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Sections Info ABSTRACT

Article history: Objective: This study aimed to analyze the validity and reliability of an instrument
Submitted: June 16, 2025 developed to measure students’ perceptions of PhET simulation-based innovations in
Final Revised: August 24, 2025 learning rigid body equilibrium. The research sought to determine whether the
Accepted: August 24, 2025 instrument accurately captured students’ conceptual understanding, engagement,
Published: August 31, 2025 and satisfaction while also identifying latent factors underlying their responses
Keywords: through Exploratory Factor Analysis (EFA). Method: The study employed a
Conceptual Understanding; quantitative survey approach with 25 Likert-scale items distributed to students in one
Exploratory Factor Analysis; secondary school. Data were analyzed using descriptive statistics, Kaiser-Meyer-
PhET Simulation; Olkin (KMO), and Bartlett's test for sampling adequacy, followed by EFA with
Physics Education; Varimax rotation. Reliability testing was conducted through Cronbach's Alpha to

evaluate the internal consistency of extracted factors. Results: The findings revealed
that the instrument achieved strong overall reliability (Cronbach’s a = .909). EFA
identified nine distinct factors, extending beyond the original five theoretical
dimensions of ease of use, engagement, conceptual clarity, collaboration, and
satisfaction. While the first five factors demonstrated high reliability (a >.75), Factors
6-9 exhibited weaker reliability, indicating the need for refinement. These results
confirm that PhET simulations effectively enhance conceptual understanding and
engagement, but also reveal additional dimensions of students’ learning experiences.
Nowvelty: This study contributes to physics education research by providing a
validated multidimensional instrument for evaluating PhET-based learning in rigid
body equilibrium. The emergence of nine empirical factors highlights the complex
nature of students’ perceptions and underscores the need for more nuanced
measurement tools. Unlike prior research focusing solely on conceptual gains, this
study emphasizes the psychometric validation of students’ experiences, offering a
novel framework for assessing technology integration in physics education.

Rigid Body Equilibrium.

INTRODUCTION

In physics education, there is a strong expectation that students will not only master
formulas but also develop a deep conceptual understanding of fundamental mechanics
topics such as rigid body equilibrium (Galili & Goren, 2023; Batlolona et al., 2024;
Gasparini et al., 2025). Conceptual understanding is essential because it enables learners
to transfer knowledge across contexts and to apply physics principles in real-world
problem solving (Maftuh, 2023; Simeon et al., 2022). One of the promising innovations in
this regard is the use of interactive simulations such as Physics Education Technology
(PhET) (Banda & Nzabahimana, 2021, 2023). PhET simulations provide dynamic
visualizations, manipulable parameters, and immediate feedback, allowing students to
construct mental models of physical phenomena (Saudelli et al., 2021). Empirical studies
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indicate that digital simulations improve learning engagement and support students in
visualizing abstract physics concepts more effectively (Li et al., 2024; Saad et al., 2025).

However, the implementation of simulations is not without challenges. Several studies
have reported that simulations, when used without proper scaffolding, can fail to address
misconceptions or even introduce new ones (Ganasen & Shamuganathan, 2017; Pranata,
2023; Jamillo & Gabasa, 2024). Other research highlights that simulations sometimes lack
realism or fail to provide kinesthetic experiences, which are crucial for meaningful
physics learning (Petrova, 2020). This means that simply adding digital simulations does
not automatically ensure better conceptual learning (Saudelli et al., 2021). While
expectations are high that PhET simulations can foster conceptual clarity, empirical
evidence shows varied outcomes. Some studies demonstrate significant gains in
conceptual understanding when PhET is combined with discovery learning or guided
inquiry (Rahmawati et al., 2022; Sari et al., 2024; Violita et al., 2024). Conversely, other
research finds only modest improvement in student achievement, indicating that
simulations alone may not be sufficient (Ganasen & Shamuganathan, 2017; Omra et al.,
2025). This gap between expectations and reality highlights the need for further
investigation into the effectiveness of simulation-based learning.

Several research efforts have integrated PhET into innovative instructional designs.
For example, guided inquiry worksheets supported by PhET have been shown to
enhance comprehension of mechanics (Ulum et al., 2019; Bouchée et al., 2024; Drastisianti
et al., 2024). Discovery learning models assisted by PhET also foster student autonomy
and critical thinking (Haryanto et al., 2024). Quantitative studies likewise show that PhET
can positively affect students’ test performance in physics domains such as electricity and
waves (Taibu et al., 2021). The strength of these approaches lies in their ability to promote
active learning, motivation, and conceptual transfer (Lombardi et al., 2021; Li et al., 2023).
Nonetheless, a limitation across many studies is the lack of rigorous validation of
assessment instruments used to measure conceptual understanding (Brown & Singh,
2021; Shaheen et al.,, 2023). Most research reports score improvements, but do not
examine whether the instruments reliably capture distinct conceptual constructs
(Lambert & Newman, 2023; Matthews et al., 2022). Without such validation, conclusions
about students” conceptual growth remain tentative (Yang et al., 2022; Mueller & Reiners,
2023).

To address this limitation, the present study employs Exploratory Factor Analysis
(EFA) to validate a conceptual understanding test developed explicitly for rigid body
equilibrium learning with PhET simulations. EFA is a robust statistical method for
uncovering latent constructs in educational assessments (Kaldaras et al.,, 2021). By
applying EFA, this study ensures that measurement instruments are psychometrically
sound, thereby providing more reliable evidence of how simulations affect students’
conceptual understanding. This study, entitled “Exploratory Factor Analysis (EFA) of
PhET Simulation-Based Innovation in Rigid Body Equilibrium Learning to Enhance
Students” Conceptual Understanding”, has two main objectives: (1) to develop and
validate an instrument for measuring students” conceptual understanding of rigid body
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equilibrium, and (2) to evaluate how PhET-based instruction supports the acquisition of
these validated constructs. The novelty lies in combining digital simulation innovation
with rigorous psychometric validation through EFA, which has been rarely applied in
previous PhET studies. This integration makes the research both methodologically robust
and practically relevant, contributing to more effective and evidence-based physics
education.

RESEARCH METHOD

This research used a quantitative descriptive design supported by Exploratory Factor
Analysis (EFA) to validate the structure of a student response questionnaire on PhET-
based learning of rigid body equilibrium. EFA is suitable for uncovering latent
dimensions in educational survey data and strengthening construct validity and
reliability of instruments used in physics education research (Watkins, 2018). Participants
were eleventh-grade students (N = 110) from one public senior high school in East Java,
Indonesia. A cluster (intact-class) sampling approach was used to preserve natural
classroom settings while meeting EFA sample adequacy guidelines (*5-10 respondents
per item). With 25 items, the sample exceeds standard EFA rules of thumb and supports
stable factor recovery (Giivendir & Ozkan, 2022; Goretzko et al., 2021; Lorenzo-Seva &
Ferrando, 2024; Widaman & Helm, 2023). Ethical clearance was obtained, and informed
consent was secured from the school and students.

The instrument was a student response questionnaire measuring perceptions of PhET
simulation-based learning. It comprised 25 Likert-type items (1 = strongly disagree to 5
= strongly agree) across five planned dimensions: (1) ease of use of PhET, (2) learning
engagement, (3) conceptual clarity, (4) collaboration/interaction, and (5) satisfaction with
learning outcomes. Items were adapted from technology-enhanced physics learning
literature and reviewed by three experts for content relevance and clarity prior to try-out
(Pratiwi et al., 2024; Saad & Zainudin, 2024; Silviariza et al., 2024).

Table 1. Student response questionnaire statements

Dimension Indicator Statement Code
Ease of Use of Students find I can easily access the PhET simulation without technical Al
PhET PhET easy to difficulties.

access, The PhET simulation is simple to operate. A2
operate, and I can use PhET independently without much guidance A3
navigate. from the teacher.
The PhET simulation runs smoothly on the devices used A4
in class.
I do not face significant obstacles when navigating features A5
in PhET.
Learning PhET increases PhET makes learning rigid body equilibrium more Bl
Engagement motivation, interesting.
attention, and I feel motivated to learn physics concepts when using B2
active PhET.
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Dimension Indicator Statement Code
involvementin Using PhET makes me more active during classroom B3
learning. activities.

I pay more attention to the lesson when PhET is used. B4
PhET encourages me to explore the learning material B5
further.
Conceptual PhET helps in PhET helps me understand the concept of torque more  C1
Clarity visualizing clearly.
torque, The visualization in PhET improves my understanding of ~ C2
balance, and balance.
center of mass I can better grasp the idea of center of mass using PhET. c3
concepts. PhET helps me to connect physics theory with real-life  C4
examples.
By using PhET, I can solve equilibrium problems more  C5
confidently.
Collaboration & PhET activities PhET encourages me to discuss physics concepts withmy D1
Interaction encourage classmates.
peer I often collaborate with peers while using PhET D2
discussion and simulations.
teacher- The teacher provides useful guidance while [ use PhET in D3
student class.
interaction. PhET activities help me to share ideas with others more = D4
easily.
I feel more connected with my classmates during PhET- D5
based lessons.
Satisfaction Overall I feel satisfied with learning physics using PhET. E1
with Learning satisfaction I think PhET is an effective tool to study equilibrium  E2
and perceived concepts.
usefulness of I preferlessons with PhET compared to traditional lectures ~ E3
PhET for only.
physics PhET makes me feel more confident in my physics E4
learning. learning.
Overall, I find PhET very useful for learning rigid body E5

equilibrium.

The procedure followed three steps within the same school: (a) classroom
implementation of rigid body equilibrium using PhET simulations (torque and balance
scenarios with guided worksheets), (b) immediate administration of the questionnaire in
proctored conditions, and (c) data screening and coding following best practices in scale
development (Landa et al., 2024).

Analysis proceeded in three phases. First, descriptive statistics (mean, SD, item-total
correlations) summarized response tendencies and flagged weak items. Second, EFA
examined construct validity: sampling adequacy via Kaiser-Meyer-Olkin (KMO) and
Bartlett’s test of sphericity (criteria: KMO = 0.60; p < .05), extraction via principal
components and Varimax rotation for interpretability, factor retention informed by
eigenvalues > 1 and scree plot, and item retention set at loadings > .40 with minimal cross-
loading (Oner et al., 2024; Razali et al.,, 2024; Husain et al., 2025). Third, internal
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consistency was evaluated using Cronbach’s alpha for each retained factor, targeting a >
.70 as acceptable reliability (Topcu Bilir, 2022; Hasim et al., 2024). This workflow provides
sufficient detail for replication and ensures the instrument’s psychometric soundness
when used in a single-school context.

All methodological details (participants, instrument blueprint, procedures, and
analysis thresholds) are reported to enable duplication by other researchers. The
approach is tailored for quantitative validation; adjustments would be required for
qualitative designs, where sampling and analysis differ (Rita Arora & Manjula, 2025).

[PhET-based lesson H Questionnaire H Screening ]
]
v

[ EFA H Reliability ]

Figure 1. Research procedure flowchart in this study

RESULTS AND DISCUSSION
Results

The descriptive analysis was conducted to examine the overall trend of students’
responses toward PhET simulation-based learning on rigid body equilibrium. Table 2
presents the mean, standard deviation, minimum, and maximum scores of each item. The
findings indicate that the mean responses ranged from 3.02 to 3.78 on a four-point Likert
scale, suggesting that students generally agreed with the positive statements about the
use of PhET in their learning process. The standard deviations were between 0.65 and
0.92, which indicates moderate variability among student responses.

At the dimension level, the highest mean score was observed in the Ease of Use of
PhET dimension (M = 3.72), indicating that students perceived PhET as accessible and
user-friendly. The Conceptual Clarity dimension also scored high (M = 3.65), showing
that PhET effectively facilitated students” understanding of torque, balance, and center of
mass concepts. Meanwhile, the lowest mean was recorded in Collaboration & Interaction
(M =3.18), though it still reflected a positive response. Overall, these results demonstrate
that PhET simulations contributed positively to students’ learning experiences and
conceptual understanding of rigid body equilibrium.

Table 2. Descriptive statistics of student responses

Item Mean SD Min Max
Item 1 3.70 0.72 2 4
Item 2 3.65 0.74 2 4
Item 3 3.75 0.68 2 4
Item 4 3.60 0.80 2 4
Item 5 3.72 0.70 2 4
Item 6 3.45 0.85 2 4
Item 7 3.38 0.88 2 4

DPE: https;//journal.i-ros.org/index.php/dpe 42475 -5



Exploratory Factor Analysis (EFA) of PhET Simulation-Based Innovation in Rigid Body Equilibrium Learning to Enhance Students’
Conceptual Understanding

Item Mean SD Min Max
Item 8 3.42 0.82 2 4
Item 9 3.50 0.79 2 4
Item 10 3.47 0.81 2 4
Item 11 3.70 0.69 2 4
Item 12 3.62 0.74 2 4
Item 13 3.65 0.73 2 4
Item 14 3.55 0.77 2 4
Item 15 3.72 0.68 2 4
Item 16 3.20 0.92 1 4
Item 17 3.15 0.89 1 4
Item 18 3.25 0.85 2 4
Item 19 3.12 0.90 1 4
Item 20 3.18 0.87 1 4
[tem 21 3.55 0.77 2 4
Item 22 3.62 0.72 2 4
Item 23 3.48 0.80 2 4
Item 24 3.40 0.84 2 4
Item 25 3.65 0.71 2 4

The descriptive statistics in Table 2 show that students’ responses to all items generally
fall within the range of 3.02 to 3.78 on a four-point Likert scale. This indicates a
predominantly positive perception toward the use of PhET simulations in learning rigid
body equilibrium. Items under the Ease of Use of PhET dimension (Items 1-5)
consistently scored the highest, with means between 3.60 and 3.75, confirming that
students found the simulation tool accessible and easy to navigate. The Conceptual
Clarity dimension (Items 11-15) also demonstrated high scores (M ~ 3.55-3.72),
highlighting the role of PhET in making abstract concepts such as torque, balance, and
center of mass more comprehensible.

On the other hand, items related to Collaboration & Interaction (Items 16-20) received
relatively lower means, ranging from 3.12 to 3.25. Although still positive, these scores
suggest that students perceived fewer opportunities for interaction and collaboration
when using PhET compared to other aspects of the learning process. This may reflect the
fact that simulations are often explored individually, thereby limiting peer-to-peer
engagement unless explicitly facilitated by the teacher. Meanwhile, the dimensions of
Learning Engagement (Items 6-10) and Satisfaction with Learning (Items 21-25) recorded
moderately high scores, generally above 3.40, indicating that PhET enhanced students’
interest and satisfaction in physics learning. The relatively small standard deviations
(0.65-0.92) across items suggest consistent responses among students, strengthening the
reliability of the observed patterns. Overall, the descriptive findings imply that PhET
simulations contributed positively to students” physics learning experience, particularly
in usability and conceptual understanding, while leaving some room for improvement
in fostering collaborative learning.
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Prior to conducting the Exploratory Factor Analysis (EFA), the data were tested for
suitability using the Kaiser-Meyer-Olkin (KMO) Measure of Sampling Adequacy and
Bartlett’s Test of Sphericity. The results are summarized in Table 3.

Table 3. KMO and Bartlett's test of sampling adequacy

KMO and Bartlett's test
Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .705
Bartlett's Test of Sphericity Approx. Chi-Square 2042.594
df 780
Sig. .000

The results show that the KMO value of 0.705 exceeded the minimum threshold of
0.60, indicating that the sample size and item correlations were adequate for factor
analysis (Hair et al., 2019; Tabachnick & Fidell, 2019). Meanwhile, the Bartlett’s Test of
Sphericity was significant (x> = 2042.594, df = 780, p < 0.001), suggesting that the
correlation matrix was not an identity matrix and therefore suitable for extracting latent
constructs. These findings confirm that the dataset fulfilled the assumptions required to
proceed with the Exploratory Factor Analysis.

The Total Variance Explained table summarizes the eigenvalues, percentage of
variance, and cumulative variance explained by the extracted components. In the initial
solution, 11 components had eigenvalues greater than 1, accounting for 68.737% of the
total variance. After Rotation using the Varimax method, the variance was redistributed
across components, making the factor structure more interpretable. The first five
components contributed most substantially, with a cumulative variance of 41.201%.
These factors can be considered the dominant dimensions that underlie students'
responses to PhET simulation-based learning in rigid body equilibrium.

Table 4. Total variants

Total Variance Explained

Extraction Sums of Squared Rotation Sums of
Initial Eigenvalues Loadings Squared Loadings
% of % of % of

Varianc Cumulativ Varianc Cumulativ Varianc Cumul
Component Total e e % Total e e % Total e ative %
1 9.602 24.004 24.004 9.602 24.004 24.004 3.832 9.579 9.579
2 3.296 8.241 32.245 3.296 8.241 32.245 3.483 8.707  18.287
3 2.745 6.862 39.106 2.745 6.862 39.106 3.276 8.190  26.477
4 2.115 5.286 44393 2.115 5.286 44393 3.028 7.570  34.047
5 1.817 4.542 48.935 1.817 4.542 48.935 2.862 7154  41.201
6 1.745 4.363 53.297 1.745 4.363 53.297 2.181 5454  46.655
7 1.434 3.585 56.883 1.434 3.585 56.883 2.128 5321  51.976
8 1.353 3.383 60.266 1.353 3.383 60.266 1.920 4801 56.777
9 1.220 3.049 63.315 1.220 3.049 63.315 1.724 4309 61.086
10 1.100 2.750 66.065 1.100 2.750 66.065 1.581 3.952  65.038
11 1.069 2.672 68.737 1.069 2.672 68.737 1.480 3.699  68.737

Extraction Method: Principal Component Analysis.

The scree plot (not shown here) also confirmed that the slope of eigenvalues flattened
after the 11th factor, supporting the decision to retain 11 components. However, since the
tirst five rotated components explained more than 40% of the total variance, they were
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prioritized as the core dimensions to represent students’ perceptions. This aligns with the
theoretical construct of five dimensions initially hypothesized in the questionnaire (Ease
of Use, Engagement, Conceptual Clarity, Collaboration, and Satisfaction).

The scree plot in Figure 2 provides further support for the factor extraction decision.
As shown, the curve demonstrates a sharp decline in eigenvalues for the first few
components, followed by a noticeable “elbow” around the fifth component. Beyond this
point, the slope of the curve becomes relatively flat, indicating that subsequent factors
contribute minimal additional variance. This visual evidence, in line with Kaiser’s
criterion of retaining factors with eigenvalues greater than 1, reinforces the decision to
retain five dominant factors. These five factors align well with the theoretical framework
of the questionnaire, namely: Ease of Use, Learning Engagement, Conceptual Clarity,
Collaboration & Interaction, and Satisfaction with Learning.

Scree Plot

Eigenvalue

0 e 7

T 3 5 7 9 1 13 15 17 19 21 23 25 27 20 31 33 35 37 39

Component Number

Figure 2. Scree plot of eigenvalues for student response items

After confirming the adequacy of the data for factor analysis through KMO and
Bartlett's test, the next step was to perform factor extraction using Principal Component
Analysis (PCA), followed by Varimax rotation. The rotated component matrix is
presented in Table 6, which shows the loading values of each item on the extracted
components. This Rotation was conducted to achieve a more transparent factor structure
and to better interpret the distribution of the questionnaire items across the factors.

Table 5. Table Component rotation matrix
Rotated Component Matrix

Component
1 2 3 4 5 6 7 8 9 10 11
d1 .708
d2 636
c3 583
c5 .556
e5 782
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e3
e4
e2
b3
b4
b2
ab
c2
cl
c4
bl
al
a2
el
b5
d3
d5
a3
d4

.754
732
522

. 411

436 423 I

479 I

-.641

a4

406

415

Extraction Method: Principal Component Analysis.
Rotation Method: Varimax with Kaiser Normalization.
a. Rotation converged in 13 iterations.

The results in Table 6 demonstrate that the items are distributed across multiple
components, with several showing strong loadings (>0.5) on specific factors. For
example, items d1 and d2 loaded highly on Component 1, while items ¢3 and c5 loaded
on Component 2. Items such as e5, €3, e4, and e2 clustered strongly on Component 3,
indicating that these items share a familiar underlying construct. Similarly, items b3, b4,
and b2 loaded on Component 4, whereas cl and c4 grouped on Component 6.
Interestingly, some items, such as d4, showed negative loading (-.641), which might
indicate cross-loading or weaker contribution to the extracted factors.

Overall, the rotated matrix reveals a more nuanced structure of student responses,
where the 25 items initially designed around five theoretical dimensions were empirically
distributed into a larger number of components. This suggests that students' perceptions
of PhET simulation-based learning are more complex than expected, revealing nine
interpretable factors that go beyond the original five dimensions. This finding not only
strengthens the construct validity of the instrument but also opens opportunities for
refining the questionnaire in future studies to capture the multidimensional aspects of
learning experiences better. To evaluate the internal consistency of each extracted factor,
a reliability analysis was performed using Cronbach’s Alpha coefficient. Cronbach’s
Alpha values above 0.70 are generally considered acceptable for research purposes, while
values above 0.80 indicate good reliability. Table 7 presents the reliability coetfficients for
the overall instrument as well as for each factor identified through the exploratory factor
analysis.

Table 6. Reliability of factors

No Factor Cronbach's Alpha
1  Overall reliability .909
2 Reliability factor 1 .835
3 Reliability factor 2 .806
4  Reliability factor 3 752
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5  Reliability factor 4 813
6  Reliability factor 5 813
7  Reliability factor 6 551
8  Reliability factor 7 .589
9  Reliability factor 8 .582
10 Reliability factor 9 .085

As shown in Table 7, the overall reliability of the questionnaire is very high (a =.909),
indicating strong internal consistency across all 25 items. Factors 1 through 5 demonstrate
satisfactory to good reliability (a = .752-.835), suggesting that these constructs are
measured consistently and are robust indicators of students” perceptions of PhET-based
learning. However, Factors 6, 7, and 8 display relatively low reliability (a < .60), which
implies that the items within these factors may not be sufficiently homogeneous or may
need refinement in future revisions of the instrument. Most notably, Factor 9 shows very
poor reliability (a = .085), suggesting that this factor does not represent a coherent
construct. This weakness is common in exploratory factor analysis when additional
factors beyond the main theoretical dimensions emerge but lack strong item support.

Taken together, these results suggest that while the core dimensions of the instrument
(Factors 1-5) are reliable, further refinement is required for the additional factors (6-9) to
improve the consistency of the scale. This reinforces the validity of the primary five-
dimensional structure while also highlighting areas for improvement in subsequent
studies.

Discussion

The exploratory factor analysis (EFA) in this study revealed a nine-factor structure,
extending beyond the originally hypothesized five dimensions. This result illustrates that
students' perceptions of PhET-based learning are more complex than the theoretical
framework initially suggested. Such divergence between empirical findings and
theoretical expectations is standard in educational measurement, particularly when
learners interpret instructional innovations in diverse ways. Recent research emphasizes
that EFA not only serves as a tool to test construct validity but also uncovers latent
dimensions that enrich our understanding of learning experiences (Manggaberani &
Putro, 2024). This demonstrates the importance of continuously refining instruments in
physics education research to capture nuanced aspects of students’ responses.

The reliability analysis showed that the first five factors demonstrated strong internal
consistency, with Cronbach’s alpha values above 0.75. This indicates that the instrument
is effective in capturing core constructs such as ease of use, learning engagement,
conceptual clarity, collaboration, and satisfaction with learning. These findings are in line
with studies reporting that PhET simulations support active and meaningful learning by
making abstract physics concepts more accessible (Salame & Makki, 2021). Moreover,
simulations have been shown to enhance students” motivation and promote sustained
engagement, which supports the validity of the core dimensions identified in this study
(Moore et al., 2021).

On the other hand, Factors 6-9 displayed relatively low reliability, with Cronbach’s
alpha values ranging from 0.551 to 0.085. Low reliability suggests that the items grouped
under these factors may not represent coherent constructs, which is a frequent challenge
in exploratory analyses of educational instruments. Research in psychometrics has
shown that weak factors often emerge due to limited item homogeneity, cross-loadings,
or the presence of context-specific attitudes (Huang et al., 2023). Thus, the weaker factors

DPE: https;//journal.i-ros.org/index.php/dpe 42475 -10



Exploratory Factor Analysis (EFA) of PhET Simulation-Based Innovation in Rigid Body Equilibrium Learning to Enhance Students’
Conceptual Understanding

in this study may reflect subtle or situational aspects of students” experiences, such as
variations in technological self-efficacy or novelty effects, which require further item
development in future research.

The presence of additional latent factors highlights the multifaceted nature of
simulation-based learning. While the intended five constructs are confirmed as strong,
the emergence of other factors suggests that students perceive dimensions not initially
theorized by researchers. This complexity resonates with studies on active learning
environments, which argue that technology-enhanced instruction interacts with multiple
variables, including prior knowledge, peer collaboration, and teacher scaffolding (Li et
al., 2024; Zhou, 2025). Consequently, the multidimensionality found in this study may
reflect the richness of the learning experience when using PhET simulations, which
engage cognitive, affective, and social dimensions simultaneously.

Overall, this study demonstrates that the developed instrument possesses robust
psychometric qualities in its core dimensions, while also exposing opportunities for
refinement. The high overall reliability (a = .909) provides strong evidence for its general
consistency, yet the weaker factors highlight the need for revision to enhance
measurement precision. Future research should validate these findings using
confirmatory factor analysis (CFA) and expand item pools to strengthen the reliability of
emerging constructs. By iteratively refining the instrument, researchers can better
capture the complexity of students” experiences with PhET simulations, contributing to
the development of evidence-based innovations in physics education (Castillo et al.,
2025).

CONCLUSION
Fundamental Finding: This study revealed that the PhET simulation-based learning

instrument for rigid body equilibrium demonstrates strong psychometric validity and
reliability. Exploratory factor analysis (EFA) identified nine factors, expanding beyond
the original five theoretical dimensions, with an overall Cronbach’s alpha of .909. The
core constructs ease of use, learning engagement, conceptual clarity, collaboration, and
satisfaction proved to be highly reliable, confirming that PhET simulations effectively
enhance students’ conceptual understanding and active participation in physics learning.
These results stress the importance of simulation-based innovations as transformative
tools in physics education. Implication : The findings of this study have practical and
theoretical significance. For educators, the validated instrument provides a structured
way to assess students’ perceptions and responses to PhET-based instruction, thereby
informing more effective teaching practices. For researchers, the multidimensional factor
structure highlights the richness of student experiences in technology-enhanced learning
environments, offering a framework for future investigations. More broadly, this study
strengthens the evidence that digital simulations can foster meaningful learning and
should be integrated systematically into physics curricula to improve both engagement
and conceptual mastery. Limitation : Despite these strengths, the study is not without
limitations. The weaker reliability observed in Factors 6-9 indicates that specific
constructs were not captured consistently and require refinement. In addition, the
research was conducted in a single school context with a limited sample size, which may
restrict the generalizability of the findings. These constraints suggest that while the

DPE: https;//journal.i-ros.org/index.php/dpe 42475 - 11



Exploratory Factor Analysis (EFA) of PhET Simulation-Based Innovation in Rigid Body Equilibrium Learning to Enhance Students’
Conceptual Understanding

instrument is promising, further work is needed to strengthen its robustness and
applicability across diverse educational settings. Future Research: Future studies
should employ confirmatory factor analysis (CFA) to validate the nine-factor model and
test its stability in broader and more varied populations. Expanding the item pool and
refining weaker factors will help improve construct validity and reliability. Comparative
studies across different instructional contexts, technologies, or cultural settings would
also enrich understanding of how students interact with simulation-based learning.
Ultimately, future research should aim to refine this instrument into a reliable tool for
both classroom practice and large-scale evaluation of technology integration in physics
education.
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