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Abstract - Physics learning in schools often remains dominated by conventional methods, resulting in low
student motivation and suboptimal cognitive learning outcomes, particularly when abstract concepts are
taught without adequate support for practicum. This condition becomes more challenging in schools with
limited laboratory facilities. This study aimed to examine the implementation of discovery-learning-based
student worksheets assisted by PhET Interactive Simulations and to determine their effects on students’
learning motivation and cognitive learning outcomes in physics, particularly in the direct current electricity
material. This study employed a quasi-experimental method with a pretest-posttest nonequivalent control
group design. The research was conducted at Muhammadiyah Senior High School Jayapura and involved
41 students selected through purposive sampling. The instruments used were a learning motivation
questionnaire and pretest-posttest items measuring cognitive learning outcomes. The data were analyzed
using descriptive statistics, N-gain, independent-samples t-test, and MANOVA using SPSS 16.0. The results
showed that students who learned with discovery-learning-based student worksheets assisted by PhET
interactive simulations had higher motivation and better cognitive learning outcomes than those who
learned with textbook-based worksheets. The independent-samples t-test showed a significance value of
0.000 < 0.05, indicating a significant difference in learning motivation between the two groups. In addition,
the MANOVA yielded a p-value of 0.000 < 0.005, indicating a significant difference in both motivation and
cognitive learning outcomes. The novelty of this study lies in the integrated use of discovery-learning-based
student worksheets and PhET interactive simulations to simultaneously enhance student motivation and
cognitive achievement in physics. In conclusion, this approach is effective in fostering active, interactive,
and meaningful learning while also serving as an alternative for schools with limited laboratory resources.
This study contributes to physics education by providing empirical evidence that integrating structured
worksheets, discovery learning, and virtual simulations can enhance both the quality of instruction and
student learning performance.
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I. INTRODUCTION

The development of science has accelerated technological innovation and marked
substantial progress across many sectors. At present, technological advancement has entered the
digital era (Lestari, 2018). In education, technology is both a product of scientific progress and a
strategic resource for improving the quality of learning. Accordingly, educational practice should
integrate technology to support more effective learning processes. One subject that particularly
requires such support is physics, because appropriate technology integration can help motivate
students to learn (Mahardika et al., 2022; Sanjaya, 2013). Based on a preliminary analysis
conducted by the researchers at Muhammadiyah Senior High School in Jayapura using student
questionnaires, 65.5% of students reported difficulty understanding physics lessons, 55.4%
indicated that physics involves too many symbols, formulas, and terms, and 47% stated that
practical activities were limited because of inadequate laboratory equipment.

Another important issue in physics instruction is the limited technological proficiency of
some educators in using computers to design learning media and integrate them into classroom
practice. In many cases, traditional teaching still dominates, with lessons delivered directly
through teacher explanation and the use of the whiteboard. These conditions require greater
attention to enable educators to implement creative, innovative, enjoyable, and engaging learning
(Hidayati & Puspitarini, 2020). Therefore, information technology competence is essential for
educators. Teachers are expected not only to master physics content but also to develop engaging
teaching media and instructional materials. They are also expected to provide interactive,
engaging, memorable, and user-friendly learning media for students (Amin et al., 2019). Several
studies have developed virtual animation programs that can function as virtual laboratories to
improve students’ understanding of physics concepts (Purwasi & Fitriyana, 2020; Villaruel,
2025). In physics learning, students are expected not only to memorize theories and formulas but
also to develop conceptual knowledge and mastery through meaningful learning experiences
(Kaukaba et al., 2022). In this context, the learning process is essentially a communication
process, and effective learning depends on how clearly students can convey and construct
concepts. One learning tool that can support this process is the Student Worksheet, which serves
as a guide for learning activities and includes tasks in the form of questions and structured
activities (Nurdin & Adriantoni, 2016).

The results of a preliminary study conducted using questionnaires and pretests at
Muhammadiyah Senior High School in Jayapura indicated that students’ motivation and learning
outcomes remained low. Interviews with physics teachers revealed that the worksheets used in

learning were derived only from textbooks. Practical activities were also constrained by
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incomplete laboratory equipment. In fact, learning in physics tends to be more effective when
theoretical explanations are balanced with practical experience. The interviews further showed
that teachers were not yet familiar with using virtual laboratory applications to address these
limitations. As a result, physics learning was still dominated by lectures. Although various studies
have investigated discovery learning, student worksheets, and PhET Interactive Simulations in
physics learning, most have examined these components separately. Research specifically
integrating discovery-learning-based Student Worksheets, assisted by PhET Interactive
Simulations, to improve learning motivation and cognitive learning outcomes in high school
physics, particularly in schools in Papua, remains limited. Therefore, research examining the
integrated implementation of these approaches is needed to provide more contextual and
comprehensive empirical evidence.

Several previous studies have investigated the use of Student Worksheets supported by
PhET simulations in physics learning to improve student motivation and learning outcomes. Their
findings indicate significant differences between PhET-based learning and conventional learning
(Mahardika, 2022). Other studies have developed worksheets integrated with instructional models
such as Problem-Based Learning (PBL) or Guided Discovery Learning. These studies show that
the role of worksheets is not merely to provide exercises, but also to guide students through
structured discovery processes so that they can actively construct concepts on their own (Rizki et
al., 2023). In addition, some studies have focused on the quality of the worksheets themselves,
showing that their contribution is reflected not only in student learning outcomes but also in their
validity, feasibility, and student responses (Susilawati & Agustinasari, 2022; Kaukaba et al.,
2022; Prastowo, 2014; Said et al., 2024).

Previous research has examined Student Worksheets, discovery learning, and PhET
Interactive Simulations separately. However, limited research has integrated discovery-learning-
based Student Worksheets with PhET Interactive Simulations and examined their effects on both
learning motivation and cognitive learning outcomes. Therefore, this study was conducted to
address that gap. First, discovery-learning-based Student Worksheets function as learning guides
that encourage students to actively explore, observe, formulate hypotheses, and draw conclusions
independently. This approach shifts students from passive recipients of information to active
learners, making learning more meaningful and challenging, and thereby increasing curiosity and
intrinsic motivation. Second, PhET Interactive Simulations address the limitations of real-world
practicum activities and the difficulty of visualizing abstract physics concepts. Through these
simulations, students can conduct interactive, safe, and flexible virtual experiments. They can
directly observe physical phenomena, manipulate variables, and identify cause-and-effect

relationships, thereby strengthening conceptual understanding. Third, integrating Student
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Worksheets with PhET enables more structured and goal-oriented learning. The worksheets guide
students’ exploration within PhET so that they do not merely interact with the simulation
superficially but remain focused on the intended learning objectives. This integration is expected
to increase student engagement during the learning process and, ultimately, improve cognitive
learning outcomes. Thus, the implementation of discovery-learning-based Student Worksheets
assisted by PhET Interactive Simulations is considered a relevant and effective alternative for
creating active, interactive, contextual, and student-centered physics learning.

Based on this background, the research questions are as follows: 1) How is the
implementation of discovery-learning-based Student Worksheets assisted by PhET Interactive
Simulations in learning? 2) Can the use of discovery-learning-based Student Worksheets assisted
by PhET Interactive Simulations increase students’ learning motivation? and 3) Can the use of
discovery-learning-based Student Worksheets assisted by PhET Interactive Simulations improve
students’ cognitive learning outcomes? In line with these questions, the objectives of this study
are to determine: 1) the implementation of discovery-learning-based Student Worksheets assisted
by PhET Interactive Simulations in the learning process; 2) the increase in students’ learning
motivation after using discovery-learning-based Student Worksheets assisted by PhET Interactive
Simulations; and 3) the increase in students’ cognitive learning outcomes after using discovery-

learning-based Student Worksheets assisted by PhET Interactive Simulations.

II. METHODS

This study employed a quasi-experimental, pretest-posttest nonequivalent control group
design to examine the effect of discovery-learning-based Student Worksheets integrated with
PhET Interactive Simulations on students’ learning motivation and cognitive learning outcomes
in physics. The study was conducted at Muhammadiyah Senior High School Jayapura in October
2025. A quasi-experimental design was considered appropriate because the existing classroom
structure did not allow the random assignment of participants.

The population consisted of 121 eleventh-grade students from three classes: VIII-A, VIII-
B, and VIII-C. The sample comprised 41 students selected through purposive sampling based on
classroom characteristics and the feasibility of implementing the treatment. The selected
participants were then assigned to the experimental and control groups according to the existing
class arrangement.

The research design applied in this study is presented in Table 1. As shown in the table,

both groups were given a pretest and a posttest, and only the experimental group received the
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intervention: discovery-learning-based Student Worksheets integrated with PhET Interactive

Simulations.
Table 1. Nonequivalent control group design
Cohort Pretest Intervention Posttest
Experiment O X 0O
Control 0Os - O4

This study involved one independent variable, namely the implementation of discovery-
learning-based Student Worksheets assisted by PhET Interactive Simulations, and two dependent
variables, namely students’ learning motivation and students’ cognitive learning outcomes.
Learning motivation was measured using a questionnaire covering four indicators: desire and
willingness to succeed, drive and need to learn, hopes and aspirations for the future, and
appreciation of learning. Cognitive learning outcomes were measured using a pretest-posttest
achievement test on direct current electricity. Supporting data were also obtained through
observation and documentation.

Before the intervention, the researcher prepared the lesson plans, developed discovery-
learning-based Student Worksheets integrated with PhET Interactive Simulations, and
constructed the research instruments. All instructional materials and research instruments were
subsequently validated by experts to ensure their relevance to the research objectives and their
suitability for classroom implementation.

The research procedure consisted of four stages: preparation, implementation, data
collection, and data analysis. In the preparation stage, a literature review was conducted to
establish the theoretical foundation of discovery learning, Student Worksheets, interactive
simulations, learning motivation, and cognitive learning outcomes. In the implementation stage,
the experimental group was taught using discovery-learning-based Student Worksheets integrated
with PhET Interactive Simulations, whereas the control group was taught using the worksheets
commonly used in the school. During the instructional process, students in the experimental group
were guided to explore concepts, identify problems, test ideas through simulations, and
independently formulate conclusions. The overall sequence of the research procedure is illustrated
in Figure 1.

In the data collection stage, students completed a pretest before the intervention and a
posttest afterward. They also completed the learning motivation questionnaire, and observational
and documentary evidence were collected to support the interpretation of the findings. The data
were analyzed quantitatively using SPSS version 16.0. Descriptive statistics were used to describe

students’ learning motivation and cognitive learning outcomes. Improvement in cognitive
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learning outcomes was determined using the normalized gain (N-gain) score, as expressed in
Equation (1).
posttest score — pretest score

9g=—= )
maximum score — pretest score

To facilitate the interpretation of the N-gain results, the classification criteria used in this
study are presented in Table 2.
Table 2. N-gain criteria

N-Gain Criteria
g>0.7 High
03<g<07 Medium
g <03 Low

In addition, an independent-samples t-test was used to identify differences between the
experimental and control groups, while MANOVA was employed to examine the simultaneous
effect of the intervention on both dependent variables. All statistical analyses were conducted at

a significance level of 0.05. A summary of the overall methodological procedure is presented in

Figure 1.

Data Analysis

SPSS version 16.0,
descriptive statistics,
normalized gain,
independent-samples t-
test, and MANOVA.

Procedure

Preparation,
implementation, data
collection, and data
analysis stages.

Instruments

Learning motivation
questionnaire, pretest-
posttest achievement
test, observation, and
documentation.

III. RESULTS

Quasi-experimental
design with pretest-
posttest nonequivalent
control group.

Participants

121 eleventh-grade
students, 41 selected
through purposive
sampling.

Variables

Independent variable:
discovery-learning
worksheets with PhET
simulations. Dependent
variables: learning
motivation and cognitive
learning outcomes.

Figure 1. Research methodology

The learning process took place over three meetings. The first meeting was used to

administer the pretest and the first learning motivation questionnaire; the second meeting for
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learning activities on direct current electricity; and the third meeting for administering the posttest
and the second learning motivation questionnaire. The research data obtained are presented as
follows.

The results of the independent-samples t-test, with class VIII-A as the control class and
class VIII-B as the experimental class, showed a significance value of 0.000 < 0.05. Therefore,
HO was rejected, and H1 was accepted. This result indicates a significant difference in learning
motivation between students who learned direct current electricity using Student Worksheets
assisted by PhET simulation and those who learned the same material using textbook-based
worksheets. The increases in each aspect of learning motivation in the control and experimental

classes are shown in Figure 1.
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Figure 1. Percentage of learning motivation in the control and experimental classes

Figure 1 presents the results of the analysis of students’ learning motivation in the control
and experimental classes based on four indicators measured before and after the treatment. The
treatment in the experimental class involved discovery-learning-based Student Worksheets
assisted by PhET Interactive Simulations.

For the first indicator, namely the desire and willingness to succeed, the percentage in the
control class increased from 66.9 to 72.3, while in the experimental class it increased from 70.0
to 76.3. For the second indicator, namely encouragement and need in learning, the control class

increased from 65.5 to 75.5, whereas the experimental class increased from 72.0 to 80.0. For the
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third indicator, namely hopes and aspirations for the future, the control class increased from 72.0
to 79.8, while the experimental class increased from 71.5 to 78.0. For the fourth indicator, namely
appreciation in learning, the control class increased from 69.0 to 78.0, while the experimental
class increased from 73.6 to 86.0.

These results clearly show that students’ motivation to learn increased after the
implementation of discovery-learning-based Student Worksheets assisted by PhET Interactive
Simulations. The increase was evident in both classes, but the experimental class showed higher
scores after treatment. This finding indicates that the use of these worksheets supported students
in experiencing a more meaningful, active, and student-centered learning process.

The increase in learning motivation may be attributed to the worksheets' characteristics and
the use of interactive simulations. The Student Worksheets were designed not merely as sets of
instructions but as guides for exploration, encouraging students to discover concepts through
inquiry activities. The discovery learning model emphasizes students’ active involvement in
observing phenomena, identifying problems, formulating hypotheses, conducting experiments,
and drawing conclusions. In this context, PhET functioned as an interactive medium that enabled
students to visualize and explore physical phenomena more easily.

Through discovery-learning-based Student Worksheets, students were guided to begin
learning by observing the initial phenomena presented in the PhET simulation. They were given
opportunities to explore the simulation freely, which stimulated their curiosity about the observed
phenomena. These observations then encouraged them to identify relevant scientific questions.
The worksheets helped students record and organize these questions systematically, thereby
supporting their thinking processes. Overall, the implementation of discovery-learning-based
worksheets assisted by PhET Interactive Simulations had a positive effect on the quality of
learning. Interactive simulations increased students’ interest and motivation, while the discovery
learning model promoted active engagement and higher-order thinking skills. Well-structured
worksheets also helped students remain focused during exploration without reducing
opportunities for independent learning. This combination made learning more effective,
particularly for abstract and conceptual physics topics. This finding is in line with Khaerunnisak
(2018), who stated that PhET facilitates the learning process for both teachers and students,
thereby enhancing student motivation.

The results of the data analysis also indicate a difference in students’ cognitive learning
outcomes between learning direct current electricity using Student Worksheets assisted by PhET
simulations and learning the same material using textbook-based Student Worksheets. This
difference is reflected in the improvement between pretest and posttest scores. In the experimental

class, the average score reached 80.35. This result is consistent with the findings of (Rusmawati,
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2017), which showed that learning assisted by virtual media such as PhET can improve students’
learning outcomes and conceptual understanding. Similar findings have also been reported by
(Andriani et al., 2021; Inayah & Masruroh, 2021; Sudirman et al., 2021).

In this study, learning was conducted through limited face-to-face and online learning.
Previous studies on the use of the discovery learning model in instruction, such as those by (Rizki
et al., 2023; Nurlina, 2019), have also shown that discovery learning is appropriate for physics
instruction. These findings support the view that discovery learning contributes positively to
student achievement. The percentage of N-gain scores in the control and experimental classes
varied across the high, medium, and low categories. The differences in these categories between

the two classes are shown in Figure 2.

Medium High

* Control class frequency * Experimen class frequency

Figure 2. Comparison of cognitive learning outcomes in the experimental and control classes

The learning outcomes of the experimental class were higher than those of the control class
because it used Student Worksheets integrated with PhET simulations. These worksheets included
features that supported students in conducting practical activities related to direct current
electricity, an abstract topic. This topic is often difficult to understand through explanation alone;
therefore, PhET simulations strongly supported the learning process. The simulations enabled
students to observe and manipulate key variables, such as current, resistance, and voltage, more
easily.

By contrast, conventional learning using textbook-based worksheets and simple practical
tools such as switches, batteries, and circuit boards could not be implemented optimally. Through
PhET simulation-based worksheets, students were able to conduct experiments more

independently and better understand how changes in variables affected the results (Rahayu &
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Erman, 2017). Similar studies on the use of PhET simulations have also been conducted by
(Yunzal & Casinillo, 2020; Khaeruddin & Bancong, 2022; Bahtiar et al., 2022; Susilawati &
Agustinasari, 2022). This finding is also in line with (Hajar et al., 2025), which reported that
student learning outcomes achieved through PhET simulations were better than those obtained
through conventional learning methods. Furthermore, the use of PhET simulations in learning
increased students’ enthusiasm and interest in practical activities, which in turn contributed to
better learning outcomes (Lestari, 2018).

Based on the MANOVA test, the significance value was 0.000 < 0.005; therefore, HO was
rejected, and H1 was accepted. This means that there was a significant difference between
learning direct current electricity using Student Worksheets assisted by PhET simulations and
learning using textbook-based worksheets in terms of both student motivation and learning
outcomes at Muhammadiyah Senior High School Jayapura. Learning assisted by PhET
simulations was shown to improve both students’ motivation and their cognitive learning
outcomes. This finding reinforces the statement of (Khaerunnisak, 2018) that the use of PhET
facilitates learning for teachers and students and thereby promotes learning motivation. This result
is also consistent with (Bahtiar & Azmar, 2022; Hajar et al., 2025), who stated that PhET
simulations can increase students’ enthusiasm and interest in practical activities, thereby

improving learning outcomes.

IV. DISCUSSION

Further analysis showed that the experimental class achieved higher average scores in both
learning motivation and cognitive learning outcomes than the control class. This finding indicates
a clear difference between physics learning with Student Worksheets assisted by PhET
simulations and with conventional Student Worksheets, particularly in student motivation and
learning outcomes. Learning motivation and learning outcomes are closely related, as students
with higher motivation tend to show better academic achievement. This finding is supported by
Hajar et al. (2024), who reported that the use of PhET simulations increases students' enthusiasm
and interest in practicum activities, enabling them to complete learning tasks more effectively.

The characteristics of Student Worksheets assisted by PhET simulations were shown to
help students understand abstract material on direct current electricity, particularly in limited or
distance-learning contexts (Nasir et al., 2021). Through these simulations, students can more
easily determine current and voltage values, which are often difficult to observe through
conventional practical work using batteries and simple circuit components. Thus, the use of PhET

simulations enables students to conduct experiments that allow them to manipulate key variables
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in direct-current materials (Rahayu & Erman, 2017). Although several obstacles were
encountered during the research process, the overall implementation of learning proceeded well.
The findings of this study indicate that implementing discovery-learning-based Student
Worksheets, assisted by PhET Interactive Simulations, can improve students’ motivation and
cognitive learning outcomes in physics. This result is consistent with previous research showing
that the use of PhET simulations can significantly improve students’ conceptual understanding
(Susilawati et al., 2022).

However, most previous studies have generally used PhET as a demonstration medium or
as a direct instructional aid in teacher-centered learning, where the teacher still plays the dominant
role in delivering concepts. In contrast, this study systematically integrated PhET into discovery-
learning-based Student Worksheets, enabling students to actively explore, formulate hypotheses,
and discover physics concepts independently through structured stages of learning. Compared
with studies on discovery learning without interactive simulations, this study demonstrates
additional advantages. Previous research has shown that discovery learning can improve
conceptual understanding and student engagement. Nevertheless, its implementation is often
constrained by limited time, laboratory facilities, and students’ ability to conduct real experiments
(Eveline et al., 2019). The integration of PhET in this study helps address these limitations by
providing a flexible, interactive, and accessible virtual experimental environment.

Furthermore, several previous studies have focused primarily on cognitive learning
outcomes, whereas the motivational aspect of learning has not been widely examined in tandem.
This study complements previous findings by showing that PhET-assisted discovery learning
affects not only students’ conceptual understanding but also their motivation to learn, an
important factor in sustaining success in physics learning (Sudirman & Qaddafi, 2023). Therefore,
this study extends previous findings by confirming that the combination of Student Worksheets,
discovery learning, and PhET Interactive Simulations has a more comprehensive impact on
learning than either PhET or discovery learning alone, particularly in the context of physics

instruction in schools with limited laboratory facilities.

V. CONCLUSION AND SUGGESTION

The implementation of discovery-learning-based student worksheets assisted by PhET
interactive simulations was effective in improving students’ learning motivation and cognitive
learning outcomes in physics at Muhammadiyah Senior High School Jayapura. The findings
showed that students in the experimental class achieved higher motivation scores and better

cognitive learning outcomes than those in the control class. These results indicate that integrating
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discovery learning, structured student worksheets, and PhET interactive simulations can support
a more active, meaningful, and student-centered learning process, particularly for learning direct
current electricity.

This study was limited by its relatively small sample size, its implementation in only one
school, and its focus on a single physics topic, which may restrict the generalizability of the
findings. In addition, the study examined only learning motivation and cognitive learning
outcomes, without addressing other important variables such as critical thinking, problem-solving
skills, science process skills, or scientific literacy. Future research is therefore recommended to
involve larger and more diverse samples, apply this approach to other physics topics, and examine
a wider range of learning variables using more varied research designs. Despite these limitations,
this study contributes to the field of physics education by providing empirical evidence that
integrating discovery-learning-based Student Worksheets with PhET Interactive Simulations can
be an effective approach to improving both motivation and cognitive achievement, especially in

schools with limited laboratory facilities.
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