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Abstract

This study investigates the impact of the Problem-Based Learning (PBL) model assisted by PhET
simulations on students' understanding of physics concepts. Recognizing the persistent challenge
students face in grasping abstract physics concepts, this research integrates innovative teaching
methods to enhance conceptual comprehension. The study employs a quasi-experimental design
with a non-equivalent control group format, involving eleventh-grade science students from SMAN
1 Bayan, North Lombok. The experimental group, taught using the PBL model enhanced with PhET
simulations, demonstrated significant improvements in posttest scores compared to the control
group, which followed traditional lecture-based instruction. Data analysis, including validity,
reliability, discrimination power, and difficulty level tests, confirmed the robustness of the concept
understanding instrument. ANOVA results indicated a substantial effect of the intervention, with the
experimental group showing a higher mean score and lower variability in performance. The
findings reveal that the PBL model, supported by interactive PhET simulations, effectively enhances
students' conceptual understanding in physics. This study contributes to the broader discourse on
educational innovations by providing empirical evidence of the benefits of combining PBL with
technological tools in physics education. It underscores the need for student-centered learning
approaches that foster critical thinking and active participation. Future research should explore the
scalability of this method across diverse educational contexts and further refine the integration of
digital simulations to cover a broader range of physics topics.
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INTRODUCTION

The comprehension of concepts is crucial as they form the foundation for
higher mental processes involved in formulating principles and generalizations
(Mauke et al., 2013). However, many students struggle to grasp the concepts taught
in physics education. This difficulty often stems from misconceptions and a poor
understanding of the subject matter (Yusuf et al., 2022). Instead of comprehending
material, students tend to memorize it, which leads to a quicker forgetfulness of the
learned content. Enhancing conceptual understanding is essential for students to
cultivate their critical thinking abilities. Therefore, educators must focus on
developing students' thinking skills to enable them to solve problems in physics
learning effectively.

Physics plays a pivotal role in advancing scientific knowledge within the
educational sphere by encouraging students to think actively and creatively. It is
also crucial for fostering personal character traits such as cognitive, affective, and
psychomotor skills, all based on a profound understanding of knowledge that aids
in solving natural phenomena (Salvetti et al., 2023). The physics education process
should align with the Indonesian National Education Standards, promoting a more
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active student involvement in learning. Given that many physics concepts are
abstract, they can be challenging for students to understand. Thus, it is necessary to
utilize constructive, innovative, and student-centered teaching methods and media
to clarify these abstract concepts and make them more accessible to students.

Based on observations conducted at SMAN 1 Bayan in North Lombok, it was
found that student engagement in physics learning activities in the classroom is
lacking. Teachers predominantly continue to deliver lessons using traditional
methods, predominantly lecturing and writing on the chalkboard from the
beginning to the end of the class, which indicates a lack of student-centered
teaching approaches. This teaching model results in students merely listening and
copying material presented by the teacher, which hinders their ability to effectively
understand physics concepts. Furthermore, the use of instructional media that
could simplify explanations and aid student comprehension is underutilized.
Additionally, practical laboratory activities, both in actual and virtual labs, are
seldom conducted.

Most students face challenges in understanding physics concepts, as
highlighted in various studies. These difficulties are not solely due to a lack of
mathematical knowledge (Planini¢ et al., 2013), and traditional problem-solving
methods may not effectively enhance conceptual understanding (Eun-Sook & Pak,
2002). Physics students tend to rely heavily on formulas, while non-physics students
often use common-sense strategies, indicating a gap in physics conceptual
understanding (Susac et al., 2018). Concept inventories have revealed significant
gaps in students' understanding of physics, prompting a shift towards more
effective teaching methods like active learning (Cetnar, 2023). Teaching strategies
such as reciprocal teaching have been shown to positively impact students'
academic self-concept in physics (Mafarja et al.,, 2023). Additionally, the use of
online homework systems can enhance students' learning of physics concepts
(Cheng etal., 2004). However, despite repeated explanations, students still struggle
to grasp basic physics concepts (Su, 2010), leading to challenges in retention and
self-efficacy (Bada & Jita, 2023). It is crucial for physics teachers to identify and
address students' misunderstandings through tailored teaching methods (Tao et
al., 2018). Overall, addressing students' conceptual difficulties in physics requires a
multifaceted approach that combines innovative teaching methods, active learning
strategies, and tailored interventions to bridge the gap between theoretical
knowledge and practical understanding.

Educators can innovate by implementing teaching models that actively
engage students in learning and center on student participation (Grendahl-Glavind
etal., 2023). Learning activities should position students as principal agents, directly
involved in the educational process. According to Aliyu et al. (2023), one
pedagogical approach that promotes active student involvement and is particularly
effective in enhancing critical thinking skills is Problem-Based Learning (PBL). The
PBL model utilizes real-world issues as a foundation for students to engage in
problem-solving, thereby acquiring knowledge and understanding concepts
related to the studied material (Albar & Southcott, 2021). The challenges presented
in the PBL model encourage students to collaborate within groups, exchanging
ideas and seeking solutions collectively (Suhirman et al., 2021).
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Physics, inherently theoretical, can be challenging for students to grasp and
often requires validation through experiments (Zafeiropoulou et al., 2021). These
experiments are crucial for facilitating a deeper understanding of the subject
matter. However, due to the limited availability of experimental apparatus, students
rarely engage in hands-on experiments. A solution to this limitation is the use of
virtual laboratories, which allow students to observe phenomena that are otherwise
difficult to demonstrate (Ahmed & Hasegawa, 2021; Bedetti et al., 2018; Chang et
al., 2022). One widely used virtual laboratory application is the PhET (Physics
Education Technology) simulation, which hosts numerous scientific experiments
aiding in the comprehension of abstract scientific concepts (Chinaka, 2021; Correia
etal., 2019; Ndihokubwayo et al., 2020; Verawati et al., 2022).

PhET is a virtual laboratory platform accessible both online and offline via
computers, smartphones, and similar devices, overcoming the limitations of
physical laboratory equipment for conducting experiments (El-Kharki et al., 2021).
The PhET application is designed to offer various problem-solving activities that can
be integrated during learning sessions. By incorporating PhET simulations into the
Problem-Based Learning model, it is anticipated that students will better
understand the concepts of physics.

Research Objectives and Questions

Given the background concerning the low level of students' understanding of
physics concepts, the researcher is motivated to conduct a study exploring the
effects of the Problem-Based Learning (PBL) model assisted by PhET simulations on
students' conceptual understanding in physics. Specifically, the research question
posed is as follows:
e What is the effect of the Problem-Based Learning model assisted by PhET

simulations on students' understanding of physics concepts?

Novelty of the Study

This study introduces a novel approach to physics education by integrating the
Problem-Based Learning (PBL) model with PhET simulations, a method not
extensively explored in previous research within the context of Indonesian
educational settings, especially in physics. These simulations offer dynamic,
interactive environments that allow students to visualize and manipulate physical
phenomena, potentially bridging the gap between theoretical concepts and
practical understanding. This integration aims to transform the traditional passive
learning atmosphere into an engaging, student-centered experience.

The research uniquely addresses the persistent issue of low conceptual
understanding in physics by leveraging technology to facilitate active learning.
Despite the known benefits of active learning strategies in improving physics
education outcomes, the specific combination of PBL and PhET simulations
represents an innovative fusion of pedagogy and technology. By employing PhET
simulations within the PBL framework, this study explores how virtual experiments
can supplement the problem-solving activities, providing immediate feedback and
allowing students to experiment with concepts in a risk-free environment. This
approach is anticipated to enhance students' engagement and retention of
complex physics concepts more effectively than traditional methods.
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Furthermore, the study contributes to the field by focusing on the effects of
this integrated model on students' understanding in a real-world educational
setting, providing empirical data from SMAN 1 Bayan in North Lombok. This focus
on a local context with specific educational challenges adds significant value to the
global discourse on physics education, offering insights that could inform future
educational practices and policy decisions. By examining the impact of innovative
teaching strategies on student outcomes, this research could serve as a model for
other regions facing similar challenges in science education, advocating for broader
adoption of technologically enhanced, student-centered learning paradigms.

METHODS

This study adopted a quasi-experimental research design using a non-
equivalent control group format, as outlined by Creswell and Creswell (2018). The
purpose of employing this design was to compare the outcomes of two different
teaching approaches on students' understanding of physics concepts. The
experimental group received instruction through a problem-based learning (PBL)
model enhanced with PhET simulations, designed to engage students actively and
mimic real-world problem-solving scenarios in physics. The control group, on the
other hand, was taught using traditional lecture-based methods, which provided a
comparative baseline to evaluate the effectiveness of the innovative PBL approach.
Both groups were subjected to pretests and posttests to assess their initial
knowledge states and the subsequent impact of the instructional methods.

O X O,
O3 C Oy

Figure 1. Research design

The research design was meticulously planned to ensure robustness in
measuring the effect of the intervention. Figure 1 in the study illustrates the design
structure, where O; and O; represent the pretest and posttest for the experimental
group, and Oz and O4 represent the pretest and posttest for the control group. This
setup allowed for the assessment of both the initial equivalence of the groups and
the differential impact of the intervention. The use of this design was crucial for
establishing causal relationships and understanding the specific contributions of
the PhET-assisted PBL model in enhancing students' physics concept
comprehension.

The participants of this study were drawn from SMAN 1 Bayan, consisting of
students from two eleventh grade science classes during the academic year
2022/2023. Class XI MIPA 1, consisting of 30 students, was selected as the
experimental group, and class XI MIPA 2, with 28 students, served as the control
group. The selection of these specific classes was based on purposive sampling,
chosen for their homogeneity in terms of academic performance and
demographics, which minimized potential confounding variables. This sample size
was deemed adequate for statistical analysis, allowing for a comprehensive
evaluation of the educational interventions.

Ethical considerations were paramount in this research, especially given the
involvement of minor students as participants. Prior to the commencement of the
study, informed consent was obtained from both the students and their guardians,
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ensuring they were fully aware of the research's nature, purpose, and procedures.
Confidentiality and anonymity of the participants were strictly maintained
throughout the study. The educational interventions were designed to align with
the standard curriculum to ensure that no student was disadvantaged by
participating in the study. Ethical approval was also secured from the institutional
review board of SMAN 1 Bayan, adhering to ethical guidelines for research
involving human subjects.

The research procedure began with the administration of a pretest to both the
experimental and control groups to establish a baseline measure of their
understanding of physics concepts. Following the pretest, the experimental group
engaged in a problem-based learning framework that integrated PhET simulations
into their learning activities. This approach emphasized student interaction with
virtual experiments to explore physics concepts dynamically, fostering a deeper
understanding through inquiry and application. The control group, meanwhile,
continued with traditional instruction, focused primarily on lecture and textbook-
based learning, without the inclusion of interactive simulations. Figure 2 displays a
recording of the PhET simulation utilized during the instructional period on fluid
mechanics material.

Figure 2. PhET simulation on fluid mechanics material

At the conclusion of the instructional period, a posttest was administered to
both groups. This test was identical to the pretest to ensure comparability of results.
The intervention lasted for a total of eight weeks, during which the progress and
engagement of the students were monitored. The use of PhET simulations in the
experimental group was designed to provide insights into the practical application
of physics concepts, aiming to enhance conceptual understanding significantly
compared to the conventional teaching methods employed in the control group.

The primary instrument used in this study was a standardized multiple-choice
test, designed to assess students' understanding of key physics concepts. The test
comprised items that were carefully selected and validated for content accuracy,
relevance, and alignment with the learning objectives of the physics curriculum.
Each test item underwent a rigorous validation process involving subject matter
experts to ensure reliability and appropriateness for the target student population.
The same test was used for both the pretest and posttest to measure learning gains
accurately. Concept understanding test items are designed using Bloom's
Taxonomy (Krathwohl, 2002). This taxonomy identifies six cognitive levels thatrange
from simple recall to complex evaluative thinking.
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Data collected from the tests were analyzed using SPSS version 21. The initial
step in the analysis involved conducting prerequisite checks, including tests for
normality and homogeneity of variance, to validate the assumptions of the
subsequent analysis of variance (ANOVA). The hypothesis testing was carried out
using an ANOVA, aimed at comparing the mean scores of the experimental and
control groups on the posttest. This analysis helped determine the effectiveness of
the problem-based learning model enhanced by PhET simulations in improving
students’ understanding of physics concepts compared to traditional teaching
methods. The statistical significance and effect size were reported to provide a clear
understanding of the impact of the educational interventions.

RESULTS AND DISCUSSION

A study has been conducted to explore the effect of the Problem-Based
Learning (PBL) model assisted by PhET simulations on students' understanding of
physics concepts. The research findings detail various outcomes from the
instrument trials, including descriptions of discoveries and the results of hypothesis
testing. The instrument testing encompasses several aspects: validity, reliability,
discrimination power, and difficulty level of the test instruments. The validity test of
the instruments was conducted to determine whether the test instruments used
were valid. Before being utilized in the study, the concept understanding
instruments were first subjected to validity testing. The results of the validity tests
for the concept understanding test instruments are presented in Table 1.

Table 1. Instrument validity results

Instrument Number of items Valid Invalid
Concept understanding test 30 25 5

Table 1 provides the validity results for the instrument used in the study,
specifically focusing on the concept understanding test. Out of the 30 items
included in the test, 25 items were found to be valid, meaning they effectively
measure what they are intended to assess in terms of students' understanding of
physics concepts. However, 5 items were deemed invalid, indicating that these
particular questions may not accurately reflect or measure the intended concepts.
These findings are crucial for refining the test to ensure that all items contribute
meaningfully to assessing students' conceptual understanding accurately.

Reliability testing was conducted to determine whether the concept
understanding instrument used in the study possesses sufficient reliability
(confidence level) to serve as a data collection tool. In this research, the reliability of
the instrument was assessed using Cronbach's Alpha, and the analysis was
facilitated by the SPSS 21 software program. The results of the reliability analysis are
presented in Table 2.

Table 2. Instrument reliability test results

Variable Cronbach’s-Alpa Ftabel Alpa>0.381
Concept understanding 0.821 0.361 Reliable

Table 2 outlines the results from the reliability test of the instrument used to
assess concept understanding. The Cronbach's Alpha value obtained was 0.821,
which significantly exceeds the threshold value (rube) of 0.361, indicating that the
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instrument is reliable. Since the Alpha value is greater than 0.381, it confirms that
the instrument has a high level of internal consistency and can be trusted to provide
accurate and consistent measurements of students' understanding of physics
concepts, thereby validating its use as a dependable tool for data collection in the
study. Furthermore, the results of the different power test for understanding the
concept are presented in Table 3.

Table 3. The results of the power test differ regarding understanding the concept

Item category Number of items Items

Accepted 25 1,2,3,4,5,6,8,10,11,12,13,14,15,19,20,21,
22,23,24,25,26,27,28,29,30

Corrected 0 -

Rejected 5 7,9,17,18,16

Table 3 presents the outcomes of the discrimination power test concerning the
concept understanding test items. Out of the total items evaluated, 25 were
accepted, indicating that they effectively differentiate between students who have
mastered the physics concepts and those who have not. These accepted items
include numbers 1 through 6, 8, 10 through 15, 19 through 25, 26 through 30.
Conversely, 5 items were rejected (items 7, 9, 16, 17, 18) because they failed to
adequately discriminate between different levels of understanding among the
students. No items required corrections, as indicated by the zero count in the
'Corrected' category, underscoring the robustness of the majority of the test items
in assessing conceptual understanding accurately. Furthermore, The analysis results
of the difficulty level of the concept understanding instrument are presented in
Table 4.

Table 4. Results of the difficulty level test of the concept understanding instrument

Item category Number of items Items

Difficult 9 5,7,13,14,18,22,26,27,30

Medium 16 8,9,10,11,12,15,17,19,20,21,23,24,25,28,29
Easy 5 1,2,3,4,6,16

Table 4 displays the results from the difficulty level analysis of the concept
understanding instrument used in the study. The items were categorized based on
their level of difficulty: 9 items (numbers 5, 7, 13, 14, 18, 22, 26, 27, 30) were
classified as difficult, indicating that they pose a higher challenge to students and
require a deeper understanding of physics concepts. A majority of 16 items
(numbers 8, 9,10, 11,12, 15,17, 19, 20, 21, 23, 24, 25, 28, 29) were categorized as
medium in difficulty, suggesting a balanced level of challenge suitable for testing
average comprehension. Additionally, 5 items (numbers 1, 2, 3, 4, 6, 16) were
deemed easy, implying they are likely to be correctly answered by most students,
thus serving as confidence-building questions within the test framework. This
categorization helps in ensuring that the test assesses a range of abilities, from basic
to advanced understanding of the subject matter.

The research findings related to students' concept understanding in both the
experimental and control groups (Table 5) provides a detailed comparison of
students' conceptual understanding in both the control and experimental groups,
measured before and after the intervention using pretest and posttest scores.
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Initially, both groups started with a similar number of valid responses (28 in the
control and 30 in the experimental groups). The mean pretest scores were relatively
close, with the control group scoring 28.71 and the experimental group scoring
27.60. This initial similarity suggests that both groups were comparable at the start
of the study. Standard errors and deviations are within expected ranges, indicating
consistency in scoring within the groups.

Table 5. Pretest-posttest scores of students' conceptual understanding in the
experimental and control groups

Measured Aspects Pretest Posttest
Control Experimental Control Experimental

Valid 28 30 28 30
Mean 28.71 27.60 51.78 62.13
Std. Error of Mean 1.44 1.31 2.16 1.48

Std. Deviation 7.63 7.15 11.45 8.10
Coefficient of variation 0.27 0.26 0.22 0.13
Minimum 12.00 16.00 24.00 44.00
Maximum 40.00 40.00 72.00 78.00

The posttest results, however, highlight a significant difference in outcomes
between the two groups. The experimental group, which utilized the Problem-
Based Learning model assisted by PhET simulations, showed a notable increase in
the mean score from 27.60 to 62.13, surpassing the control group's increase from
28.71 to 51.78. This suggests a more effective conceptual understanding
development in the experimental group. The standard deviation and error of mean
in the posttest scores also remained consistent, affirming the reliability of the test
scores. Furthermore, the coefficient of variation decreased significantly in the
experimental group (from 0.26 to 0.13), indicating less variability in performance
and a stronger grasp of physics concepts among these students. The range
between the minimum and maximum scores in both groups widened, with the
experimental group achieving a higher maximum score, further demonstrating the
effectiveness of the intervention.
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Figure 3. Graph of the percentage of achievement for each indicator of concept
understanding in the experimental group
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The scores for each indicator of concept understanding (in the pretest and
posttest) for the experimental and control groups are presented in Figure 3 and
Figure 4, respectively. Based on the results shown in Figure 3, it was found that all
concept understanding indicators from C1 to C2 increased after the intervention.
This indicates that the Problem-Based Learning process assisted by PhET
simulations improved the students' concept understanding in the experimental
group. The scores for each concept understanding indicator for the control group
are presented in Figure 4.
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postest 59% 56% 46% 61% 47% 40%

Figure 4. Graph of the percentage of achievement for each indicator of concept
understanding in the control group

Based on Figure 4, it is observed that all concept understanding indicators
showed improvement in the control group, although the increases were not as
substantial as those in the experimental group. Subsequently, a hypothesis test was
conducted to determine the differences in concept understanding between the
experimental and control groups. This is aimed at examining the effect of the
Problem-Based Learning model assisted by PhET simulations on students'
understanding of physics concepts. Prerequisite tests were performed before the
hypothesis testing to check if the data were normally distributed and
homogeneous. The results indicated that the data were both normally distributed
and homogeneous, with both tests showing a significance greater than 0.05. The
hypothesis testing in this study utilized ANOVA, with the results summarized in
Table 6.

Table 6. ANOVA test results from posttest data in the experimental and control groups

Cases Sum of squares df Mean square F o) VS-MPR* n2
Posttest 1550.77 1 1550.72 15.96 <.001 224.95 0.22
Residuals 5442 .18 56 97.18

*VS-MPR = Vovk-Sellke Maximum p -Ratio

The results from the ANOVA test, as detailed in Table 6, demonstrate
significant differences in the posttest scores between the experimental and control
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groups, which were analyzed to assess the effectiveness of the Problem-Based
Learning model assisted by PhET simulations. The analysis revealed a substantial
sum of squares between the groups (1550.77) with one degree of freedom,
resulting in a mean square of 1550.72. The computed F-value of 15.96, along with
a p-value less than 0.001, indicates a statistically significant difference in concept
understanding between the groups. This suggests that the intervention using the
PBL model supported by PhET simulations had a pronounced positive effect on the
students' understanding of physics concepts.

Further statistical analysis using the Vovk-Sellke Maximum p-Ratio (VS-MPR)
resulted in a maximum p-ratio of 224.95, underscoring the strength and significance
of the test result. Additionally, the eta squared (n?) value of 0.22 suggests that
approximately 22% of the variance in concept understanding scores across the
groups can be attributed to the intervention. This moderate effect size further
validates the educational impact of the Problem-Based Learning approach
enhanced by PhET simulations, confirming its effectiveness in improving conceptual
understanding among physics students.

The integration of the Problem-Based Learning (PBL) model supported by
PhET simulations has significantly enhanced students' understanding of physics
concepts, as evidenced by the findings from our study. This improvement aligns
with existing research suggesting that PBL enhances student attitudes and
participation more effectively than traditional lecture-based methods (Kim et al.,
2016). The active engagement required in PBL encourages deeper learning and
greater satisfaction among students, which likely contributed to the positive
outcomes observed in our experimental group. This method facilitates an
educational environment where students are not merely passive recipients of
information but active participants in constructing their understanding.

PhET simulations play a critical role in this integrated learning approach by
providing interactive and dynamic tools for exploring complex physics concepts.
Studies have shown that these simulations aid in the intuitive development of
mental models, particularly in challenging subjects like quantum mechanics
(McKagan et al., 2008; Saudelli et al., 2021). In our study, the use of PhET simulations
allowed students to visualize and manipulate physical phenomena in real-time,
which helped in cementing their understanding and retaining difficult concepts
more effectively.

The effectiveness of PBL in enhancing problem-solving skills has been well-
documented, with research indicating significant improvements in students' ability
to apply physics concepts to solve practical problems (Yanto et al., 2021). This
enhancement of problem-solving capabilities is crucial in physics education, where
the application of theoretical knowledge to solve real-world challenges is a key
learning outcome. Our findings suggest that the PBL model, especially when
combined with PhET simulations, provides a robust framework for developing these
essential skills. Moreover, the combination of PBL and PhET simulations has proven
effective in increasing student interest and engagement in learning physics (Ismalia
etal., 2022). By making learning more interactive and less monotonous, these tools
motivate students to explore and inquire, leading to improved cognitive
engagement and thinking skills. This increased engagement was evident in our
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study, where students in the experimental group demonstrated higher interest and
participation levels compared to the control group.

Incorporating PhET simulations into PBL not only supports the learning of
abstract physics concepts but also enhances students' digital literacy skills. As
students navigate through various simulations, they develop a better understanding
of how to use technology to facilitate their learning, which is an essential skill in the
modern educational landscape. This aspect of the learning process prepares
students not only for advanced studies in scientific fields but also equips them with
the technological proficiency needed in many modern careers. Furthermore, the
use of PBL supported by PhET simulations has shown to improve students'
cooperative learning abilities (Fan et al., 2018). Working together in groups to solve
problems presented in simulations helps students learn to communicate effectively,
share knowledge, and support each other's learning processes. This cooperative
aspect of PBL fosters a sense of community and collective responsibility among
learners, enhancing the overall educational experience.

Studies have also highlighted the scalability and accessibility of PhET
simulations, which are freely available online, making them an excellent resource
for educators across various settings (Perkins et al., 2008). This accessibility ensures
that innovative teaching methods can be implemented without significant resource
constraints, allowing for broader adoption in diverse educational contexts. The
findings from our study suggest that integrating PBL with PhET simulations similarly
impacts various aspects of student learning, contributing to a more rounded
educational experience.

The results of the current study are in line with previous research where PhET
simulations can challenge, improve, correct, and strengthen conceptual
understanding through self-driven exploration, contributing to enhanced learning
outcomes (Clark & Chamberlain, 2014). Additionally, the use of PhET simulations in
learning environments has been associated with improved conceptual
understanding, insight into the nature of science, awareness of historical
experiments, and increased motivation levels among students (Banda &
Nzabahimana, 2022;, Susilawati et al., 2022 ; , Doyan et al., 2021). Furthermore, the
incorporation of PhET simulations in teaching has been found to not only enhance
students' understanding and intuition but also promote independent learning
(Verawati et al., 2022). These simulations have been effective in improving students'
learning outcomes, motivation, problem-solving skills, and mastery of concepts
across various subjects (Khairiyah et al., 2022; , Efendi & Sartika, 2021; , Azzubairiyah
et al., 2022). The interactive nature of PhET simulations has been particularly
beneficial in attracting students' interest and engagement in both hybrid and fully
online learning settings (Juwairiah et al., 2022).

Despite the proven benefits of integrating PBL with PhET simulations,
challenges such as ensuring consistent access to technology and training educators
to effectively implement these tools must be addressed. However, the potential for
significant improvements in student learning outcomes justifies the effort required
to overcome these challenges. In conclusion, our study confirms that the integration
of the Problem-Based Learning model with PhET simulations provides a powerful
educational framework for enhancing conceptual understanding, problem-solving
skills, and student engagement in physics education. This model not only supports
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academic achievement but also fosters essential skills such as critical thinking,
collaboration, and digital literacy, making it a valuable addition to contemporary
educational practices in physics.

CONCLUSION

The study conducted on the integration of the Problem-Based Learning (PBL)
model assisted by PhET simulations has significantly enhanced students'
understanding of physics concepts, substantiating the potential of this innovative
educational approach. The findings confirm that the PBL model, especially when
supplemented with interactive PhET simulations, not only facilitates a deeper
understanding of complex physics concepts but also actively engages students in
the learning process. This engagement is reflected in the improved posttest scores
of the experimental group compared to the control group, illustrating the effective
application of theoretical knowledge through practical, problem-solving activities
that are central to PBL. Additionally, the integration of technology in the form of
PhET simulations has proved instrumental in bridging the gap between abstract
theoretical concepts and tangible understanding, making learning more accessible
and enjoyable for students.

Moreover, the successful implementation of this teaching strategy within the
context of Indonesian educational standards, particularly at SMAN 1 Bayan in North
Lombok, highlights its applicability and scalability in diverse educational settings.
This study not only contributes to the existing body of knowledge by demonstrating
the effectiveness of combining PBL with PhET simulations but also sets a precedent
for future educational practices. It underscores the importance of adopting
innovative, student-centered teaching methods that can significantly enhance
conceptual understanding and student engagement. As such, this approach is
recommended for broader adoption to address the ongoing challenges in physics
education, fostering not only improved academic performance but also critical
thinking, problem-solving skills, and a genuine interest in scientific exploration.

RECOMMENDATION

For future directions in physics education, it is recommended that educators
and institutions continue to embrace and expand the use of integrated teaching
approaches like Problem-Based Learning (PBL) combined with PhET simulations.
This approach should be applied not only to enhance conceptual understanding
but also to foster critical thinking and problem-solving skills among students.
Additionally, further research should investigate the scalability and effectiveness of
this method across different educational levels and settings to assess its broader
impact. Efforts should also focus on incorporating a wider range of interactive
simulations that cover various physics topics, ensuring that these tools are aligned
with the curriculum and accessible to all students. Furthermore, teacher training
programs should emphasize the development of skills needed to effectively
implement these innovative teaching methods, enabling educators to facilitate
more dynamic and engaging learning environments. This holistic approach will
likely contribute to a more robust and engaging physics education, preparing
students to tackle real-world challenges with confidence and competence.
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