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ABSTRACT

This study aims to analyze the effectiveness of Project-Based Learning (PjBL) integrated with
a deep learning approach on elementary school students’ learning outcomes in Integrated
Science and Social Studies (IPAS). In this paper, “deep learning” refers to a deep approach to
learning in educational psychology (deep vs. surface cognitive engagement), not to Al-based
deep neural networks. The research employed a quantitative method with a quasi-experimental
pretest-posttest control group design. The research subjects consisted of 100 students,
comprising 50 students in the experimental group and 50 students in the control group. The
research instrument was a test measuring students’ conceptual understanding of IPAS. The
results showed that the mean pretest score of the experimental group was 56.40, while that of
the control group was 55.90, indicating relatively equivalent initial abilities. After the
intervention, the mean posttest score of the experimental group increased to 82.70, whereas the
control group reached 70.10. The gain score of the experimental group was 26.30, higher than
that of the control group at 14.20. The N-Gain value of the experimental group was 0.61,
categorized as moderate-high, while the control group obtained an N-Gain of 0.32, categorized
as moderate. The t-test results indicated a t-value of 8.12 with a significance level of 0.000
(p <0.05). The effect size, measured using Cohen’s d, was 1.12, indicating a large effect. This
study concludes that Project-Based Learning with a deep learning approach is effective in
improving elementary school students’ IPAS learning outcomes.
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INTRODUCTION

In the landscape of 21st-century education, the need for learning models that can develop
higher-order thinking skills, creativity, scientific literacy, digital literacy, and collaborative
abilities has become increasingly urgent, particularly at the elementary school level, which
serves as the foundation for students’ cognitive, affective, and social development. Learning in
elementary schools is no longer sufficient if it is oriented solely toward content mastery;
instead, it must foster meaningful conceptual understanding, reflective abilities, and the
application of knowledge in real-world contexts. In line with the direction of modern education,
the deep learning approach has emerged as an important paradigm for improving the quality of
learning in elementary schools (Sarwi et al., 2024). Context note for international readers: IPAS
(Integrated Science and Social Studies) is an integrated subject in the Indonesian elementary
curriculum that combines foundational science and social studies. It emphasizes
interdisciplinary understanding of natural phenomena, human-environment interactions, and
inquiry-oriented reasoning through contextual issues. Deep learning in this study is used in the
sense of a deep approach to learning (deep vs. surface learning) that emphasizes students’
active engagement in understanding concepts at an essential level, connecting ideas across
disciplines, conducting critical analysis and reflection, and transferring knowledge to new
situations (Rusilowati et al., 2019; Sarwi et al., 2024).

Based on preliminary observations conducted at SD Negeri Tamansari 02 and SD Negeri
Tlogowungu 02, IPAS (Integrated Science and Social Studies) learning is still dominated by
lecture-based methods and drill exercises. Such learning patterns tend to result in passive
student participation, relatively low learning motivation, and underdeveloped conceptual
understanding. Interviews with teachers at both schools revealed that students often experience
difficulties in connecting IPAS concepts with everyday life and are less actively involved in
scientific inquiry processes. Teachers also expressed the need for innovative learning models
that can enhance learning motivation, actively engage students, and help them construct
meaningful and sustainable conceptual understanding. These conditions indicate an urgent
need for more transformative learning models that are oriented toward deep learning.

One learning model considered relevant to supporting the deep learning approach is Project-
Based Learning (PjBL). PjBL is a student-centered learning model that engages learners in
project activities requiring in-depth investigation, authentic problem-solving, collaboration,
and reflection (Dewi et al., 2022). Numerous studies have shown that PjBL is effective in
improving higher-order thinking skills, creativity, digital literacy, and 21st-century skills
among students (Asia et al., 2025). Through PjBL, students not only acquire knowledge but
also construct conceptual understanding through direct experience and meaningful activities.
The implementation of PjBL in IPAS learning at the elementary school level enables students
to relate scientific concepts to real phenomena in their surrounding environment. STEM
project-based studies indicate that project-based learning helps students integrate IPAS
knowledge, mathematics, and literacy in a comprehensive manner, thereby strengthening
conceptual understanding and problem-solving abilities (Sari et al., 2021). Contextual and
collaborative project activities encourage students to think critically, pose scientific questions,
and reflect on both the learning process and outcomes.

From a deep learning perspective, PjBL aligns strongly with the principles of deep learning, as
it encourages students to engage in exploratory, analytical, and reflective learning processes.
Deep learning requires students not merely to memorize concepts, but to understand the
relationships among concepts and apply them in new contexts (Sarwi et al., 2024). Research
shows that learning emphasizing exploration, modeling, and scientific investigation can
significantly enhance students’ conceptual understanding (Rusilowati et al., 2021). In addition,
learning design that considers appropriate context and media plays a crucial role in
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strengthening deep learning processes, as highlighted in TPACK-based studies by Jamaludin
et al. (2024) and Rusilowati and Pangestu (2022).

Several previous studies have demonstrated that PjBL is capable of creating more meaningful
and sustainable learning experiences. Project-based learning provides opportunities for
students to engage in systematic exploration, collaboration, and reflection, thereby supporting
deep knowledge construction (Winarto et al., 2022; Sarwi et al., 2025). Through contextual
problem-based projects, students learn to integrate knowledge, skills, and scientific attitudes
holistically. This process aligns with the principles of deep learning, which emphasize
conceptual understanding, higher-order thinking skills, and the transfer of knowledge to real-
life situations.

Based on these theoretical foundations and empirical findings, this study aims to analyze the
effectiveness of Project-Based Learning in supporting a deep learning approach in elementary
schools, particularly in improving students’ conceptual understanding of IPAS, scientific
literacy, creativity, learning motivation, and 2 1st-century skills. This research was conducted
at SD Negeri Tamansari 02 and SD Negeri Tlogowungu 02 as study sites to explore contextual
needs and examine the suitability of PjBL implementation in IPAS learning.

The scope of this study is limited to the following aspects: 1) focusing on IPAS as the learning
context; 2) analyzing the effectiveness of Project-Based Learning in supporting deep learning;
3) involving upper-grade elementary school teachers and students; and 4) not examining
technological implementation in detail, but rather its role in supporting the learning process.
Thus, this study is expected to contribute both theoretically and practically to the development
of effective, contextual, and relevant project-based learning models that promote deep learning
in elementary schools, as well as to serve as a reference for teachers, researchers, and
educational policymakers.

LITERATURE REVIEWS

The Deep Learning Approach in Elementary Education

In the 21st-century educational paradigm, learning at the elementary level is required to move
beyond mere content mastery toward developing deep conceptual understanding, higher-order
thinking skills, and the ability to apply knowledge in real-world contexts. Deep learning
emerges as a response to this demand. Deep learning is defined as a learning approach that
emphasizes students' active engagement in understanding concepts at an essential level,
connecting ideas across disciplines, conducting critical analysis and reflection, and transferring
knowledge to new situations (Rusilowati et al., 2019; Sarwi et al., 2024). At the elementary
level, this foundation is crucial for students' cognitive, affective, and social development.
However, preliminary observations in many schools, such as at SD Negeri Tamansari 02 and
SD Negeri Tlogowungu 02, reveal that Integrated Science and Social Studies (IPAS) learning
is still dominated by lecture methods and drill exercises. This pattern tends to result in passive
student participation, low learning motivation, and underdeveloped conceptual understanding,
thereby distancing students from the essence of deep learning (Sarwi et al., 2024).
Project-Based Learning (PjBL) as a Model Supporting Deep Learning

Project-Based Learning (PjBL) is identified as a relevant and potential learning model to
actualize the principles of deep learning in elementary schools. PjBL is a student-centered
model that engages learners in project activities requiring in-depth investigation, authentic
problem-solving, collaboration, and reflection (Dewi et al., 2022). This model aligns with deep
learning because it encourages students not merely to memorize, but to construct understanding
through direct experience and meaningful activities. Through PjBL, students engage in
exploratory, analytical, and reflective processes that characterize a deep learning approach
(Sarwi et al., 2024).
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Empirical research supports the effectiveness of PjBL. Studies show that PjBL is effective in
improving higher-order thinking skills, creativity, digital literacy, and 21st-century skills (Asia
et al., 2025). In the context of integrated science and social studies (IPAS), a project-based
approach helps students integrate knowledge, mathematics, and literacy comprehensively,
thereby strengthening conceptual understanding and problem-solving abilities (Sari et al.,
2021). Contextual and collaborative project activities encourage students to think critically,
pose scientific questions, and reflect on both the process and outcomes of their learning, which
are manifestations of deep learning.

Implementation of PjBL for Deep Learning in Elementary Schools

The implementation of PjBL in IPAS learning at the elementary level opens opportunities for
students to relate scientific concepts to real phenomena in their surrounding environment. This
is crucial to address the gap found in preliminary observations, where students struggle to
connect IPAS concepts with daily life. Learning design that considers appropriate context and
media plays a vital role in strengthening this deep learning process, as highlighted in TPACK-
based studies by Jamaludin et al. (2024) and Rusilowati and Pangestu (2022).

Previous research also confirms that PjBL can create more meaningful and sustainable learning
experiences. Winarto et al. (2022) and Sarwi et al. (2025) conclude that project-based learning
provides opportunities for students to engage in systematic exploration, collaboration, and
reflection, thereby supporting deep knowledge construction. This process aligns with the
principles of deep learning, which emphasize conceptual understanding, higher-order thinking
skills, and the transfer of knowledge to real-life situations. Therefore, integrating PjBL into the
elementary school curriculum, particularly for IPAS subjects, is seen as a strategic step to shift
teaching practices from surface-level to deep learning.

RESEARCH METHODOLOGY

This study employed a quantitative research approach using a quasi-experimental design to
examine the effectiveness of implementing Project-Based Learning (PjBL) within a deep
learning approach in elementary schools. The quantitative approach was selected because the
study focuses on objectively and systematically measuring the effects of instructional treatment
through numerical data, allowing for inferential conclusions to be drawn (Creswell, 2014). The
research design used was a pretest-posttest control group design, in which the experimental
group received instruction using PjBL integrated with a deep learning approach, while the
control group was taught using conventional learning methods. A quasi-experimental design
was chosen due to limitations in fully randomizing subjects within the school setting
(Sugiyono, 2019).

The intervention was implemented in four instructional sessions. In the experimental group,
PjBL was designed to explicitly promote a deep approach to learning through: 1) a driving
question grounded in a real-life IPAS issue in the students’ local environment; 2) collaborative
inquiry (data collection from observations, simple measurements, and information sources);
3) teacher facilitation using higher-order questioning (why/how/what-if prompts); and
4) structured reflection (learning journals and short group debriefs) focusing on conceptual
connections and evidence-based reasoning. Each project followed these phases: problem
orientation and driving question, project planning (roles, timeline, and resources), investigation
and data collection, artifact development (poster/report and a brief presentation), peer
feedback, and reflection on what was learned and how it can be applied to other contexts.
Fidelity of implementation: prior to the intervention, the teacher received a brief orientation on
the lesson flow, questioning prompts, and reflection procedures. During implementation, an
observation checklist was used to ensure that core PjBL phases and deep-approach elements
(driving question, inquiry, questioning, reflection) were delivered consistently across sessions.



Table 1 Comparison of instructional conditions (added to clarify the treatment)

Aspect Experimental group Control group
(PjBL + deep approach) (conventional)

Learning focus Conceptual understanding and transfer; Content coverage and practice
evidence-based explanations; exercises; teacher explanation
interdisciplinary connections in IPAS. followed by individual work.

Driving task Authentic local IPAS problem framed as a Teacher-assigned tasks based
driving question. on textbook/worksheet.

Student activity Collaborative inquiry, data collection, Listening, note-taking,
artifact creation, presentation. completing exercises.

Teacher role Facilitator; higher-order questioning; Primary source of
scaffolding; feedback cycles. explanations; directs steps.

Reflection Learning journal + group debrief focusing Limited/none (summary at
on ‘why’ and ‘how’ of concepts. end of lesson).

Assessment Formative checkpoints + rubric for Posttest and routine exercises.

artifact; posttest.

The research population consisted of upper-grade elementary school students, with samples
selected using purposive sampling based on the equivalence of class characteristics and the
schools’ readiness to implement the learning intervention (Arikunto, 2013). Research
instruments included an achievement test to measure conceptual understanding and a
questionnaire to assess supporting aspects of deep learning. The instruments were developed
and validated in accordance with educational measurement principles to ensure validity and
reliability.

Quantitative data analysis employed descriptive and inferential statistical techniques to
determine differences in learning outcome improvements between groups (Creswell, 2014).
Assumption testing (normality and homogeneity), independent samples t-test, N-Gain, and
effect size (Cohen’s d) were used to support robust interpretation.

RESEARCH RESULTS

The research results were obtained from 100 elementary school students who were
proportionally divided into two groups: 50 students in the experimental group who participated
in learning using Project-Based Learning (PjBL) with a deep learning approach, and 50
students in the control group who received conventional instruction. Prior to the
implementation of the treatment, all students completed a pretest to measure their initial
conceptual understanding of Integrated Science and Social Studies (IPAS). Descriptive
statistical analysis indicated that the pretest scores of both groups were relatively equivalent.
The experimental group achieved a mean score of 56.40 with a standard deviation of 7.82,
while the control group obtained a mean score of 55.90 with a standard deviation of 7.65. The
comparable score ranges indicate that there was no significant difference in initial abilities
between the two groups, suggesting equivalent baseline conditions.

Table 2 Descriptive Statistics of Pretest Scores

Group N Min Max Mean SD
Experimental (PjBL) 50 40 72 56.40 7.82
Control 50 42 70 55.90 7.65

After four instructional sessions, students in both groups were administered a posttest using
equivalent instruments. The posttest results showed improvements in learning outcomes for
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both groups; however, the improvement in the experimental group was more pronounced. The
experimental group achieved a mean posttest score of 82.70 with a standard deviation of 6.41,
whereas the control group achieved a mean score of 70.10 with a standard deviation of 6.98.
This difference in mean scores indicates that project-based learning with a deep learning
approach had a stronger impact on students’ conceptual understanding.

Table 3 Descriptive Statistics of Posttest Scores

Group N Min Max Mean SD
Experimental (PjBL) 50 68 95 82.70 6.41
Control 50 60 85 70.10 6.98

To examine the magnitude of learning improvement directly, gain scores were calculated. The
analysis revealed that the experimental group experienced an average increase of 26.30 points,
whereas the control group showed an average increase of 14.20 points. This difference
indicates that students who learned through Project-Based Learning achieved greater
conceptual progress than those who learned through conventional methods.

Table 4 Comparison of Gain Scores

Group Mean Pretest Mean Posttest Gain
Experimental 56.40 82.70 26.30
Control 55.90 70.10 14.20

Further analysis was conducted by calculating the normalized gain (N-Gain) to determine the
effectiveness level of learning improvement. The results showed that the experimental group
obtained an average N-Gain of 0.61, categorized as moderate-high, while the control group
achieved an average N-Gain of 0.32, categorized as moderate. These findings further confirm
that the learning improvement in the experimental group was more effective than in the control

group.

Table 5 Average N-Gain of Learning Outcomes

Group N-Gain Category
Experimental (PjBL) 0.61 Moderate-High
Control 0.32 Moderate

Before hypothesis testing, the posttest data were examined to ensure that the assumptions for
parametric analysis were met. The Shapiro-Wilk normality test indicated that the posttest data
for both groups were normally distributed, with significance values greater than 0.05.
Additionally, the homogeneity of variance test showed that the data were derived from
homogeneous populations. Therefore, the data met the requirements for parametric statistical
testing.

Table 6 Normality Test Results (Posttest)

Group Sig. (Shapiro-Wilk) Interpretation
Experimental 0.134 Normal
Control 0.118 Normal

Hypothesis testing was conducted using an independent samples t-test on the posttest scores of
both groups. The results showed a significance value of 0.000 (p < 0.05) with a calculated t-
value of 8.12. These results indicate a statistically significant difference between the learning
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outcomes of students who participated in Project-Based Learning with a deep learning
approach and those who received conventional instruction.

Table 7 Homogeneity of Variance Test Results
Levene Statistic Sig. Interpretation
0.742 0.391 Homogeneous

To further strengthen the interpretation of the treatment effect, the effect size was calculated
using Cohen’s d. The analysis yielded a Cohen’s d value of 1.12, which falls within the
category of a large effect. This result indicates that Project-Based Learning integrated with a
deep learning approach had a strong impact on improving elementary school students’ learning
outcomes.

Table 8 Independent Samples t-test Results
Variable t df Sig. (2-tailed) Decision
Posttest 8.12 98 0.000 Significant

Overall, the results demonstrate that the implementation of Project-Based Learning with a deep
learning approach consistently led to higher learning gains, stronger effectiveness levels, and
statistically significant differences compared to conventional instruction. These findings
confirm that PjBL is an effective instructional model for improving the quality of IPAS learning
in elementary schools.

Table 9 Effect Size (Cohen’s d)
Comparison Cohen’s d Interpretation
Experimental vs. Control 1.12 Large Effect

DISCUSSION & CONCLUSION

Conclusion

Based on the research findings and discussion, it can be concluded that the implementation of
Project-Based Learning (PjBL) with a deep learning approach is effective in improving
elementary school students’ IPAS learning outcomes. The analysis shows that students’ initial
abilities in the experimental and control groups were relatively equivalent. However, following
the instructional intervention, the experimental group demonstrated significantly higher
learning gains than the control group. This improvement was reflected in higher posttest mean
scores, gain scores, and N-Gain values, and was further supported by statistical test results
indicating significant differences and a large effect size.

These findings suggest that PjBL effectively facilitates meaningful learning through active
student engagement in project activities, conceptual exploration, collaboration, and reflection.
The deep learning approach enables students not only to understand IPAS concepts at a
conceptual level but also to relate them to real-life contexts. Consequently, PjBL contributes
positively to the development of conceptual understanding, higher-order thinking skills, and
the overall quality of IPAS learning processes in elementary schools. Therefore, Project-Based
Learning integrated with a deep learning approach is recommended as an effective and
innovative instructional alternative for enhancing the quality of IPAS education in elementary
schools.

Discussion

The ‘deep learning approach’ discussed here refers to deep cognitive engagement and reflective
learning (deep vs. surface approach), not to computational deep learning. The treatment effects
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are interpreted in relation to the explicit instructional components described in the intervention
procedure.

The findings indicate that the initial abilities of students in both the experimental and control
groups were relatively equivalent. This is evidenced by nearly identical mean pretest scores
accompanied by comparable standard deviations. Such conditions suggest that both groups
possessed similar baseline characteristics, allowing differences in final learning outcomes to
be more confidently attributed to the instructional treatment rather than to prior ability
differences. The equivalence of initial abilities is a critical requirement in quasi-experimental
research to maintain internal validity (Arikunto, 2013; Sugiyono, 2019).

Posttest results revealed improvements in learning outcomes for both groups; however, the
improvement was substantially greater in the experimental group. The high mean posttest score
achieved by the experimental group indicates that project-based learning integrated with a deep
learning approach more effectively facilitated students’ conceptual understanding of IPAS
compared to conventional instruction. This finding aligns with Shrimal (2024), who argues that
PjBL provides authentic learning experiences that encourage students to connect concepts with
real-world situations.

Within the elementary school context, PjBL offers opportunities for students to learn through
exploratory, collaborative, and reflective activities. This process enables learners not merely to
memorize concepts but to construct deeper conceptual understanding. This is consistent with
Lopez-Gazpio (2021), who emphasizes that PjBL enhances students’ cognitive engagement
through project-based problem-solving activities.

Gain score analysis showed that the experimental group experienced nearly double the learning
improvement compared to the control group. This substantial difference demonstrates that
PjBL with a deep learning approach is more effective in promoting conceptual change. Deep
learning emphasizes active knowledge construction, allowing students to integrate new
information with their prior knowledge.

This approach is closely aligned with constructivist learning theory, which views learning as
an active process of meaning-making (Miles et al., 2014). In PjBL, students are directly
involved in planning, implementing, and evaluating projects, making learning experiences
more meaningful. The present findings support Sari et al. (2021), who reported that project-
based learning improves conceptual understanding as well as students’ creative thinking skills.
The N-Gain value of the experimental group, categorized as moderate-high, indicates a strong
level of learning effectiveness, whereas the control group achieved only a moderate category.
This difference suggests that PjBL not only enhances learning outcomes quantitatively but also
improves the quality of the learning process.

These results are consistent with Dewi et al. (2022), who found that PjBL supported by
appropriate scaffolding enhances conceptual understanding and higher-order thinking skills.
Additionally, Arthana et al. (2024) emphasized in their literature review that innovative
project-based learning models and interactive media significantly contribute to the
development of students’ Higher Order Thinking Skills (HOTS).

The independent samples t-test results demonstrated a statistically significant difference
between the learning outcomes of the experimental and control groups. A significance value
below 0.05 confirms that this difference did not occur by chance. Therefore, the research
hypothesis stating that PjBL with a deep learning approach is more effective than conventional
instruction is accepted.

This finding is consistent with Sarwi et al. (2019), who reported that inquiry- and project-based
innovative learning models significantly enhance students’ conceptual understanding and
scientific skills. In the context of elementary science education, learning that emphasizes
scientific processes and real-world problem-solving is particularly relevant for fostering
scientific literacy from an early age (Fakhriyah et al., 2017).
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The Cohen’s d value of 1.12 indicates a large effect size, suggesting that the impact of PjBL
with a deep learning approach is not only statistically significant but also practically
meaningful. This strengthens the argument that PjBL is a highly viable instructional model for
widespread implementation in elementary schools.

Baskara et al. (2024) noted that the effectiveness of PjBL can be further enhanced when
integrated with technological innovations, including artificial intelligence and digital media.
Although this study did not extensively integrate technology, the strong results obtained
indicate considerable potential for further development.

IPAS, as a subject emphasizing conceptual understanding, scientific processes, and the
application of knowledge in everyday life, aligns well with the characteristics of PjBL. Through
project activities, students can observe natural phenomena, conduct simple experiments, and
present their findings in various formats. This process supports deep learning, as students are
actively engaged at every stage of learning.

Rusilowati and Pangestu (2022) emphasized the importance of contextual and experiential
learning approaches in improving science conceptual understanding. Similarly, Winarto et al.
(2022) found that learning approaches linking science to cultural contexts and real-life
situations enhance students’ creative thinking and problem-solving skills.

In addition to improving cognitive learning outcomes, PjBL also has the potential to enhance
students’ motivation and engagement. Although motivation was not directly measured in this
study, the significant improvement in learning outcomes may serve as an indirect indicator of
increased student engagement during the learning process. This aligns with Jadska et al. (2022),
who reported that project-based and game-based learning approaches increase students’
intrinsic motivation.

Studies by Gustari et al. (2025) and Sembiring and Butar-Butar (2024) further demonstrate that
innovative learning models can increase elementary students’ interest and learning activity.
Thus, the implementation of PjBL has the potential to generate holistic impacts on students’
cognitive, affective, and psychomotor development.

The findings of this study are also relevant to research on Game-Based Learning (GBL) and its
integration with PjBL. Several studies indicate that combining PjBL and GBL enhances
creativity, scientific literacy, and conceptual understanding (Asia et al., 2025). Although this
study did not incorporate game elements, the deep learning approach employed shares similar
principles, particularly the emphasis on active engagement and meaningful learning
experiences (Bako et al., 2025).

Vallejo-Imbaquingo et al. (2025), in their umbrella review, affirmed that project-based and
game-based learning have strong pedagogical foundations rooted in constructivist and
contextual learning theories. Therefore, the results of this study may serve as a foundation for
developing integrated learning models that combine PjBL, GBL, and deep learning approaches.
Despite the strong effectiveness demonstrated, several limitations should be acknowledged.
First, the study was conducted over only four instructional sessions, limiting conclusions about
the long-term impact of PjBL. Second, the study focused primarily on cognitive learning
outcomes, leaving affective and psychomotor domains underexplored (Jamaludin et al., 2024).
Future research is recommended to examine PjBL implementation over longer periods and to
incorporate measures of motivation, creativity, and 2l1st-century skills. Additionally,
integrating digital technology, interactive media, and ethnoscience-based approaches may offer
promising avenues for developing more comprehensive learning models (Sarwi et al., 2025).
Overall, the discussion demonstrates that Project-Based Learning with a deep learning
approach makes a significant contribution to improving elementary school students’ IPAS
learning outcomes. These findings are supported by a growing body of research highlighting
the strengths of PjBL in enhancing conceptual understanding, higher-order thinking skills, and
student engagement.
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With a large effect size and high effectiveness, PjBL is strongly recommended as a primary
instructional model for IPAS learning in elementary schools. Consistent implementation
supported by careful instructional planning is expected to enhance learning quality and help
students develop deep and sustainable conceptual understanding.
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