation can be represented mathematically without di-
rect instructions. The OECD also reported that students at higher proficiency levels
are able to model complex situations mathematically and select, compare, and eval-
uate appropriate problem-solving strategies. These findings indicate that Indonesian
students continue to face challenges in mathematical reasoning and problem solving,
particularly when dealing with more complex mathematical situations. Siswanto and
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Meiliasari (2024) stated that these conditions indicate that students still experience
difficulties in solving non-routine mathematical problems that require reasoning and
higher-order thinking skills. Based on observations conducted at Junior High School
1 Paron, more than 50% of students had not achieved the minimum learning mastery
criteria in mathematics. Most students were able to identify the known and required in-
Formation but were unable to complete the problem-solving procedures systematically.
This condition indicates that students’ mathematical problem-solving abilities still need
to be improved.

One factor contributing to low mathematical problem-solving ability is the limited
use of innovative learning models and interactive learning media that actively engage
students in the learning process. Learning activities are still dominated by teacher-
centered approaches, causing students to become passive and less accustomed to
solving problems systematically. Himmawan and Kusumah (2024) explained that
students often struggle to connect mathematical concepts with real-life situations.
Therefore, teachers need to implement learning models that encourage collaboration,
interaction, and active participation. One of the cooperative learning models consid-
ered effective is the Student Teams Achievement Division (STAD) model. According
to Slavin (1982), STAD encourages students to work collaboratively in heterogeneous
groups where each member helps one another understand the learning material.
Previous studies have shown that the STAD model can improve students’ mathematical
problem-solving abilities and learning participation (Gultom et al., 2023).

Although the STAD learning model has several advantages, some limitations remain
in its implementation, such as ineffective time management and unequal student
participation during group discussions (Aminah, 2025). To address these limitations, a
learning approach that strengthens students’ cognitive engagement is needed. In this
study, the deep learning approach is operationally defined as a pedagogical approach
that promotes conceptual understanding through critical, reflective, and applicative
learning processes. Biggs and Tang (2011) explained that deep learning encourages
students to connect ideas, construct meaning, and apply concepts in relevant contexts.
The approach is characterized by three principles: mindful, meaningful, and joyful
learning, which are implemented through students’ awareness of learning objectives
and problem-solving processes, connections between mathematical concepts and
prior knowledge or real-life contexts, active participation and collaboration, applica-
tion of solution strategies, and reflection. These principles are integrated into STAD
activities through problem identification, group discussion, explanation of solution
strategies, contextual application, and reflection, with Zep Quiz serving as interactive
technological support. Research conducted by Siregar et al. (2025) also revealed that
deep learning positively affects students’ mathematics learning outcomes through
active learning experiences supported by interactive digital media.
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In addition to applying appropriate learning models and approaches, integrating dig-
ital learning media is also important for improving the effectiveness of mathematics
learning. One interactive digital medium that can be utilized is Zep Quiz, a gamification-
based quiz platform designed to create engaging and enjoyable learning experiences.
Zep Quiz provides immediate feedback, increases students’ motivation, and encour-
ages active participation during learning activities (Sari et al., 2025). In addition, inte-
grating gamified digital media can strengthen students’ learning motivation and re-
tention of mathematical concepts (Siregar et al., 2025). Several studies have shown
that both STAD learning models and Zep Quiz media positively impact students’” math-
ematics learning outcomes. However, studies integrating the STAD learning mode|,
deep learning approach, and Zep Quiz media simultaneously to improve mathematical
problem-solving abilities are still limited.

Based on the explanation above, the research gap of this study lies in the limited inte-
gration of the STAD cooperative learning model with a deep learning approach assisted
by Zep Quiz in mathematics learning, particularly in developing students’ mathematical
problem-solving abilities. Therefore, this study aims to examine whether there is a sig-
nificant difference in students’ mathematical problem-solving abilities between those
taught using STAD with a deep learning approach assisted by Zep Quiz and those taught
using conventional STAD assisted by Zep Quiz. Thus, the study specifically focuses on
comparing the two treatments to determine whether their implementation results in
a significant difference in students’ mathematical problem-solving abilities.

RESEARCH METHOD

Research Setting and Time

This research was conducted in the eighth grade at Junior High School 1 Paron during
the second semester of the 2025/2026 academic year, specifically in April 2026. The
study employed a quasi-experimental design (Sugiyono, 2022) and compared students’
mathematical problem-solving abilities between those taught using the STAD learning
model with a deep learning approach assisted by Zep Quiz and those taught using con-
ventional STAD assisted by Zep Quiz. The instructional treatment was conducted over
three meetings, with each meeting lasting 2 x 40 minutes. The instructional topic was
circles. The experimental class received STAD integrated with the deep learning ap-
proach, emphasizing mindful, meaningful, and joyful learning, while the control class
received conventional STAD. Zep Quiz was used in both classes as interactive techno-
logical support. Both classes received the same instructional material and allocated
instructional time. All teaching activities were conducted by the researcher using the
prepared lesson plans to ensure consistency of the treatment. The research activities,
including proposal preparation, instrument development and testing, data collection,
data analysis, and final report preparation, were carried out from January to May 2026.
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Research Design

This research was conducted in the eighth grade at Junior High School 1 Paron dur-
ing the second semester of the 2025/2026 academic year, specifically in April 2026.
The study compared students’ mathematical problem-solving abilities between those
taught using the STAD learning model with a deep learning approach assisted by Zep
Quiz and those taught using conventional STAD assisted by Zep Quiz. The instructional
treatment was conducted over three meetings, with each meeting lasting 2 x 40 min-
utes. The instructional topic was circles. The experimental class received STAD inte-
grated with the deep learning approach, emphasizing mindful, meaningful, and joyful
learning, while the control class received conventional STAD. Zep Quiz was used in both
classes as interactive technological support. Both classes received the same instruc-
tional material and allocated instructional time. All teaching activities were conducted
by the researcher using the prepared lesson plans to ensure consistency of the treat-
ment. The research activities, including proposal preparation, instrument development
and testing, data collection, data analysis, and final report preparation, were carried out
from January to May 2026.

Table 1. Research Design

Group Pre-Test Treatment Post-Test
Experimental N X, O,
Control O3 X Oy

Population, Sample, and Data Collection Technique

The population of this study consisted of all eighth-grade students at Junior High School
1 Paron, totaling 220 students distributed across seven classes (VIII A-VIII G). Cluster
random sampling was used to select the research sample. First, the seven classes were
considered eligible clusters. Two classes were then randomly selected as the research
sample, namely class VIII E and class VIII D. Class VIII E was assigned as the experimental
group, receiving the STAD learning model with a deep learning approach assisted by
Zep Quiz, while class VIII D was assigned as the control group, receiving STAD assisted
by Zep Quiz. Each group consisted of 30 students.

Data were collected using written essay tests administered as pretests and posttests to
measure students’ mathematical problem-solving abilities. The instrument consisted
of four essay items based on Pdlya’s problem-solving indicators: (1) understanding the
problem, (2) devising a plan, (3) carrying out the plan, and (4) looking back. Each item
was scored using a 0—4 scoring rubric, resulting in @ maximum total score of 16, which
was subsequently converted to a 100-point scale. The items were designed to repre-
sent the four Polya indicators, with each item assessing students’ ability to understand
the given problem, formulate an appropriate solution strategy, execute the strategy
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correctly, and review the obtained solution. Students’ responses were scored by the
researcher using the predetermined scoring rubric.

Before the instrument was used for data collection, the essay items were tested to de-
termine theirvalidity, reliability, difficulty level, and discrimination index. The item valid-
ity analysis showed that all items met the validity criteria and were suitable for use. The
reliability coefficient of the instrument was 0.7913, indicating high reliability. The diffi-
culty analysis showed that the items were within the acceptable range, with the items
categorized as easy to moderate. The discrimination analysis indicated that all items
had acceptable to very good discrimination power. These results indicated that the in-
strument was suitable for measuring students’ mathematical problem-solving abilities.

Data Analysis Technique

Data analysis in this study consisted of prerequisite tests, hypothesis testing, and N-Gain
analysis. The normality test was conducted using the Lilliefors test, while the homo-
geneity test was conducted using the F-test to determine whether the posttest data
met the assumptions of normality and homogeneity. The primary hypothesis analysis
was performed using the independent-samples t-test on the posttest scores to deter-
mine whether there was a significant difference in students’ mathematical problem-
solving abilities between the experimental and control groups. The pretest scores were
used to describe students’ initial abilities, while the posttest scores were used as the pri-
mary data for comparing the two treatments.

In addition, N-Gain analysis was used as a supporting analysis to describe the improve-
ment in students’ mathematical problem-solving abilities from pretest to posttest. The
N-Gain score was calculated for each student using the following formula:

Posttest Score — Pretest Score

N-Gain = Saximum Score — Pretest Score

x 100%

In this study, the maximum score was 100. The individual N-Gain scores were then av-
eraged for each group. The N-Gain values were interpreted as high when (¢ > 0,70),
moderate when (0,70 > ¢g > 0,30), and low when (g < 0.30), based on the classifica-
tion proposed by Hake (1998). Thus, the independent-samples t-test was used as the
primary analysis to examine the difference between the two treatments, whereas N-
Gainwas used to provide additionalinformation about the level of improvementin each

group.

RESULTS AND DISCUSSION

This study was conducted from April 8 to April 16, 2026, at Junior High School 1 Paron us-
ing a quasi-experimental method to compare students’ mathematical problem-solving
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abilities based on Pdlya’s indicators. The population consisted of all eighth-grade stu-
dents, totaling 220 students across seven classes. Using cluster random sampling, Class
VIII E was selected as the experimental group and Class VIII D as the control group, with
30 students in each class. The experimental group received the STAD learning model
integrated with a deep learning approach assisted by Zep Quiz, while the control group
received conventional STAD assisted by Zep Quiz.

The treatment was implemented in three meetings, with each meeting lasting 2 x 40
minutes. The same researcher conducted the instruction in both groups using the pre-
pared lesson plans. To ensure the fidelity of the deep learning approach, each experi-
mental session explicitly incorporated the three principles of mindful, meaningful, and
joyful learning into the STAD stages. Mindful learning was implemented through stu-
dents’ awareness of learning objectives, problem identification, monitoring of solution
processes, and reflection. Meaningful learning was implemented by connecting cir-
cle concepts with prior knowledge and contextual problems, while joyful learning was
promoted through active collaboration, discussion, and interactive activities using Zep
Quiz. The implementation of these activities was guided by the prepared lesson plans
and treatment mapping for each meeting to maintain consistency across the interven-
tion sessions.

Students’ mathematical problem-solving abilities were measured using four essay items
on circle material based on Pélya’s fourindicators: understanding the problem, devising
a plan, carrying out the plan, and looking back. Before administration, the instrument
was tested for validity, reliability, difficulty level, and discrimination index. The detailed
results of the instrument testing are presented in Table 2.

Table 2. Instrument Testing Results

Instrument Reliability Coefficient Interpretation
Pretest 0.6604 0.161
Posttest 0.7913 0.161

The instrument testing results are presented in Table 2. All four items met the pre-
determined validity criteria and were therefore considered suitable for use. The reli-
ability coefficient was 0.6604 for the pretest instrument and 0.7913 for the posttest
instrument, indicating moderate and high reliability, respectively. The difficulty indices
showed that the items were within the acceptable range of difficulty, while the dis-
crimination indices indicated acceptable to very good discrimination. Therefore, the in-
strument was considered appropriate for measuring students’ mathematical problem-
solving abilities.
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Following the instrument evaluation, data on students’ mathematical problem-solving
abilities were obtained through pretests and posttests administered to both the ex-
perimental and control groups. The pretest was administered before the treatment to
identify students’ initial abilities, while the posttest was administered after the learning
process to measure their mathematical problem-solving abilities following the treat-
ment. The test instrument consisted of four essay items covering the four indicators
of mathematical problem-solving based on Pdlya’s theory: understanding the problem,
devising a plan, carrying out the plan, and looking back. Each indicator was scored on a
scale of 0—4 according to the predetermined scoring criteria.

The pretest and posttest scores for both groups were summarized using the number
of students (N), mean, standard deviation, minimum score, and maximum score. These
statistics provide an overview of the students’ initial abilities and their performance
after the treatment before inferential statistical analyses were conducted.

Table 3. Pretest Normality Test Results

Group N LCount LTable Decision Results
Experimental 30 0.134 0.161  Hy Accepted Normal
Control 30 0.152 0.161  Hg Accepted Normal

Based on the data above, the normality test results showed that the pretest data of
both the experimental and control classes were normally distributed. In the experimen-
tal class, the obtained values were Leoynt = 0.134 and Liape = 0.161, while in the control
class the obtained values were Leoynt = 0.152 and Ligpe = 0.161. Because Leoynt < Liable
for both classes, Hy was accepted. Therefore, the data from both classes fulfilled the

assumption of normality.

Table 4. Posttest Normality Test Results

Group N LCount LTable Decision Results
Experimental 30 0.145 0.161  Hg Accepted Normal
Control 30 0.161 0.161 Ho Accepted Normal

Furthermore, the posttest normality test results also indicated that the data from both
the experimental and control classes were normally distributed. In the experimental
class, the obtained values were Leoynt = 0.145 and Liype = 0.161, while in the control
class the obtained values were Leoynt = 0.161 and Lipe = 0.161. Because Leount < Liable
fFor both classes, Hy was accepted. Thus, the research data from both classes met the

assumption of normality.
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Table 5. Pretest Homogeneity Test Results

Group Variance FCount FTable Decision Results
Experimental 38.092
Control 56185 1.475 1.861 Hg Accepted Homogeneous

The pretest homogeneity test results showed that the variances of the experimental
and control classes were homogeneous. This was indicated by the values of Fioynt =
1.475 and Fiape = 1.861. Since Fount < Flape, Ho Was accepted. Therefore, the data
from both classes had equal variances and fulfilled the requirement for conducting the
t-test.

Table 6. Posttest Homogeneity Test Results

Group Variance FCount FTable Decision Results
Experimental 217.426
Control 529275 1.054 1.861 Hg Accepted Homogeneous

Furthermore, the posttest homogeneity test results indicated that the variances of the
data in classes VIII D and VIII E were homogeneous. This was shown by the values of
Feount = 1.054 and Fizpe = 1.861. Since Fount < Fiaple, Ho Was accepted. Therefore, both
datasets were declared homogeneous and met the requirement for further analysis
using the t-test.

Based on the results of the normality and homogeneity tests, which showed that both
datasets were normally distributed and homogeneous, hypothesis testing was contin-
ued using the t-test and N-Gain test. The independent-samples t-test was conducted
to determine whether there was a significant difference between the STAD learning
model with a deep learning approach assisted by Zep Quiz and the STAD learning model
assisted by Zep Quiz in terms of students’ mathematical problem-solving abilities.

Ho: There is no statistically significant difference in students’ mathematical problem-
solving abilities between the experimental and control groups.

H.: There is a significant effect between the two learning models on students’ mathe-
matical problem-solving abilities.

Table 7. Posttest t-Test Results

Group Variance tCount tTable Decision Results
Experimental 217.426 1589 2002 Ho No Statistically
Control 229.275 : : Accepted Significant Difference
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The hypothesis test results showed that tcount = 1.589 and tiape = 2.002. Since teount <
tiable, Ho Was accepted. Therefore, there was no significant difference between the ex-
perimental and control class treatments in improving students’ mathematical problem-
solving abilities.

N-Gain Test
The N-Gain test was used to determine the effectiveness of the learning models in im-

proving students’ mathematical problem-solving abilities.

Table 8. Experimental Class N-Gain Results

Pre-Test Post-Test N-Gain Category

Mean 20,33 40,77 0,48 Moderate

The experimental class obtained an average N-Gain score of 0.48, which falls into the
moderate category. This result indicates that the STAD learning model with a deep
learning approach assisted by Zep Quiz was moderately effective inimproving students’
mathematical problem-solving abilities.

Table 9. Control Class N-Gain Results

Pre-Test Post-Test N-Gain Category

Mean 19,80 34,63 0,32 Moderate

The control class obtained an average N-Gain score of 0.32, which also fallsinto the mod-
erate category. This indicates that the STAD learning model assisted by Zep Quiz was
moderately effective in improving students’ mathematical problem-solving abilities.

0.6
0.48
0.4
0.2
0
Experimental Class Control Class
N-Gain N-Gain

Figure 1. Problem-Solving N-Gain

Therelative increase between the two groups was described using the ratio of the mean
N-Gain scores. The ratio was calculated by dividing the mean N-Gain score of the exper-
imental group by that of the control group. Based on the unrounded N-Gain values,
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the resulting ratio was 1.52. This value indicates that the descriptive increase in the
experimental group was higher than that in the control group. However, both groups
were categorized as having moderate N-Gain scores, and the independent-samples t-
test showed no statistically significant difference between the two groups. Therefore,
the finding should be interpreted cautiously: the experimental group showed a higher
descriptive increase, but this difference was not statistically significant:

N-Gain Experimental Class

Effectiveness = N-Gain Control Class 1.52

The experimental group showed a higher descriptive increase in students’ mathe-
matical problem-solving abilities than the control group. However, the independent-
samples t-test indicated that the difference between the two groups was not
statistically significant.

The results showed that the mathematical problem-solving abilities of students in the
experimental class who received STAD learning with the deep learning approach as-
sisted by Zep Quiz increased more than those of students in the control class who re-
ceived STAD learning assisted by Zep Quiz. This was indicated by an effectiveness value
of 1.52. However, the results of the hypothesis test showed that the difference in im-
provement was not statistically significant, with tcount = 1.589 and tiape = 2.002.

These findings indicate that the addition of the deep learning approach did not result
in a statistically significant difference in students’ mathematical problem-solving abili-
ties compared with STAD assisted by Zep Quiz. Rahmawati et al. (2021) explained that
student learning outcomes are not entirely determined by the variables examined, as
other factors may also influence learning achievement. Therefore, the absence of a sta-
tistically significant difference in this study may be associated with factors beyond the
treatment provided. Classroom observations and students’ learning activities during
the treatment provided contextual information regarding the implementation of the
deep learning approach. However, these observations were used only as supporting in-
Formation and were not subjected to separate quantitative analysis. Thus, the findings
should not be interpreted as establishing that the implementation of the deep learning
approach was the primary cause of the non-significant difference.

Classroom observations showed that most students remained focused on completing
assignments and obtaining correct answers. During group discussions, students tended
to focus on quickly obtaining answers rather than exploring the mathematical rationale
behind the strategies used. This was evident in the responses on the student work-
sheets and the results of group discussions in Zep Quiz, which mostly focused directly
on solution procedures without in-depth conceptual explanations. As a result, concept
elaboration, mathematical argumentation, and reflection, which are central to deep
learning, did not develop optimally.
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Another finding indicated that students were able to reach the stages of understanding
the problem and implementing solutions but still experienced difficulties at the stage
of reviewing the results according to Pélya’s indicators. Based on the post-test answer
sheets, most students did not double-check the procedures or results obtained and did
not write complete conclusions. In fact, the ability to reflect on and evaluate results is
one of the main characteristics that should be developed through deep learning. This
findingisin line with the results of research by Sawastie et al. (2022), which showed that
students are often able to obtain answers through the solution procedures used but
are not consistent in reviewing the results obtained or drawing complete conclusions
at the end of the problem-solving process. This finding indicates that students are not
yet accustomed to carrying out the process of reflective thinking independently.

Furthermore, video recordings of the learning process were reviewed as supporting
evidence of group discussion activities in the experimental class. The review focused
on students’ participation, the distribution of opportunities to express mathematical
reasoning, and their involvement in explaining and evaluating solution strategies. The
recordings indicated that discussion participation was not fully distributed among
group members, as some groups were dominated by students with higher academic
abilities, while other members tended to follow the results of the discussion without
actively explaining their reasoning. These observations were supported by students’
worksheets and group responsesin Zep Quiz. This condition is consistent with Sasomo’s
(2021) view that limited interaction among students and difficulties in maintaining
learning motivation may hinder the achievement of learning objectives. Thus, the deep
learning experience may not have been equally experienced by all students. However,
these observations are considered supporting contextual information and do not
constitute a direct causal explanation for the non-significant difference between the
two groups.

The most important finding in this study is that Deep Learning does not automatically
result in significant improvements in mathematical problem-solving abilities when stu-
dents do not yet have reflective thinking habits and a culture of in-depth discussion.
Although theoretically Deep Learning is designed to encourage students to build con-
ceptualunderstanding, reflect, and connect knowledge to broader contexts, the results
show that students still tend to use a procedural approach and are oriented towards fi-
nal answers.

Thus, the findings of this study show that the main challenge of implementing deep
learning in mathematics learning lies not in delivering the material but in changing stu-
dents’ learning culture. Deep learning requires more time to form habits of reflec-
tion, mathematical argumentation, and self-evaluation. Therefore, in the context of
this study, the advantages of deep learning have not been significantly apparent be-
cause the process of internalizing reflective thinking and metacognitive skills is still in
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the developmental stage. This finding is an important contribution because it shows
that the success of deep learning depends heavily on students’ readiness to engage
in higher-order thinking processes, not solely on the application of the learning model
used. This finding is consistent with the study conducted by Evendi et al. (2026), which
reported that the main challengesin implementing deep learning include students’ low
participation in group discussions, difficulties in independent learning, and limited re-
Flective thinking skills. The study also found that the reflection aspect obtained the low-
est achievement compared with the understanding and application stages, indicating
that students often struggle to evaluate their own learning processes. These findings
support the results of the present study, where students tended to focus on obtaining
correct answers rather than engaging in deeper reflection and mathematical reasoning.
Consequently, the potential benefits of deep learning were not fully realized, resulting
in a less significant improvement in mathematical problem-solving abilities.

Furthermore, the use of Zep Quiz appeared to encourage active participation during
the learning process. Through interactive quizzes, students were observed to engage
in group collaboration and exchange ideas when solving mathematical problems. These
observations suggest that Zep Quiz provided an interactive learning environment that
supported student participation. However, because students’ motivation and enthusi-
asm were not measured using a specificinstrument, these findings are interpreted only
as limited observational evidence rather than evidence of increased motivation.

CONCLUSION AND RECOMMENDATION

The findings should be interpreted within the limitations of the study. The treatment
was implemented in only three meetings with a duration of 2 x 40 minutes per meet-
ing and was conducted in a single school with a relatively limited sample. In addition,
although the same researcher conducted the instruction in both groups, differences
in students’ participation and the implementation of the deep learning approach may
have affected the learning process. The deep learning principles of mindful, meaning-
ful, and joyful learning were not optimally experienced by all students during group
activities. Therefore, the findings do not provide sufficient evidence to recommend
the experimental model as superior to the control treatment. Nevertheless, the higher
descriptive N-Gain observed in the experimental group suggests that the integration
of the deep learning approach with STAD and Zep Quiz warrants further investigation.
Future studies are recommended to employ longer treatment durations, larger and
more diverse samples, multiple schools, and more systematic monitoring of treatment
Fidelity to examine whether the observed descriptive advantage can be replicated and
produce statistically significant differences.
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