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Physics is often perceived as a challenging subject, with students struggling to grasp 
fundamental concepts like kinematics—a crucial foundation of  classical physics and 
a prerequisite for advanced studies. This study investigates the effectiveness of  PhET 
Interactive Simulations as a learning intervention for college students. A total of  54 students 
enrolled in a Biophysics course participated in the study, focusing on Kinematics in Two 
Dimensions, specifically Vector Addition and Projectile Motion. A quantitative research 
design was employed, integrating pre-test, post-test, and Likert scale questionnaires. An 
independent sample t-test confirmed the comparability of  the control and experimental 
groups before the intervention (t(52) = 1.523, p = 0.134). The related-samples Wilcoxon 
Singed-Rank test revealed a significant improvement in pre- and post-test scores within 
the groups (n = 54, Z = -6.222, p < 0.001), attributing the improvement of  respondents’ 
performance; also underscores the higher gain of  the experimental group. Additionally, 
using Mann-Whitney U test, a significant difference was observed in post-test scores 
between the two groups (U = 103.5, Z = -4.528, p < 0.001), confirming the effectiveness 
of  PhET Interactive Simulations. Likert scale analysis showed that students’ perceptions 
of  the intervention were highly favorable across four parameters: (1) ease of  access, (2) 
physical features and display, (3) ease of  manipulation, and (4) relevance to the topic, with an 
overall weighted mean of  4.731 (SD = 0.449). These findings suggest that PhET Interactive 
Simulations serve as an effective tool for enhancing student learning in physics. Based on 
these findings, it is recommended that educators integrate PhET Interactive Simulations into 
physics instruction to improve conceptual understanding and student engagement.  
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INTRODUCTION 
Physics, much like mathematics, is often perceived as 
difficult due to its abstract concepts and reliance on 
complex formulas and calculations. Many students 
struggle to see its relevance to real-world applications, 
leading to disengagement and poor performance (Guido, 
2018; Tekwani, 2020). Common difficulties include 
memorizing formulas without understanding, solving 
problems without being able to explain the reasoning, 
and actively participating in class yet failing simple 
quizzes (Retnawati et al., 2018). Despite teachers’ efforts, 
a majority of  students find physics unapproachable, 
and conventional teaching methods have not effectively 
addressed this challenge (Lopez, 2017).
Moreover, only a small fraction of  students show 
genuine interest in physics, posing a persistent challenge 
for educators. Kinematics, as a fundamental branch of  
physics, is crucial for understanding more advanced 
topics like dynamics. However, its abstract nature and the 
complex relationship between motion and forces make 
it difficult for students to grasp, leading to significant 
learning gaps that hinder their ability to fully comprehend 
subsequent concepts (PhysicsForums, 2018; Putri et al., 
2024; Shodiqin & Taqwa, 2021). Not just students, pre-
service teachers are also having difficulty in dealing with 
physics concepts (Sutarno et al., 2017). Given the highly 
abstract nature of  kinematics and dynamics, and the well-

documented difficulty students face in mastering these 
concepts, there is a pressing need for effective alternative 
teaching-learning strategies that can simplify and enhance 
their understanding (Tazitabong, 2024). While technology 
offers new ways to enhance learning, many physics 
teachers still rely on traditional lectures, which students 
often find boring and irrelevant (Uwizeyimana et al., 
2018). The gap between the evolving role of  technology 
and outdated teaching methods highlights the need for 
a shift in pedagogical approaches to improve student 
engagement and understanding.
Physics Education Technology (PhET) Interactive 
Simulations present a promising tool to bridge these 
gaps (Almadrones & Tadifa, 2024). PhET Interactive 
Simulations was a project of  the University of  Colorado 
Boulder and it provides over 130 free interactive math 
and science simulations. It was founded on 2002 by Nobel 
Laureate Carl Wieman. PhET simulations are based on 
extensive education research and engage students through 
an intuitive, game-like environment where students learn 
through exploration and discovery (PhET-iO, 2016). 
While these simulations have been used for years, their 
potential to transform physics education became even 
more apparent during the pandemic, when traditional 
teaching methods proved insufficient (Bahasoan et al., 
2020). However, further exploration is needed to assess 
the impact of  PhET simulations on students’ conceptual 
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understanding and engagement, particularly in post-
pandemic blended learning environments. 
The limited local studies, the need for effective learning 
tools in physics education due to its difficulty, and 
the potential of  PhET Interactive Simulations as an 
alternative strategy motivated this research. This study 
aims to evaluate the effectiveness of  PhET Interactive 
Simulations in enhancing college students’ performance 
in learning selected physics topics. Specifically, this 
research aims to answer the following questions:

1. What are the pre-test and post-test scores of  students 
before and after the utilization of  

a. conventional teaching strategies; and
b. conventional teaching strategies with PhET 

Interactive Simulations?
2. Is there a significant difference in the pre-test and 

post-test scores of  Control and Experimental groups?
3. Is there a significant difference in the post-test scores 

of  Control and Experimental groups?
4. What are the perceptions of  students on the use of  

PhET Interactive Simulations in learning selected Physics 
topics in terms of:

a. ease of  access;
b. physical features and display; 
c. ease of  manipulation; and
d. significance to the topic?

LITERATURE REVIEW
Teaching and Learning Physics
It is common knowledge, especially for learners, that 
physics is such a difficult subject. One cannot separate 
physics from mathematics, for both discipline shares a 
common language—numbers. Aside from complicated 
formulas and long, confusing computations, physics 
is full of  abstract concepts. The very reason why 
many secondary and tertiary learners have a hard time 
understanding it (Guido, 2018; Tekwani, 2020; Wangchuk 
et al., 2023). Students have prejudices about schools, 
learning, and the field of  physics itself, in addition 
to preconceptions about physical phenomena. Some 
students could find it particularly challenging because 
they have general misconceptions about what physics 
is and how to approach it. A study conducted by Reddy 
and Panacharoensawad (2017) revealed that poor 
mathematical skills and a lack of  understanding of  the 
problem are major obstacles in developing problem-
solving skills in physics. Likewise, there is often a severe 
problem of  lack of  communication between teachers and 
students. Based on the study of  Sartika and Humairah 
(2017), college students struggled to understand problems 
and found it difficult to devise a solution plan. On the 
other hand, findings of  Bustami et al. (2020) revealed that 
college student factors, teaching-learning factors, and 
learning facility factors did not cause college students to 
experience difficulties in understanding physics subjects.

Alternative Learning Strategies
In recent years, the integration of  technology has 

expanded the possibilities for learning exercises in physics. 
Interactive simulations and virtual experiments enable 
students to explore phenomena that may be challenging to 
observe directly in a traditional classroom setting. These 
simulations provide a hands-on experience that allows 
students to manipulate variables, observe the effects in 
real-time, and develop an intuitive understanding of  the 
concepts being taught (Laws et al., 2015).
Using analogies to scaffold understanding in 
“Electromagnetic Waves” and “Sound Waves” topics are 
found to be effective in enhancing learners’ metacognitive 
abilities compared to the abstract presentation (Distrik 
et al., 2018; Mahmudah et al., 2024; Maulidah & Prima, 
2018). Beyond what is being mentioned, Bantuyong and 
Antonio (2018) developed PhET-based activities that are 
found to be effective in learning “Electromagnetism”. 
The learning experiences of  the students are synthesized 
into three themes: (1) Physics is fun; (2) Physics is real; and 
(3) Physics is simple and easy. Because of  these findings, 
despite the abstractness of  physics, it could still be taught 
through an effective learning tool. High school and college 
students can grasp complicated physics topics once they 
find the way of  teachings interesting. Additionally, the 
research conducted by Kibirige and Lehong in 2016 
proved that the utilization of  cooperative learning 
techniques in learning projectile motion resulted in a 
greater improvement in learners’ performance compared 
to the traditional teaching approach. Pineda (2020) even 
recommended, based on the learning improvement of  
students, that the developed Teaching-Learning Package 
should be used in teaching projectile motion compared 
to the traditional textbook. Syuhendri (2021) further 
proved that conceptual change-based instruction led to 
significantly greater acquisition of  conceptual change in 
kinematics compared to traditional instruction. 
Conceptual questions, on the other hand, focus on 
assessing students’ comprehension of  key concepts and 
their ability to apply them in different contexts. These 
questions may require students to explain phenomena, 
predict outcomes, or analyze the consequences of  
changing variables (Docktor et al., 2015). Furthermore, 
Laws et al. (2015) explored collaborative learning exercises 
in physics. These exercises such as group problem-solving 
sessions or laboratory experiments, foster teamwork and 
communication skills. These exercises encourage students 
to engage in discussions, share ideas, and collectively 
arrive at solutions. Similarly, Akinbobola (2015) said that 
the most effective way in facilitating student’s transfer of  
knowledge in physics is through guided discovery followed 
by demonstration. It is advised that guided discovery 
and other student-centered teaching methodologies be 
used to actively include the students in learning scientific 
knowledge processes and ethics.
ICT, online simulations, and virtual labs have gained 
significant attention in recent years as effective tools for 
enhancing science education (Bahasoan et al., 2020; Selmi, 
2023). These innovative approaches leverage computer-
based technologies and create interactive environments 
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where students can explore and experiment with physics 
concepts. By manipulating variables, observing outcomes, 
and analyzing data in a simulated setting, students engage 
in a dynamic and immersive learning experience (Calderón 
& Ruíz, 2019). Virtual environments, including simulations 
and virtual worlds, provide valuable opportunities for 
active learning, enabling students to take a more hands-
on role in the learning process (Bogusevschi et al., 2020). 
Research by Alnagrat et al. (2023) and Lamb et al. (2019) 
has shown that simulation software and virtual reality (VR) 
significantly improve student achievement. Furthermore, 
teachers are increasingly integrating technology-based 
tools like PhET into their instruction, as Lagon (2023) 
highlighted, demonstrating a shift toward more interactive 
and technology-enhanced teaching strategies.
Simulations are valuable tools for interactive and engaging 
learning experiences, but they cannot replace the essential 
role of  teachers (Kaufman & Ireland, 2019). Teachers 
provide subject expertise, guidance, individualized 
instruction, and emotional support that simulations alone 
cannot offer. Teachers foster critical thinking, adapt 
instruction to students’ needs, and create a supportive 
classroom environment. While simulations enhance 
learning, their integration with skilled teaching practices 
maximizes student engagement and comprehension, 
creating a holistic educational experience.

Integration of  PhET Interactive Simulations in 
Philippine Classrooms
The adaptability of  PhET Interactive Simulations 
across different classroom settings provides educators 
with flexibility in their instructional approaches. Their 
availability online makes them accessible anytime, allowing 
students to review concepts, conduct virtual experiments, 
and deepen their understanding of  physics. PhET also 
has a database of  teacher-created lessons to which the 
teachers use the simulations in a variety of  ways—from 
embedding simulations to lectures, to small-group projects, 
to homework assignments (PhET-iO, 2016). The findings 
of  Mallari and Lumanog (2020) showed that Filipino 
high school students were highly engaged, motivated, 
and challenged during interactive classroom activities. It 
can be concluded and recommended that incorporating 
PhET interactive simulation-based activities positively 
influences students’ academic performance in Science.
Maulidah and Prima (2018) conducted research aimed at 
exploring students’ utilization of  simulations to develop 
a conceptual framework and investigate the impact of  
different levels of  guidance on their usage of  simulations. 
Through detailed analysis, it was discovered that the 
incorporation of  visualizations and analogies aided 
secondary students in constructing their understanding. 
Almadrones and Tadifa (2024) and Batuyong and 
Antonio (2018) also showcased the effectiveness of  
PhET Interactive Simulations in teaching physics. They 
further recommended PhET to be used for classroom 
instruction for understanding Physics concepts for 
diverse learners. Furthermore, the use of  PhET 

simulations led to a notable improvement in test scores 
for students, outperforming those who used only printed 
modules. The engaging learning environment and the 
tool’s reliable, effective instructional features contributed 
to these positive outcomes (Blacer-Bacolod, 2022).
On the contrary, the results of  Yunzal and Casinillo’s 
(2020) study indicated that there was no significant 
difference in the mean scores between the control and 
experimental groups, despite the students’ expressed 
interest in playing the simulation. Students may be more 
drawn to simulations that align with the content covered 
in their lectures. Additionally, the study revealed that the 
students’ performance before and after being exposed 
to the PhET simulation did not exhibit a substantial 
variation, but it did show a slight improvement in their 
overall performance.

MATERIALS AND METHODS
Research Design
This study utilized PhET Interactive Simulations as a 
learning intervention. It intends to examine the level of  
performance of  third-year college students undertaking 
Bachelor of  Science in Biology major in Medical Biology 
(BSB MedBio) of  Palawan State University who are 
enrolled in Biophysics course before and after the 
intervention. The researcher used a quasi-experimental 
quantitative research design with the integration of  
pre-test and post-test (Cook, 2015). In this design, all 
the respondents are subjected to conventional teaching 
strategies (multimedia aided lecture-discussion); however, 
only the experimental group used PhET Interactive 
Simulations as a learning intervention. The pre-test and 
post-test scores of  the control and experimental groups 
were recorded and compared to assess the distribution of  
data. For pre-test mean scores, an independent samples 
t-test was used to ensure that the groupings were not 
statistically different and are therefore comparable. The 
pre-test and post-test mean scores of  each group was 
also compared using non-parametric test (related samples 
Wilcoxon Signed-Rank test) to see if  the improvement in 
the respondents’ scores is significantly different. Likewise, 
the post-test mean scores of  the two groups was further 
compared using an independent samples Mann-Whitney 
U test. The tests answer if  PhET Interactive Simulation 
is effective or not as a learning intervention. Moreover, to 
collect relevant data on students’ perceptions in terms of  
the use of  intervention, the researcher employed a Likert-
scale questionnaire where responses vary from Strongly 
Agree (SA) to Strongly Disagree (SD) for each statement. 

Research Instrument
To collect relevant quantitative data, the researcher used (1) a 
validated and reliable (Cronbach’s alpha coefficient α=0.83) 
pre-test and post-test, that measured the improvement in 
student’s performance before and after the intervention, 
(2) a validated and reliable (Cronbach’s alpha coefficient 
α=0.97) Likert scale, that measured students’ perception of  
the use of  teaching intervention. As indicated in the course 
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syllabus, the focus of  the questionnaires is the Classical 
Mechanics: Motion in Two Dimensions; specifically, Vector 
Addition and Projectile Motion. 
Before the instruction begins, a paper-and-pen pre-
test in the form of  a multiple-choice was administered 
to the respondents. Parallel post-test, together with the 
Likert scale questionnaire (only in experimental group), 
followed shortly after teaching the intended topics. The 
pre- and post-tests are backed-up with prepared Table 
of  Specifications (TOS). The five-point Likert scale have 
varying responses of  Strongly Agree (SA), Agree (A), 
Neutral (N), Disagree (D), and Strongly Disagree (SD). 

Statistical Treatment
All statistical treatments were carried out using 
Statistical Package for Social Science (SPSS). The 
researcher computed and compared the mean scores, 
mean percentage scores and standard deviation (SD) 
of  the pre-test and post-test scores of  both groups. To 
describe the level of  performance of  the respondents 
through frequency distribution from the 30-item multiple 
choice test, the following descriptors was adapted, with 
modifications, from the study of  Bantuyong and Antonio 
(2017) for interpretation.

Table 1: Pre-test – Post-test Scores Descriptor
Respondents’ Score Interval Descriptor
25 – 30 Outstanding
19 – 24 Very Satisfactory
13 – 18 Satisfactory
7 – 12 Fair
0 – 6 Needs Improvement

Table 3: Students’ Perception Mean Score Descriptor
Weighted Mean Interval Description Characteristics
1.2 – 5.0 Highly Favorable Respondents perceive the intervention as very effective and 

user-friendly.
3.4 – 4.19 Favorable Respondents recognize the intervention as effective with some 

minor limitations.
2.6 – 3.39 Neutral Respondents are undecided about the effectiveness or usability 

of  the intervention.
1.8 – 2.59 Unfavorable Respondents perceive the intervention as having noticeable 

usability or effectiveness issues.
1.0 – 1.79 Highly Unfavorable Respondents see major usability and effectiveness problems in 

the intervention.

Table 2: Effect size r Descriptor
r value Descriptor
0.00 < 0.30 Small effect
0.30 < 0.50 Medium effect
0.50 or more Large effect

test data passed the test for normality using Kolmogorov-
Smirnov test (Lilliefors, 2012) and homogeneity of  
variance using Levene’s test (Schultz, 1985). The data 
gathered from post-test scores was found out to be 
not normally distributed using the same normality test 
(Kolmogorov-Smirnov); thus, the researcher opted to 
administer the non-parametric Wilcoxon Signed Rank 
test to determine if  there is a significant difference in 
the pre-test – post-test scores (related samples test) 
and a Mann-Whitney U test for the post-test scores of  
both groups (independent samples test). Furthermore, 
to determine the practical significance of  the difference 
between groups, the researcher computed the effect size. 
In this study, rank-biserial correlation (r) was employed as 
a measure of  the effect size of  the variables (DATAtab 
Team, 2025). Effect size r helps to quantify the strength 
of  the observed difference, allowing for a better 
understanding of  the practical implications of  the study 
findings. Below is the corresponding descriptor to effect 
size r values computed.

To describe the perception of  the respondents on the 
use of  intervention in terms of  the following parameters: 
(1) ease of  access; (2) physical features and display; (3) 
ease of  manipulation; and (4) significance to the topic, 
the researcher calculated the mean weight and standard 
deviation of  Likert scale data. The following scale was 
adapted and modified from the study of  Bacolod et al., 
(2022) for the interpretation of  results.

To prove that both groups are comparable, the researcher 
administered an independent sample t-test after the pre-

RESULTS AND DISCUSSION
The fifty-four (54) respondents completed the validated 
and reliable pre-test and post-test. The paper-and-pen 
multiple choice pre-test was administered before the 
conventional lecture-discussion of  Classical Mechanics: 
Motion in Two Dimensions. The learning intervention 
was introduced to the experimental group. Parallel paper-
and-pen multiple choice post-test was administered 

to both groups right after the researcher finished the 
learning plan.
The pre-test scores suggest that participants have limited 
prior knowledge of  the subject matter, aligning with the 
findings of  Almadrones and Tadifa (2024). Based on 
the gathered data, majority of  students in both groups 
fell within the Moderately Satisfactory range (7–12), 
with a higher percentage in the Control Group (78%) 
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compared to the Experimental Group (48%). The mean 
percentage score (MPS = 38.40%; MPS = 34.32%) 
and standard deviation (SD = 2.93; SD = 2.97) of  
respective groups further proved that students have little 
background knowledge regarding Vectors and Projectile 
Motion topics. Guskey and McTighe (2018) stated that 
students’ preconceived notions, misunderstandings, 
misconceptions, and knowledge gaps contribute to their 
low performance in pre-test assessments. The level of  
performance in pre-test of  both groups were compared 
using an independent samples t-test, which showed 
(t(52) = 1.523, p = 0.134), indicating that there was no 
significant difference between the two groups before the 
intervention and are therefore comparable.
The Experimental Group demonstrated significant 
improvement, with 78% (21 out of  27 students) 
achieving scores in the Very Satisfactory to Outstanding 

categories. In contrast, the Control Group showed the 
opposite trend, with 78% of  its students remaining in the 
Fair to Satisfactory categories, indicating a lower overall 
performance. Meanwhile, only 22% (6 out of  27 students) 
from the Control Group reached the Very Satisfactory 
to Outstanding levels. The substantial difference in MPS 
(72.0% vs. 49.0%) further suggests that the intervention 
had a positive impact on the learning outcomes of  the 
Experimental Group. This improvement is attributed to 
the effectiveness of  PhET Interactive Simulations, which 
provided an interactive and engaging learning experience 
that enhanced students’ conceptual understanding. 
By allowing active exploration and visualization of  
abstract concepts, the intervention facilitated deeper 
comprehension, leading to better post-test performance. 
This result aligns with the findings of  Bantuyong and 
Antonio (2018) and Chinaka (2021).

Table 4: Descriptive Statistics of  Respondents’ Performance Through Pre- and Post-Test Scores

Scores 
Interval

Pre-test Post-test
RemarksExperimental 

Group
Control Group Experimental 

Group
Control Group

f % f % f % f %
25 – 30 0 0% 0 0% 7 26% 0 0% Outstanding
19 – 24 1 4% 0 0% 14 52% 6 22% Very Satisfactory
13 – 18 10 37% 5 18% 5 18% 9 33% Satisfactory
7 – 12 13 48% 21 78% 1 4% 12 45% Fair
0 – 6 3 11% 1 4% 0 0% 0 0% Needs Improvement
Total 27 100% 27 100% 27 100% 27 100%
Mean % Score 38.40 % 34.32 % 72 % 49 %
SD 2.93 2.97 4.4 4.4

Figure 1: Overall Mean Scores: Compares Pre- and Post-test Scores

Figure 1 presents a comparison of  the pre-test and post-
test mean scores of  the Experimental Group and Control 
Group, highlighting the improvement in performance 
after the intervention. The Experimental Group, which 
was taught using PhET Interactive Simulations, exhibited 
a substantial increase in their mean score from 11.52 
in the pre-test to 21.59 in the post-test. In contrast, 
the Control Group, which received only conventional 

teaching strategies, showed a more modest increase from 
10.3 to 14.78. The greater learning gains observed in 
the Experimental Group suggest that the use of  PhET 
Interactive Simulations significantly enhanced students’ 
conceptual understanding, leading to a more effective 
learning experience. These findings align with the study 
of  Mallari and Lumanog (2020), which also reported that 
interactive simulations improve student engagement and 
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conceptual mastery in physics. This further supports the 
potential of  technology-enhanced learning in improving 

student performance, particularly in topics such as 
Motion in Two Dimensions.

Table 5: Related-samples Wilcoxon Singed-Rank test in the Improvement of  Students’ Performance (n = 54)
Pre- and Post-test Scores Mean Rank Sum of  Ranks Z p Decision r
Negative Ranks 6.75 13.50 -6.222 < 0.001 Reject the null 

hypothesis
0.847

Positive Ranks 27.79 1417.5
*Significance level is 0.05.
*p value is asymptotic significance (2-tailed).

*Effect size r <0.30 indicates a small effect
<0.50 indicates a medium effect
>0.50 indicates a large effect

Table 6: Mann-Whitney U Test in the Students’ Post-test Scores (n = 54)
Group Mean Rank Mann-Whitney U Z p Decision r
Experimental 37.17 103.5 -4.528 < 0.001 Reject the null 

hypothesis
0.616

Control 17.83
*Significance level is 0.05.
*p value is asymptotic significance (2-tailed).

*Effect size r <0.30 indicates a small effect
<0.50 indicates a medium effect
>0.50 indicates a large effect

The Wilcoxon Signed-Rank Test was conducted to 
determine whether there was a significant improvement 
in students’ performance after the utilization of  PhET 
Interactive Simulations. The results revealed that the mean 
rank of  positive differences (27.79) was substantially 
higher than the mean rank of  negative differences (6.75), 
indicating that most students scored higher in the post-
test compared to the pre-test. Additionally, the sum of  
ranks for positive scores (1417.5) was significantly greater 
than that of  negative scores (13.50), further supporting 

the observed improvement. The test yielded a Z-value of  
-6.222 and a p-value of  less than 0.001, well below the 0.05 
significance level. This led to rejecting the null hypothesis, 
confirming that the difference between pre-test and post-
test scores was statistically significant. Furthermore, the 
effect size (r = 0.847) indicates a large effect, suggesting 
that using PhET Interactive Simulations had a strong and 
meaningful impact on students’ learning outcomes. These 
results were further affirmed by the study of  Warneri et 
al., (2024).

A Mann-Whitney U test was conducted to compare the 
post-test performance of  students in the experimental 
group and the control group. The results revealed a 
significant difference in student performance between the 
two groups (U = 103.5, Z = -4.528, p < 0.001). The mean 
rank for the experimental group (M = 37.17) was higher 
than that of  the control group (M = 17.83), indicating 
that students in the experimental group performed 
better. Furthermore, the effect size (r = 0.616) suggests 
a large effect, meaning that the use of  PhET Interactive 
Simulations had a strong impact on student performance. 
Given the significance level of  0.05, the null hypothesis 

was rejected, confirming that the learning intervention 
significantly influenced learning outcomes. 
This finding suggests that students who used PhET 
Interactive Simulations as a learning intervention 
performed significantly better than those who were taught 
solely through conventional methods. These results align 
with the studies of  Mallari and Lumanog (2020), and 
Bantuyong and Antonio (2018), which also highlight 
the effectiveness of  interactive simulations in enhancing 
student learning. However, they contrast with the findings 
of  Yunzal and Casinillo (2020), who reported little to no 
significance regarding the impact of  such interventions.

Table 7: Students’ Perception on the Use of  PhET Interactive Simulations through Different Parameters
Statements Weighted Mean SD Remarks
A. Ease of  Access to PhET Interactive Simulations
A1. It is easy to find and access PhET Interactive Simulations 
on the internet.

4.84 0.473 Highly Favorable

A2. The search functionality on the PhET website effectively 
helps me locate the desired simulations.

4.80 0.408 Highly Favorable

A3. The website provides clear and straightforward 
instructions for accessing and launching the simulation.

4.56 0.507 Highly Favorable

A4. PhET Interactive Simulations are readily accessible across 
different devices (e.g., smartphones, computers, tablets).

4.60 0.645 Highly Favorable

A5. The loading time of  the simulations is reasonable, 
allowing for a smooth user experience.

4.44 0.712 Highly Favorable
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A6. PhET Interactive Simulations are easily accessible without 
the need for extensive registration or account creation.

4.96 0.200 Highly Favorable

A7. The website provides helpful support and resources for 
troubleshooting access related issues.

4.52 0.653 Highly Favorable

Average 4.674 0.514 Highly Favorable
B. Physical Features and Display of  PhET Interactive Simulations
B1. The graphics in PhET Interactive Simulations are visually 
appealing and engaging.

4.72 0.458 Highly Favorable

B2. The physical models and representations used in the 
simulations are clear and easy to comprehend.

4.88 0.332 Highly Favorable

B3. The simulations effectively illustrate complex scientific 
concepts through intuitive and interactive displays.

4.76 0.436 Highly Favorable

B4. The labels and text descriptions within the simulations are 
legible and easy to read.

4.68 0.476 Highly Favorable

B5. The use of  colors in the simulations effectively conveys 
information and enhances understanding.

4.80 0.408 Highly Favorable

B6. The display and arrangement of  data or graphs within the 
simulations are well-organized and coherent.

4.80 0.408 Highly Favorable

B7. The inclusion of  relevant animations or visual effects 
enhances the learning experience in the simulations.

4.80 0.408 Highly Favorable

Average 4.777 0.418 Highly Favorable
C. Ease of  Manipulation of  PhET Interactive Simulations
C1. The interactive elements in PhET Interactive Simulations 
are easy to manipulate.

4.44 0.651 Highly Favorable

C2. It is straightforward to adjust parameters or variables 
within the simulations.

4.36 0.569 Highly Favorable

C3. It is easy to understand the purpose and functionality of  
each interactive simulation.

4.80 0.500 Highly Favorable

C4. I find it easy to explore different scenarios or experimental 
setups within the simulations.

4.56 0.712 Highly Favorable

C5. The range and flexibility of  manipulations available in the 
simulations meet my needs.

4.60 0.577 Highly Favorable

C6. The interactive elements and controls are responsive and 
user-friendly.

4.72 0.458 Highly Favorable

C7. I can easily switch from one part of  the simulation to 
another.

4.84 0.374 Highly Favorable

Average 4.617 0.549 Highly Favorable
D. Significance of  PhET Interactive Simulations to the Topic
D1. The PhET Interactive Simulations we used are significantly 
related to our topics vector addition and projectile motion.

5.00 0.000 Highly Favorable

D2. The simulations are useful for visualizing and 
comprehending the principles of  vector addition and 
projectile motion.

4.92 0.277 Highly Favorable

D3. PhET Interactive Simulations improve my ability to 
analyze and solve problems involving vector addition and 
projectile motion.

4.92 0.277 Highly Favorable

D4. The simulation in vector addition helps me visualize the 
magnitude and direction of  given vectors.

4.80 0.408 Highly Favorable

D5. The projectile motion simulation helps in understanding 
behavior of  objects in motion.

4.76 0.436 Highly Favorable

D6. Using PhET Interactive Simulations boosts my confidence 
in applying the principles of  vectors and projectile motion.

4.80 0.408 Highly Favorable
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D7. PhET Interactive Simulations significantly enhance my 
understanding of  vector addition and projectile motion.

4.80 0.408 Highly Favorable

Average 4.857 0.316 Highly Favorable
OVERALL 4.731 0.449 Highly Favorable

*Legend	 4.2 – 5.0 Highly Favorable; 3.4 – 4.19 Favorable; 2.6 – 3.39 Neutral; 1.8 – 2.59 Unfavorable; 1.0 – 1.79 Highly 
Unfavorable

Using a 5-point Likert scale, perceptions of  students in the 
experimental group regarding the use of  PhET Interactive 
Simulations were gathered. The overall weighted mean 
of  4.731, classified as Highly Favorable, reflects positive 
perceptions of  the simulations—particularly Vector 
Addition and Projectile Motion—regarding accessibility, 
visual quality, ease of  manipulation, and relevance to the 
topics discussed. These findings are consistent with the 
results of  Blacer-Bacolod (2022) and Salame and Makki 
(2021), further supporting the effectiveness of  PhET 
simulations and its positive impact in the learning process.
For Parameter A: Ease of  Access, the average weighted 
mean of  4.674 and standard deviation of  0.514 suggest 
that students find PhET simulations readily accessible, 
with ease of  use without requiring registration (M = 
4.96, SD = 0.200) receiving the highest rating. This 
underscores the convenience and user-friendliness of  
the platform. Parameter B: Physical Features and Display 
have an average weighted mean of  4.777 and a standard 
deviation of  0.418, indicating strong approval of  the 
visual appeal, clarity of  models, and interactive features. 
The highest-rated aspect was the clarity of  physical 
representations (M = 4.88, SD = 0.332), emphasizing 
their role in enhancing conceptual understanding.  For 
Parameter C: Ease of  Manipulation, the average weighted 
mean of  4.617 and standard deviation of  0.549 suggest 
that respondents generally find PhET simulations 
intuitive and easy to use. The highest-rated aspect was the 
ease of  switching between simulation sections (M = 4.84, 
SD = 0.374), highlighting the tool’s smooth navigation 
and responsiveness. Finally, Parameter D: Significance to 
the Topic yielded the highest average weighted mean of  
4.857 with a standard deviation of  0.316, demonstrating 
that students strongly recognize the simulations’ direct 
relevance to learning vector addition and projectile 
motion. The highest-rated item was the direct alignment 
of  simulations with the topics discussed (M = 5.00, SD 
= 0.000), indicating total agreement on their educational 
value.  Moreover, all of  the participants (n = 27) who used 
PhET Interactive Simulations supported these findings.

CONCLUSIONS
This study examined the effectiveness of  PhET Interactive 
Simulations in teaching selected topics in physics by 
comparing the learning outcomes and perceptions of  
students who were taught using conventional teaching 
strategies with and without PhET. The results revealed 
that both groups demonstrated improvements in their 
post-test scores, with the experimental group—who 
utilized PhET simulations—showing greater gains. 

Statistical analysis indicated a significant difference in the 
pre-test and post-test scores within both groups and a 
significant difference in the post-test scores between the 
control and experimental groups, favoring the latter.  
Moreover, student perceptions of  PhET Interactive 
Simulations were highly favorable. The simulations 
were found to be accessible, visually engaging, easy to 
manipulate, and relevant to the topics studied. These 
findings suggest integrating PhET Interactive Simulations 
into physics instruction can enhance students’ conceptual 
understanding and engagement. 

Recommendations
Based on the findings of  this study, it is highly 
recommended that physics teachers integrate PhET 
Interactive Simulations into their instructional strategies. 
The statistical evidence demonstrating significant 
improvements in students’ learning outcomes, coupled 
with the positive perceptions of  students regarding 
accessibility, visual appeal, ease of  use, and relevance, 
highlights the effectiveness of  PhET as a supplementary 
learning tool. Teachers are encouraged to incorporate 
these simulations to enhance engagement, improve 
conceptual understanding, and make abstract physics 
concepts more tangible for students.  
Students are encouraged to utilize PhET Interactive 
Simulations as a self-directed learning tool actively. Given 
their interactive nature, these simulations allow students 
to explore physics concepts at their own pace, visualize 
abstract principles, and reinforce classroom learning 
through hands-on virtual experiments.  
Educational institutions should consider providing 
training and resources to support the integration of  
PhET Interactive Simulations in physics instruction. 
Further studies may explore the long-term impact of  
these simulations on students’ performance and their 
applicability to other areas of  science education.  

REFERENCES 
Akinbobola, A. O. (2015). Enhancing transfer of  

knowledge in physics through effective teaching 
strategies. Journal of  Education and Practice, 6(16), 37-44. 
https://eric.ed.gov/?id=EJ1079935 

Almadrones , R. D., & Tadifa , F. G. (2024). Physics 
Educational Technology (PHET) Simulations in 
Teaching General Physics 1. International Journal of  
Instruction, 17(3), 635–650. Retrieved from https://e-
iji.net/ats/index.php/pub/article/view/632

Alnagrat, A. J. A., Ismail, R. C., & Idrus, S. Z. S. (2023). 
The Opportunities and challenges in virtual reality for 



Pa
ge

 
20

https://journals.e-palli.com/home/index.php/ajet

Am. J. Educ. Technol. 4(3) 12-21, 2025

virtual laboratories. Innovative Teaching and Learning Journal, 
6(2), 73–89. https://doi.org/10.11113/itlj.v6.91 

Bacolod, R. S., Genanda, M. C., & Blacer-Bacolod, D. 
(2022). Interactive videoconferencing versus online 
text-based module: Which is better to use in a physics 
classroom. Int. J. Inf. Educ. Technol, 12(8), 712-718. 
https://www.ijiet.org/vol12/1675-IJIET-4326.pdf  

Bahasoan, A., Ayuandiani, W., Mukhram M., & Rahmat 
A. (2020). Effectiveness of  online learning in 
pandemic Covid-19. Journal of  Science. https://doi.
org/10.46729/ijstm.vli2.30 

Batuyong, C., & Antonio, V. (2018). Exploring the effect 
of  PhET interactive simulation-based activities on 
students’ performance and learning experiences in 
electromagnetism. Asia Pacific Journal of  Multidisciplinary 
Research, 6(2), 121-131.

Blacer-Bacolod, D. (2022). The affordances of  PhET 
simulation as a supplemental learning tool in Physics 
courses during the COVID-19 pandemic. International 
Journal of  Sciences & Applied Research, 9(5), 109-117.

Bogusevschi, D., Muntean, C. & Muntean, G.M. (2020). 
Teaching and Learning Physics using 3D Virtual 
Learning Environment: A Case Study of  Combined 
Virtual Reality and Virtual Laboratory in Secondary 
School. Journal of  Computers in Mathematics and 
Science Teaching, 39(1), 5-18. Waynesville, NC USA: 
Association for the Advancement of  Computing in 
Education (AACE). https://www.learntechlib.org/
primary/p/210965/. 

Bustami, B., Ngadimin, N., & Farhan, A. (2020). 
The difficulty factors of  students to understand 
Mathematics Physics 1 at Physics Education 
Department FKIP Unsyiah. Asian Journal of  Science 
Education, 2(1), 1–10. https://doi.org/10.24815/ajse.
v2i1.14725

Calderón, R. R., & Ruíz, M. Á. G. (2019, March). Learning 
physics with virtual environment. In 2019 IEEE 
World Conference on Engineering Education (EDUNINE) 
(pp. 1-5). IEEE. https://doi.org/10.1109/
EDUNINE.2019.8875824

Chinaka, T. W. (2021). The effects of  PhET simulation vs. 
Phenomenon-based experiential learning on students’ 
integration of  motion along two independent axes in 
projectile motion. Sample our Environment & Agriculture 
Journals, 185-196. https://doi.org/10.1080/18117295
.2021.1969739 

Cook, T. (2015). Statistical notes: Cronbach’s alpha. 
Wiley Online Library, 11. https://doi.
org/10.1002/9781118785317.weom110227 

DATAtab Team (2025). DATAtab: Online Statistics 
Calculator. DATAtab e.U. Graz, Austria. URL https://
datatab.net 

Distrik, W., Ertikanto, C., Suyatna, A., & Suana W. 
(2018). The effect of  REAL model in enhancing 
metacognition of  abstract physics topics. International 
Journal Research – Granthaalayah, 6(6). https://doi.
og/10.5281/zenodo.1310000 

Docktor, J. L., Strand, N. E., Mestre, J. P., & Ross, B. H. 

(2015). Conceptual problem solving in high school 
physics. Physical Review Special Topics-Physics Education 
Research, 11(2), 020106. https://journals.aps.org/
prper/abstract/10.1103/PhysRevSTPER.11.020106 

Guido, R. M. (2018). Attitude and motivation towards 
learning physics. International Journal of  Engineering 
Research and Technology. https://doi.org/10.48550/
arXiv.1805.02293 

Kaufman, D., & Ireland, A.  (2019). Simulation as a Strategy 
in Teacher Education. Oxford Research Encyclopedia 
of  Education. https://oxfordre.com/education/
view/10.1093/acrefore/9780190264093.001.0001/
acrefore-9780190264093-e-478

Kibirige, I., & Lehong, M. J. (2016) The effect of  
cooperative learning on grade 12 learner’s performance 
in projectile motions, South Africa. Eurasia Journal of  
Mathematics, Science and Technology Education, 12(9), 2543-
2556. https://doi.org/10.12973/eurasia.2016.1250a 

Lagon, H. M. (2023). PHET Interactive Simulations 
in Learning Optics towards Pre-Service Science 
Teachers: A Phenomenological Study. American Journal 
of  Education and Technology, 2(3), 129–135. https://doi.
org/10.54536/ajet.v2i3.679 

Lamb, R. L., Etopio, E., Hand, B., & Yoon, S. Y. (2019). 
Virtual reality simulation: Effects on academic 
performance within two domains of  writing in 
science. Journal of  Science Education and Technology, 28, 
371-381. https://link.springer.com/article/10.1007/
s10956-019-09774-y 

Laws, P., Willis, M., & Sokoloff, D. (2015). Workshop 
physics and related curricula: A 25-year history of  
collaborative learning enhanced by computer tools 
for observation and analysis. The Physics Teacher, 53(7), 
401-406. https://doi.org/10.1119/1.4931006 

Lilliefors, H. W. (2012). On the Kolmogorov-Smirnov 
test for normality with mean and variance unknown. 
Journal of  the American Statistical Association, 62(318), 
399-402. https://www.tandfonline.com/doi/abs/10.
1080/01621459.1967.10482916

Lopez, V., & Pinto, R. (2017). Identifying secondary-
school students’ difficulties when reading visual 
representations displayed in physics simulations. 
International Journal of  Science Education, 39(10), 1353-
1380. https://www.tandfonline.com/doi/abs/10.108
0/09500693.2017.1332441 

Mahmudah, M. S., Yacobi, M. A. A., & Steeven, D. (2024). 
Enhancing Learning of  Electromagnetic Wave 
Propagation through 3D Visualization in Physics 
Education. Current STEAM and Education Research, 
2(1), 43-52. https://doi.org/10.58797/cser.020104 

Mallari, R. L., & Lumanog, G. D. (2020). The effectiveness of  
integrating PhET interactive simulation-based activities 
in improving the student’s academic performance in 
science. International Journal for Research in Applied Science 
and Engineering Technology, 8(9), 1150-1153. 

Maulidah, S. S., & Prima, E. C. (2018). Using Physics 
Education Technology as Virtual Laboratory in 
Learning Waves and Sounds. Journal of  Science Learning, 



Pa
ge

 
21

https://journals.e-palli.com/home/index.php/ajet

Am. J. Educ. Technol. 4(3) 12-21, 2025

1(3), 116-121. https://eric.ed.gov/?id=EJ1226300 
PhET-iO. (2016). History. Accessed on 25 October 2024. 

https://phet-io.colorado.edu/about/#history 
PhysicsForums. (2018). Why is Mechanics so Difficult to 

Master?. PhysicsForums website. Accessed 25 October 
2024. https://www.physicsforums.com/threads/
why-is-mechanics-so-difficult-to-master.949366/ 

Pineda, C. I. S. (2020). Effectiveness of  validated teaching-
learning package in projectile motion for grade 9 
science. Journal of  Science and Science Education, 1(1), 
26–29. https://doi.org/10.29303/jossed.v1i1.454

Putri, V. A., Sundari, P. D., Mufit, F., & Dewi, W. S. 
(2024). Analysis of  Students’ Physics Conceptual 
Understanding using Five-Tier Multiple Choice 
Questions: the Newton’s Law of  Motion Context. 
Jurnal Penelitian Pendidikan IPA, 10(5), 2275-2285.

Reddy, M., & Panacharoensawad, B. (2017). Students 
Problem-Solving Difficulties and Implications in 
Physics: An Empirical Study on Influencing Factors. 
Journal of  Education and Practice, 8(14), 59-62. https://
eric.ed.gov/?id=EJ1143924 

Retnawati, H., Arlinwibowo, J., Wulandari, N., & Pradani, 
R. (2018). Teachers’ difficulties and strategies 
in physics teaching and learning that applying 
mathematics. Journal of  Baltic Science Education, 17, 120-
135. http://www.scientiasocialis.lt/jbse/files/pdf/
vol17/120-135.Retnawati_JBSE_Vol.17_No.1.pdf  

Salame, I. I., & Makki, J. (2021). Examining the use of  
PhEt simulations on students’ attitudes and learning 
in general chemistry II. Interdisciplinary Journal of  
Environmental and Science Education, 17(4), e2247. 
https://www.ijese.com/article/examining-the-use-
of-phet-simulations-on-students-attitudes-and-
learning-in-general-chemistry-ii-10966 

Sartika, D., & Humairah, N. A. (2018). Analyzing students’ 
problem solving difficulties on modern physics. Journal 
of  Physics Conference Series, 1028, 012205. https://doi.
org/10.1088/1742-6596/1028/1/012205 

Schultz, B. B. (1985). Levene’s test for relative variation. 
Systematic Biology, 34(4), 449–456. https://doi.
org/10.1093/sysbio/34.4.449

Selmi, S. A. (2023). Use of  ICT to Promote Literacy in 
Sub-Saharan Africa. American Journal of  Multidisciplinary 
Research and Innovation, 2(1), 49–64. https://doi.
org/10.54536/ajmri.v2i1.1182

Shodiqin, M. I., & Taqwa, M. R. A. (2021). Identification 

of  student difficulties in understanding kinematics: 
focus of  study on the topic of  acceleration. Journal of  
Physics Conference Series, 1918(2), 022016. https://doi.
org/10.1088/1742-6596/1918/2/022016 

Sutarno, S., Setiawan, A., Kaniawati, I., & Suhandi, A. (2017). 
Pre-service physics teachers’ problem-solving skills in 
projectile motion concept. Journal of  Physics: Conference 
Series, 895(1), 1742-6596. https://iopscience.iop.org/
article/10.1088/1742-6596/895/1/012105/meta 

Syuhendri, S. (2021). Effect of  conceptual change texts on 
physics education students’ conceptual understanding 
in kinematics. Journal of  Physics Conference Series, 
1876(1), 012090. https://doi.org/10.1088/1742-
6596/1876/1/012090 

Tazitabong, A. J. (2024). Physics Teaching Methods and 
Its Impact on Students’ Academic Achievement 
in Secondary Schools in the Limbe I Municipality. 
American Journal of  Multidisciplinary Research & 
Development (AJMRD). 6(8). https://www.ajmrd.com/
wp-content/uploads/2024/08/C681726.pdf  

Tekwani, M. (2020). Why is Physics considered to be a Difficult 
Subject? Medium. Accessed 25 October 2024. https://
mukeshntekwani.medium.com/why-is-physics-
considered-to-be-a-difficult-subject-ed4bd05a5c2f  

Uwizeyimana, D., Yadav, L., Musengimana, T., & 
Uwamahoro, J. (2018). The impact of  teaching 
approaches on effective physics learning: an 
investigation conducted in five Secondary Schools 
in Rusizi District, Rwanda. Deleted Journal, 4(2), 
4–14. https://www.ajol.info/index.php/rje/article/
download/175117/164504 

Warneri, W., Salam, U., Putri, W. A., Imandari, R. Z., 
Pratiwi, R. D., & Chairunnisa, T. (2024). Utilization, 
Simulation and Learning: The Virtual Laboratory 
Learning Media PhET for Outcomes Learning. JTP - 
Jurnal Teknologi Pendidikan. https://doi.org/10.21009/
jtp.v26i3.49832

Wangchuk, D., Wangdi, D., Tshomo, S., & Zangmo, J. 
(2023). Exploring Students’ Perceived Difficulties of  
Learning Physics. Educational Innovation and Practice, 6. 
https://doi.org/10.17102/eip.6.2023.03

Yunzal, A. & Casinillo, L. (2020). Evidence from STEM 
students’ performance. Journal of  Education Research 
and Evaluation, 4(3). https://doi.org/10.23887/jere.
v4i3.27450 


