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ARTICLE INFO ABSTRACT

This research is motivated by the main gap in physics learning,
namely the lack of experimental activities due to limited
laboratory facilities and the lack of systematic integration
o between PhET simulations and inquiry-based teaching tools.
Limited-Laboratory Contexts; . . . .
. . Although various studies have shown the effectiveness of virtual
PhET Simulation; R ) )
Student Worksheet (LKPD) laboratories in improving conceptual understanding, there are
still few studies that have developed structured digital LKPDs
using the ADDIE model and empirically assess its impact on
students' scientific attitudes. This research uses a Research and
Development (R&D) design based on the ADDIE model which
includes the analysis, design, development, and implementation
stages. The effectiveness test was carried out using a one-group
pretest—posttest design on 35 students in grade XI. Expert
validation data was analyzed using a percentage of eligibility,
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while the improvement in students' scientific attitude was
analyzed with descriptive statistics and N-Gain calculations to
measure the relative improvement before and after treatment.
The results showed that LKPD obtained the feasibility of 80.4% of
material experts and 82.5% of media experts, both in the feasible
category. The implementation of PhET-based LKPD resulted in
an increase in scientific attitudes with an N-Gain value of 0.43
(medium category), indicating moderate effectiveness in
facilitating virtual inquiry activities. Theoretically, this study
contributes in the form of an integration model between digital
LKPD, PhET simulation, and inquiry frameworks that can be
replicated in the context of laboratory limitations. Practically, this
product can be an innovative alternative teaching tool for physics
teachers to support inquiry-based learning in limited facilities.
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1. INTRODUCTION

The development of digital technology in the 21st century has brought significant changes in the
learning system in schools, including in physics learning. This rapid development requires the world
of education to integrate technology in every learning process so that learning becomes more
meaningful. According to Muruganantham (2019) abad 21 ditandai dengan berkembangnya informasi,
teknologi, dan tuntutan kompetensi baru bagi peserta didik. Di sisi lain, pembelajaran fisika masih
sering dianggap sulit karena dominasi metode ceramah dan minimnya penggunaan media interaktif.
Masalah tersebut menunjukkan adanya kesenjangan antara tuntutan pembelajaran abad 21 dengan
praktik pembelajaran di kelas. Gap ini semakin terlihat ketika siswa kurang terlibat aktif dalam proses
memahami konsep fisika yang bersifat abstrak. Mengatasi masalah tersebut, diperlukan alternatif
solusi berupa perangkat ajar yang mampu menghadirkan pengalaman belajar lebih interaktif. Salah
satu pendekatan yang dapat digunakan adalah pengembangan LKPD berbasis teknologi. Oleh karena
itu, penelitian ini memfokuskan diri pada pengembangan LKPD menggunakan simulasi PhET untuk
meningkatkan sikap ilmiah siswa.

The 21st century is marked by the development of information, technology, and new competency
demands for students. On the other hand, learning physics is still often considered difficult due to the
dominance of lecture methods and the lack of use of interactive media. This problem shows that there
is a gap between the demands of 21st century learning and the practice of learning in the classroom.
This gap is increasingly visible when students are less actively involved in the process of understanding
abstract physics concepts. To overcome this problem, an alternative solution is needed in the form of a
teaching device that is able to provide a more interactive learning experience. One approach that can
be used is the development of technology-based LKPD. Therefore, this study focuses on the
development of LKPD using PhET simulations to improve students' scientific attitudes. Learning
physics on the topic of parabolic motion requires a strong conceptual understanding and the ability to
visualize two-dimensional motion phenomena. However, in reality many students have difficulty
understanding concepts due to the absence of adequate exploration media. According to Jiménez et al.
(2024) understanding the concept of science requires the support of scientific activities that can spark
curiosity and opportunities for experimentation. The main problem arises when the school does not
have adequate laboratories or well-functioning practicum tools. The gap then appears in the mismatch
between the needs of experiment-based learning and limited educational facilities. An alternative
solution that can bridge this gap is the use of virtual laboratories such as PhET simulations which have
been proven to help visualize science concepts. Previous research by Kurnia & Assidik (2025) proves
that technology-based interactive LKPD can improve the quality of learning. The novelty of this
research lies in the application of PhET simulation in an integrated manner in electronic LKPD on
parabolic motion material. The ultimate goal is to improve students' scientific attitudes through a more
active learning experience.

Scientific attitudes are an important aspect of physics learning because they reflect students'
scientific behavior in solving problems. According to Litman et al. (2017) scientific attitudes include
curiosity, open-mindedness, perseverance, and the ability to express opinions critically. However, early
observations show that students do not show a scientific attitude in physics learning activities because
learning is still passive. This problem is exacerbated by the lack of exploration that allows students to
carry out investigative activities. The gap between the demands of learning based on scientific attitudes
and conventional learning practices needs to be overcome immediately. An alternative solution is to
present an interactive LKPD that facilitates inquiry activities through simulation. Previous research by
Jenson & Droumeva (2016) stating that the use of electronic media can improve students' science skills.
The novelty of this study is the development of an electronic LKPD that not only presents material, but
also guides the steps of virtual experiments that give rise to students' scientific attitudes. The purpose
of the research is to create an effective LKPD in improving scientific attitudes on parabolic motion
materials.
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(Fatonah et al., 2024; Manassero-Mas et al., 2022). (Chengere et al., 2025; Fitzgerald et al., 2019).
(Batuyong & Antonio, 2018; Dy et al., 2024). (Eveline et al., 2019). However, most research places PhET
as an auxiliary medium, not as a core component in a structured teaching tool. There have not been
many studies that integrate PhET into digital LKPD designed based on the ADDIE model and
combined with guided inquiry measures to cultivate students' scientific attitudes systematically. This
gap shows the need to develop learning tools that not only present simulations, but also redesign
learning experiences into directed investigative activities.

This study developed a PhET simulation-based LKPD using the ADDIE model that integrates
explicit investigative steps such as variable identification, parameter manipulation, data interpretation,
and conclusion drawn. This approach not only provides an alternative practicum in limited laboratory
conditions, but also offers a theoretical contribution in the form of an integrative model that links
inquiry-based virtual experimentation with the development of scientific attitudes in physics education.
Thus, this research not only produces a viable teaching tool, but also provides a conceptual framework
that can be replicated and developed in other physics learning contexts. Practically, this LKPD has the
potential to strengthen investigation-based learning without relying on the existence of a physical
laboratory.

PhET simulation is a virtual learning medium that provides an experimental experience based on
scientific visualization. PhET is developed through research and evaluation so that it can be used
effectively in science learning (Ngadinem, 2019). Problems arise when this media has not been
integrated with teaching tools such as LKPD systematically. Gap is also seen in learning practices that
are already familiar with PhET but have not yet integrated exploration activities with comprehensive
study guides. An alternative solution is to develop a structured LKPD to guide students in using PhET
simulations so that the investigative process runs optimally. Previous research has shown the
effectiveness of PhET in improving understanding of concepts, but there has been little study of its
effect on scientific attitudes. The novelty of this research places PhET as the main part of the exploration
process in LKPD oriented to scientific attitudes. This state of the art study shows the development of
interactive digital learning resources as an urgent need in modern physics education. The purpose of
this research is to produce a feasible and effective PhET-based LKPD to improve students' scientific
attitudes.

In the context of the development of teaching materials, LKPD has an important function as a
medium that guides students to carry out learning activities in a structured manner. LKPD is designed
to guide students through systematic learning steps (Simanullang et al., 2022). However, most LKPDs
in schools are still print and do not support intensive interaction between students and the concepts
being learned. This problem creates a gap between the needs of digital learning and traditional teaching
media. The appropriate solution is the transformation of LKPD into an electronic format that is more
interactive and accessible through digital devices. Previous research has proven that electronic LKPDs
are more attractive and effective than printed LKPD. The novelty of this research is the integration of
electronic LKPD with PhET simulation that allows experiment-based learning without the limitations
of laboratory facilities. The urgency of this research arises from the urgent need for more innovative
physics learning. The purpose of the research is to develop a digital LKPD that supports students'
scientific understanding and attitudes.

Technology-based learning requires a systematic design approach so that learning products are
truly of high quality. Model ADDIE Ebrahimi et al. (2025) is a comprehensive development model for
building learning media. Problems arise when many teachers do not have the skills or time to design
digital LKPDs that meet eligibility standards. This gap results in digital teaching tools that are
unstructured or less in accordance with learning objectives. The solution needed is the LKPD
development process which follows the stages of analysis, design, development, implementation, and
evaluation. Previous research has shown that ADDIE-based learning designs are able to produce high-
quality learning media. The novelty of this research lies in the implementation of the ADDIE model
specifically for the development of LKPD PhET on parabolic motion materials. The urgency is to
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provide teaching tools that are not only interactive but also validated. The purpose of the research is to
produce a PhET LKPD that meets material, media, and effectiveness standards.

Mastery of the concept of parabolic motion is an important competency in physics learning at the
high school level. However, the difficulty of understanding the mathematical aspects and visualization
of motion causes students to be less able to relate concepts to real phenomena. This problem causes low
motivation and scientific attitude of students in studying physics. Gaps are found in learning that is
supposed to be experiment-based but runs without scientific activity. An alternative solution is the use
of PhET simulations that allow the interactive exploration of parabolic motion phenomena. Previous
research has revealed that PhET simulations can improve understanding of physics concepts, as shown
in various science education RnD studies. The novelty of this research is the use of PhET not only as an
auxiliary medium, but as a core component of scientific activities in LKPD. State of the art shows that
the integration of simulative technology in LKPD is the latest trend in science learning. The purpose of
this research is to improve students' scientific attitudes through LKPD PhET-assisted learning.

Students' scientific attitudes need to be developed so that physics learning not only produces an
understanding of concepts, but also scientific behaviors that describe 21st century competencies.
According to Amidi et al. (2025) and Lau (2018) Technology literacy is an important ability to face the
challenges of the digital era. However, physics learning still rarely facilitates digital interactions that
allow for free exploration and scientific decision-making. Gaps arise when learning demands a
scientific attitude, but does not provide the means to develop it. An alternative solution is to use
interactive LKPDs that encourage students to conduct virtual experiments and data processing.
Previous research has shown that the digital environment can improve students' critical thinking
activities and scientific attitudes (Adair & Jaeger, 2016; Maharani et al., 2019). The novelty in this study
is the development of LKPD which is explicitly designed to give rise to scientific behavior through the
use of simulation media. The urgency of this research lies in improving the quality of technology-based
learning. The purpose of the study was to analyze the effectiveness of LKPD in improving scientific
attitudes.

In the context of modern education, digital teaching tools have become the main need to support
distance and face-to-face learning. However, many digital teaching tools have not gone through the
due diligence process by material and media experts. This problem causes the quality of learning to be
inconsistent and less measurable. The gap is also seen in the lack of research focusing on improving
scientific attitudes through interactive digital devices. An alternative solution is to develop an LKPD
that is validated by experts before it is implemented to students. Previous research proves the
importance of the validation process in ensuring the effectiveness of teaching tools (Duvekot, 2017;
Nemec et al., 2018). The novelty of this research lies in the combination of a comprehensive validation
process with direct implementation in parabolic motion learning. State of the art shows that the
evaluation of the feasibility of digital devices is an important step in the development of learning media.
The purpose of the research is to produce LKPD that is materially and media-feasible and effective in
learning.

Looking at the various physics learning problems that have been described, research on the
development of LKPD based on PhET simulations has become very relevant in the current context of
science education. This teaching tool is expected to be able to help students understand the concept of
parabolic motion in a more visual and interactive way. The dominant problems that arise in physics
learning such as the lack of practicum and low scientific attitude can be overcome through an
exploration-based digital approach. The gap between the demands of 21st century learning and
traditional learning practices is a strong reason for the need for teaching media innovation. The solution
proposed through this study is the development of an interactive LKPD that integrates virtual
experiments. Previous research has been an important cornerstone in the development of digital
teaching tools, but has not specifically examined the LKPD PhET to improve scientific attitudes. The
novelty of this research ensures that LKPD not only functions as a learning guide but also as a spark
for students' scientific activities. The urgency of this research lies in the need to improve the quality of
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physics learning. The main objective of the study is to develop, validate, and test the effectiveness of
PhET simulation-based LKPD on students' scientific attitudes.

2. METHOD

Research Design

This research uses Research and Development (R&D) design by adapting the ADDIE model which
consists of five stages, namely Analysis, Design, Development, Implementation, and Evaluation. This model
was chosen because it can provide a systematic and structured development flow in creating quality
learning products. According to Spatioti et al. (2022) the ADDIE model is an effective instructional
development framework because it provides mutually integrated analytical to evaluative stages. The
use of the ADDIE model in this study aims to produce a feasible, interesting, and feasible PhET
simulation-based LKPD. ADDIE's working pattern also allows validation at every stage so that the
potential for design errors can be minimized. Therefore, this model is considered appropriate to ensure
that the teaching tools developed are in accordance with the objectives of science education. Overall,
the design of this study is directed to develop an interactive LKPD that is able to improve students'
scientific attitudes.

Analysis Stage

The analysis stage begins with identifying the needs of physics learning in parabolic motion
materials through classroom observation and interviews with physics teachers. Needs analysis is an
important first step in the development of learning media to ensure that the products developed are
relevant and on target (Fitrianawati, 2018). Context analysis shows that learning is still dominated by
lecture methods, minimal experimental activities, and limited laboratory facilities. These findings
confirm the need for interactive teaching tools that are able to support students' scientific activities. In
addition, the needs of 21st century competencies such as technological literacy, critical thinking, and
investigative skills are also the basis for the design of electronic LKPDs. Curriculum analysis is carried
out to ensure that the material developed is consistent with the applicable Basic Competencies. Thus,
the analysis stage ensures that PhET-based LKPD truly addresses the gap between learning needs and
conditions.

Design Stage

The design stage is carried out by designing the structure of the LKPD which includes learning
objectives, instructions for using the PhET simulation, virtual experiment steps, student worksheets,
and evaluation sections. The design stage must pay attention to the alignment between objectives,
materials, learning activities, and assessments so that learning instruments are used effectively (Agbo
et al., 2021; Ali et al., 2021). At this stage, research instruments were also prepared which included
material expert validation sheets, media expert validation sheets, scientific attitude observation sheets,
and pretest-posttest instruments. The LKPD design is made digitally based using an interactive
platform to make it easier for students to conduct virtual experiments. In addition, the design of the
material is adjusted to the characteristics of the students so that it is easy to use and does not cause
excessive cognitive load. The preparation of the LKPD design also pays attention to the principles of
visual pedagogy so that display and interaction can increase learning motivation. This stage ensures
that the LKPD is ready to be developed in the next stage.

Development Stage

The development stage was carried out by realizing the initial design of LKPD into a digital
product assisted by PhET simulation. The development stage involves product creation as well as a
validation process by experts to ensure the quality and feasibility of teaching materials (Adams et al.,
2017). The LKPD product that has been developed is then validated by five experts consisting of
physical material experts and learning media experts. Validation includes aspects of content,
presentation, readability, display, and suitability with learning objectives. Comments and suggestions
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from experts are used as a basis for revisions to make the product more perfect before being tested to
students. In addition, the feasibility of the LKPD was assessed using the Likert scale to obtain a
quantitative score that described its level of eligibility. At this stage, the quality of LKPD is ensured to
meet pedagogical, technological, and aesthetic standards.

Implementation Stage

The implementation stage was carried out by testing LKPD on high school grade XI students who
were the subject of the research. Implementation aims to assess the effectiveness of the product when
used directly in the learning process (Chen & Wu, 2024). The implementation process began with the
provision of a pretest to measure initial ability, followed by the use of PhET-based LKPD in virtual
practicum activities. During the lesson, five observers observed the students' scientific attitude using
validated observation sheets. The use of PhET simulations in LKPD allows students to explore,
manipulate variables, and draw conclusions scientifically so that they reflect the scientific process. After
the learning is completed, students are given a posttest to measure the improvement in scientific
understanding and attitude. The data obtained was used to determine the effectiveness of LKPD in
improving students' scientific attitudes.

Data Analysis Techniques

Data analysis was carried out quantitatively and qualitatively. Expert validation data is analyzed
using the feasibility percentage as described Chin et al. (2015) to determine the product's eligibility
category. Scientific attitude observation data and pretest-posttest results were analyzed using N-Gain
calculation to determine the improvement of students' abilities. Gain calculation is an effective
technique to measure comparative improvement in learning outcomes before and after treatment
(Chessa et al., 2022). Qualitative data in the form of expert comments and class observations were
analyzed using data reduction techniques to find patterns and important information. The analysis was
carried out triangulatively to ensure the validity of the research findings. With the use of
comprehensive analysis, the results of the study can accurately describe the feasibility and effectiveness
of PhET-based LKPDs.

Instrument Validity

This research pays attention to the ethical aspect by asking for the consent of teachers and students
before implementation. According to Dooly et al. (2017) research ethics are necessary to ensure that
participants engage voluntarily and are not harmed. The validity of the instrument is obtained through
expert judgment which ensures that the instrument actually measures the intended aspect. Reliability is
obtained by assessing the consistency of the observers' assessments in observing students' scientific
attitudes. This procedure ensures the integrity of the data and provides scientific validity to the research
results. Thus, all research procedures are carried out professionally and in accordance with educational
research standards.

Research Design
This study used a quasi-experimental design in the form of Non-Equivalent Control Group
Design, which involved two classes with initial abilities that were not completely equivalent. This
design was chosen because the researcher did not have the ability to perform a full class randomization.
Both groups learned about parabolic motion material, but with different treatments:
1. The experimental class uses a simulation-based LKPD PhET developed through the ADDIE model
and integrated explicit inquiry steps.
2. The control class uses the conventional LKPD that teachers usually use.
The research design can be described as follows:

Groups Pretest Treatment Posttest
Eksperimen Oy X (PhET-Inquiry LKPD) O,
Control O, C (LKPD Konvensional) O,
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Pretest is given to determine initial ability and as a covariate in inferential analysis. Posttest is used
to measure the effect of treatment on students' scientific attitudes.

Research Subject

The subjects of the study were two XI classes at one of the high schools in Madiun Regency which
were selected using purposive sampling techniques based on curriculum equity, availability of ICT
devices, and similar learning schedules. Class XI-5 was designated as an experimental class (n = 35),
while class XI-4 was designated as a control class (n = 33). All students participated in pretest activities,
learning treatments, and posttests.

Research Instruments
1. The Scientific Attitude Observation Sheet includes indicators of curiosity, accuracy, open-
mindedness, perseverance, and questioning skills.
2. Scientific Attitude Test (pretest—posttest) with a Likert scale that has been validated by material
experts and educational evaluation experts.
3. PhET-based LKPD for the experimental group and conventional LKPD for the control group.
The instrument was validated by three experts and revised based on input, then tested for
reliability using Cronbach's Alpha.

Research Procedure
1. Preparation Stage: instrument validation and orientation of experimental and control classes.
2. Pretest: both of them do an initial scientific attitude test to find out their abilities and initial attitudes.
3. Treatment:
a. The experimental class learned using LKPD PhET-Inquiry, manipulating variables in
simulation, exploring phenomena, and drawing conclusions based on virtual data.
b. The learning control class uses conventional LKPD based on lectures and practice questions.
4. Posttest: both classes work on the final test of scientific attitude.
5. Data analysis: using descriptive and inferential statistics.

Data Analysis Techniques
1. Descriptive Analysis
Includes mean scores, standard deviations, and percentage gain (N-Gain) in both groups.
2. Inferential Analysis
Two inferential statistical techniques are used:
a. Independent T-Test
It was used to determine the difference in the average posttest score between the experimental
group and the control group.
Hipotesis:
1. Ho: there was no significant difference between the posttest scores of the experimental and
control groups.
2. Hu: there is a significant difference between the two groups.

@

Decision criteria: p< value of 0.05 indicates a significant difference.
4. The assumption test used: the normality test (Kolmogorov-Smirnov) and the homogeneity
test (Levene Test).
b. ANCOVA (Analysis of Covariance)
ANCOVA was used to analyze the effects of treatment by controlling for pretest scores as
covariates to eliminate the bias of differences in initial ability.
1.  Covariate: scientific attitude pretest score.
2. Independent variables: type of treatment (PhET-LKPD vs. conventional LKPD).
3. Bound variables: scientific attitude posttest scores.
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Decision-making criteria:
a. If the p-value <0.05 — the treatment has a significant effect.
b. Effect size (effect size, e.g. partial eta squared) is calculated to see the strength of the effect.

3. FINDINGS AND DISCUSSION

Findings

This research has produced a teaching tool in the form of a PhET simulation-based LKPD on
parabolic motion materials through the development stages of the ADDIE model which includes
analysis, design, development, and implementation. The research process is carried out to answer the
needs of physics learning which has been dominated by lecture methods and minimal experimentation.
The initial findings of the analysis stage show that laboratory facilities in schools are inadequate, so
practicum learning is rarely carried out. This condition has an impact on the low scientific activity of
students because they only memorize formulas without understanding the scientific process. In
addition, students perceive physics as a difficult subject and less relevant to daily life. Thus, innovative
learning tools are needed that allow students to conduct experiments even without a physical
laboratory. The PhET simulation-based LKPD was developed as a solution to overcome these obstacles.

At the needs analysis stage, information was obtained that teachers tended to use simple lecture,
demonstration, and experiment methods, but these experiments were not optimal due to the limitations
of tools. Interviews and observations revealed that most students had difficulty understanding
parabolic motion because they could not see the phenomenon directly. In addition, monotonous
learning causes students to get bored quickly and less engaged in classroom activities. As a result,
students' scientific attitudes such as curiosity, activeness in questioning, and critical thinking have not
developed optimally. This situation is the basis for the development of interactive simulation-based
LKPD that is able to provide a more realistic virtual experiment experience. The results of this analysis
reinforce the need for media that is able to revive science inquiry activities in physics learning.

The design stage produces a digital LKPD design which is compiled using the Liveworksheet
platform, consisting of an introduction, material, learning objectives, experimental steps, and final
project. Each component is designed to support inquiry activities through student interaction with
PhET simulations. In addition, research instruments such as expert validation sheets, scientific attitude
observation sheets, and pre-test questions are also prepared at this stage. The purpose of the structured
design is to ensure that LKPD is able to guide students through virtual experimentation activities in a
systematic manner. The design of the LKPD is also made with an attractive appearance to increase
student learning motivation. Thus, the design stage serves as an important foundation for creating
quality LKPDs before entering the development stage.

At the development stage, the LKPD and research instruments were validated by five experts
consisting of material experts and media experts. Material validation is carried out to assess the
suitability of the content with competence, accuracy of concepts, and quality of presentation. The
validation results showed a feasibility value of 80.4%, which is included in the "Feasible" category.
Media validation was also carried out to assess the aspects, appearance, interactivity, and accessibility
of digital LKPD. The average value of media validation reached 82.5% so it was categorized as "Very
Feasible". However, some validators noted that access to online delivery of work needs to be clarified
because it depends on the internet network. Overall, the development stage produces LKPD that is
suitable for use as a simulation-based learning tool.

Table 1. Expert Validation Results
Validation Type Average (%) Category
Material Expert 80,4 Worthy
Media Member 82,5 Highly Worth It
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After validation, LKPD was implemented in students in grades XI-5 consisting of 35 students. At
the beginning of the meeting, students do a pretest to find out their initial abilities regarding scientific
attitudes and understanding related to experiments. Furthermore, students were divided into five
groups and conducted a virtual practicum using PhET-based LKPD. During the activity, five observers
observed students' scientific attitudes based on eight indicators that included curiosity, thoroughness,
courage to ask questions, problem-solving skills, and perseverance in following experimental
procedures. The use of PhET simulations allows students to set parabolic motion variables such as
initial speed and launch angle independently. This activity helps increase students' activeness in
conducting scientific exploration.

After the practicum activities are completed, students do posttests to find out the improvement of
learning outcomes and scientific attitudes. Pretest and posttest data were analyzed using the N-Gain
formula to see the effectiveness of LKPD in improving scientific attitudes. The results of the analysis
showed that the average pretest score was 63 and the average posttest increased to 79. The calculation
of N-Gain yields a value of 0.43, which belongs to the medium category. These findings show that the
use of PhET simulation-based LKPD is quite effective in improving students' scientific attitudes. In
addition, most students show higher interest when using virtual practicum compared to conventional
learning.

Table 2. Pretest, Posttest, and N-Gain Results
Indicator Pretest Value Posttest Value N-Gain Category
Average Scientific Attitude 63 79 0,43 Medium

The increase in scientific attitudes that occurred during implementation can be observed through
changes in student behavior during practicum. Students seemed to be more courageous in asking
questions, more thorough in arranging simulation variables, and more diligent in evaluating the results
of the experiment. This activity shows that PhET simulations are able to facilitate inquiry-based
learning that was previously difficult to do due to the limitations of laboratory tools. The use of LKPD
also makes students more directed in carrying out experiments, because the activity steps have been
systematically arranged. Thus, the PhET-based LKPD contributes positively to the increase of scientific
activities and student involvement in physics learning. This supports the findings of previous research
that simulated media are able to improve science process skills.

The results of the study show that the LKPD based on the PhET simulation is feasible and effective
in improving students' scientific attitudes on parabolic motion materials. Expert validation provides a
feasible to very feasible category, which shows the quality of the teaching material from the content
and media aspects. Implementation in the classroom proves that LKPD helps create more interactive
and meaningful learning. The increase in N-Gain is signaling that the use of virtual simulations can
overcome the limitations of physical laboratories. In addition, students feel more enthusiastic when
conducting virtual experiments compared to conventional learning. Thus, the development of PhET-
based LKPD is recommended to be applied in physics learning in other classrooms. Follow-up research
can expand the scope of the material and test its effectiveness on other learning variables.

Discussion

The results of the research at the analysis stage show that physics learning, especially parabolic
motion materials, is still dominated by limited lecture and demonstration methods. The lack of
laboratory facilities makes practicum activities rarely carried out so that students do not gain adequate
investigative experience. This condition is in line with the findings that explain that the scientific
attitude will not develop without exploratory activities that allow students to observe scientific
phenomena first-hand (Grinnell, 2019; Waddington, 2017). The reliance on memorizing formulas
without experiments results in low motivation and scientific attitudes of students (Lin-Siegler et al.,
2016; Hacieminoglu, 2016). Therefore, teaching tools that support experimental simulation are an
urgent need. The needs analysis shows that the main gap lies in the lack of access to interactive learning
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media that allows for virtual experimentation. This is relevant to the demands of 21st century learning
that encourage the use of technology to improve the quality of learning processes and outcomes.

The use of PhET as the basis for the development of LKPD has proven to be a relevant solution to
overcome the limitations of physical laboratories. The PhET provides research-based simulations that
allow students to manipulate variables and observe scientific phenomena interactively. Digital LKPD
supported by technology visualization can improve students' understanding of concepts and
participation (Rahmayani & Atmazaki, 2025; Ahmed, 2024). At the design stage, the LKPD is designed
to provide structured experimental steps so that students can follow the scientific process
systematically. The integration of LKPD with PhET supports the inquiry process because students can
observe changes as a result of the manipulation of variables in the simulation. Thus, PhET-based LKPD
is not only an auxiliary medium, but also a teaching tool that is able to facilitate experiment-based
learning even without a real laboratory.

The validation results by material experts and media experts gave the category of Decent to Very
Feasible, showing that the product meets the standards of content, appearance, and usability. The
material expert's validation score of 80.4% showed that the content of the LKPD was in accordance with
the basic competencies and correct concepts of parabolic motion. Meanwhile, the media expert score of
82.5% reflects the visual quality, navigation, and interactivity of LKPD that meets the standards of
digital teaching tools. Although there are still records related to internet access in the delivery of
practicum results, these problems do not affect the pedagogical quality of LKPD. Strong expert
validation shows that the PhET-based LKPD has been designed according to modern learning design
principles, which are aligned between objectives, learning activities, and assessments (Rahmayani &
Atmazaki, 2025; Yusuf & Sodik, 2023).

The implementation of LKPD shows that students can follow the steps of virtual experimentation
independently and in a directed manner. Observations during the practicum revealed that students
were more active in discussing, trying to vary the angle and speed of the launch, and recording the
results of observations carefully (Assem et al., 2023; Sandika & Fitrihidajati, 2018). This activity reflects
an increase in indicators of scientific attitudes such as curiosity, thoroughness, and courage to formulate
questions. This phenomenon is in line with the view that inquiry-based learning can encourage
students to think critically and actively explore phenomena (Bell & Loon, 2015; Birgili, 2015; Dileklii,
2017). The use of the PhET also allows students to repeat experiments indefinitely, giving them the
opportunity to practice the scientific process in more depth. Thus, LKPD plays a significant role in
creating scientific process-oriented learning that has not been fulfilled in conventional learning.

The results of the pretest and posttest showed an increase in scientific attitude with an N-Gain
value of 0.43 in the Medium category. This score shows that the use of PhET-based LKPD has a
moderate impact on the development of students' scientific attitudes. Medium category reflects
significant learning improvements but can still be optimized (Agbo et al., 2021; Akavova et al., 2023).
This achievement was reinforced by observational findings that most students exhibited positive
scientific behaviors during virtual practicums. This improvement shows that hands-on experience in
manipulating variables and observing phenomena through simulation can encourage students to think
like scientists. However, the improvement is not in the high category because some students still need
intensive guidance in understanding the experimental steps. This shows that the effectiveness of LKPD
can be increased through mentoring and strengthening scaffolding in the learning process (Puspita Sari
et al., 2022).

The results of this study are consistent with the findings of previous research which stated that
simulative media can improve students' science process skills and scientific attitudes. Interactive
electronic media is able to significantly improve the generic skills of science (Magdalena et al., 2021).
The study also reinforces the findings Bull et al. (2020) which emphasizes the importance of digital
LKPD in improving understanding of concepts. Thus, this research contributes to the literature on the
effectiveness of technology-based learning in physics education. The novelty of this research lies in the
integration of PhET into digital LKPD which is systematically designed with the ADDIE model to
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improve scientific attitudes, not just concept understanding. This contribution enriches the state of the
art in the development of digital teaching tools, especially in the context of limited laboratory facilities.

The findings of this study provide important implications for teachers, schools, and learning
media developers. Teachers can utilize PhET-based LKPD as an alternative to practicum when the
laboratory is unavailable or the equipment is damaged (Muliani et al., 2022; Usmeldi & Amini, 2021).
Schools can also integrate these digital teaching tools in ICT-based learning programs as a form of
adaptation to 21st century learning. In addition, this research opens up opportunities for the
development of digital LKPD in other physics materials that require visualization and experimentation.
Further research is suggested to expand the scope of the sample, use more robust experimental designs,
as well as evaluate the influence of LKPD not only on scientific attitudes but also on scientific process
skills and concept understanding. Thus, this research is the basis for the development of innovative
learning media that is broader and more sustainable.

Inferential Statistical Test Results
a. Independent T-Test
Independent samples analysis of the t-test was used to determine whether there was a significant
difference between the scientific attitude posttest score in the experimental class and the control class.
The results showed that the t-calculated value was greater than the t-table and p < 0.05, so there was a
significant difference between the two groups. Students in the experimental class showed higher final
scores than the control group. These results show that the use of PhET-based LKPD has a significant
effect on improving students' scientific attitudes compared to conventional learning.
b. ANCOVA Analysis
To ensure that these differences are not affected by initial ability, ANCOVA is carried out with a
pretest score as a covariate. ANCOVA's results show that:
e F(1, 65) is significant at p < 0.05,
¢ so that the treatment of LKPD PhET has a significant effect after controlling the initial ability.
Partial eta squared shows a moderate magnitude of influence (n? = 0.18-0.32) according to the
standard (Fatma Hilal et al., 2024) showed that about 18-32% variation in posttest scores was explained
by treatment.

Effect Size

The calculation of the effect size using Cohen's d on the posttest score yielded a d value = 0.55,
which is in the medium effect size category. This finding is consistent with the N-Gain value which is
also in the medium category (0.43).

This shows that although PhET-based LKPD provides a meaningful improvement, the increase
has not reached a high level.

Critical Analysis and Discussion
1. Students' adaptation to the PhET simulation takes time
Some students are not used to manipulating variables independently in digital simulations. The
exploration process requires enough orientation and practice (Sun et al., 2022). When previous
experience is minimal, optimal effectiveness has not yet emerged.
2. The inquiry structure is still a new process for some students
The guided inquiry model requires students:
o Identify variables,
e Ask questions,
¢ Conducting virtual experiments,
¢ Interpret data.
Previous research has shown that students who are accustomed to passive learning need multiple
cycles to achieve optimal scientific performance (Lang, 2021).
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1. Limited learning time

Virtual practice sessions in LKPD PhET require longer exploration time than traditional learning.
Scientific attitudes such as thoroughness, tenacity, and questioning skills develop gradually (Hurajova
& Hladikova, 2022). One or two practice sessions are not enough to produce a major improvement.
2. Data interpretation ability is still low

Scientific attitudes are not only about behavior, but include the ability to read graphs, connect
variables, and draw evidence-based conclusions. Previous research has found that the analytical skills
of Indonesian students in the context of science are still relatively low (Irwanto et al., 2017).
3. Social interaction in virtual learning is limited

Observations show that some groups still rely on one student as the simulation operator, so not
all students are actively involved. In fact, active involvement is the key to the growth of scientific attitudes
(Vlachopoulos & Makri, 2017).

Critical Analysis of the Effectiveness of PhET-Based LKPD
The findings of the statistical test showed that the PhET-Inquiry-based LKPD had a significant
influence on improving students' scientific attitudes, but remained in the medium category. This shows
that:
1. Simulation media is effective as an alternative to laboratories, especially in schools with limited
facilities.
2. The integration of explicit inquiry helps stimulate scientific behavior, but it requires scaffolding
habituation and mentoring.
3. Technology does not necessarily improve scientific attitudes, but rather requires proper pedagogical
design.
4. Changing scientific attitudes is a long-term process, so short-term interventions produce moderate
effects.
Thus, moderate effectiveness is not a shortcoming, but rather reflects the characteristics of the
science learning process that require repeated investigative experience.

4. CONCLUSION

Based on the results of the study, it can be concluded that the development of LKPD based on
PhET simulations on parabolic motion materials has succeeded in producing digital teaching tools that
are feasible and relevant to support physics learning. The development process using the ADDIE model
has been proven to be able to produce LKPD that is structured, systematic, and according to the needs
of learning in the classroom. The results of the validation of the subject matter experts showed a
feasibility percentage of 80.4% with the category "Feasible", which indicates that the content of the
LKPD has met the concept and curriculum standards. The validation of media experts which reached
82.5% in the "Very Feasible" category reinforces that the display, navigation, and interactivity of LKPD
have met the criteria for quality digital teaching tools. The implementation of LKPD in grade XI
students resulted in an increase in scientific attitudes with an N-Gain value of 0.43 which is included
in the medium category. This improvement shows that virtual experiment activities through PhET
simulations are able to provide a more meaningful scientific experience for students. Overall, PhET-
based LKPD is recommended as an alternative learning medium to improve scientific attitudes in
physics learning, especially in conditions of limited laboratory facilities. Further research is expected to
expand the development of PhET simulation-based LKPD on other physics materials to evaluate its
effectiveness on science process skills and concept understanding more comprehensively. In addition,
advanced research can use more robust experimental designs and larger samples to obtain broader and
valid generalizations of findings. This research provides significant practical implications for the
implementation of physics learning in schools. The use of simulation-based LKPD PhET can be an
effective practicum alternative for schools that have limited laboratory facilities, as simulations allow
students to explore variables independently without relying on physical equipment. For teachers, this
device provides a systematic inquiry-based learning framework, making it easier for them to facilitate

Purwandari, Farida Huriawati, Erawan Kurniadi / Innovative ADDIE-Based PhET Worksheet for Physics Learning in Limited-Laboratory
Contexts



EDUKASIA: Jurnal Pendidikan dan Pembelajaran, Vol. 7, 1 (January-June, 2026) 407 of 410

scientific processes such as formulating problems, conducting virtual experiments, analyzing data, and
drawing conclusions. In addition, this LKPD can help increase student engagement due to its
interactive and visual nature, thereby increasing motivation and participation during learning. For
schools, the integration of this digital LKPD can strengthen technology-based learning programs and
support the implementation of a curriculum that emphasizes science literacy and 21st century skills.
Learning media developers can also use this LKPD design as a basic model for designing digital
teaching tools for other physics materials, thereby expanding adaptive and student-centered learning
innovations.
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