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ABSTRACT

PhET (Physics Education Technology) is a widely recognized virtual simulation tool for teach-
ing physics. Its integration in classroom instruction facilitates the understanding of abstract
concepts, supports the development of innovative ideas, and enables experimentation that
is often difficult to achieve in traditional settings. However, existing studies have reported
mixed results regarding its effectiveness. To address this, a meta-analysis was conducted on
47 effect sizes extracted from 20 empirical studies published between 2018 and 2023, with
a combined sample of 4,563 students across experimental and control groups. The findings
indicate that PhET simulations significantly positively impact physics education, with a large
overall effect size (d = 0.83) compared to traditional approaches. Subgroup analyses further
reveal differential effects across educational levels, physics domains, performance outcomes,
and learning modes (offline vs. online). These findings demonstrate that PhET simulations
significantly enhance physics learning outcomes, particularly at the secondary level and
in abstract domains such as electricity and waves. The results highlight that effectiveness
is shaped by instructional context and learner characteristics, underscoring the need for
targeted integration strategies in both online and offline classrooms.

KEYWORDS
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1  INTRODUCTION

Physics learning is learning related to all human activities in everyday life [1].
That is why students already have many relevant experiences with physics learning
before learning formally in a school environment [2]. They already interact with the
physical world and talk about the world of physics as a discourse in everyday life [3].
In addition to providing convenience to students, it does not slightly influence the
conceptions in students’ thinking due to the experiences and prior knowledge that
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students bring [4]. It causes learners to experience misconceptions due to holding
firm and using the wrong initial understanding to solve problems [5].

Additionally, physics education is widely regarded as challenging due to the
abstract nature of the material, the necessity for precise problem-solving abilities,
and a strong foundation in math skills [6]. One factor contributing to students’
struggles with comprehending physics material is the need for more emphasis on
the active role of students in their learning. A practical learning approach should
establish an environment that fosters students’ understanding of scientific concepts
and processes [7]. It can be achieved by providing learning experiences through
laboratory experiments, an essential element in the educational process to enhance
active roles and support student understanding [8]. However, several challenges
that prevent laboratory experiments have been identified, such as lack of informa-
tion resources, experimental limitations, and safety concerns [9].

The current growth of information and communication technology (ICT) can
bridge the gap between teaching and learning processes [7], [10]. PhET (Physics
Education Technology) is one of the virtual simulations that facilitates learning
physics [11]. PhET virtual simulations help educators facilitate the learning of
abstract physics concepts, help students develop powerful ideas, and conduct explo-
rations that are usually not possible in the classroom [12], [13]. Integrating PhET in
classroom instruction can aid in establishing a framework for scientific comprehen-
sion and is an impactful tool for improving student performance [14].

Several studies have revealed the positive effects of using PhET in education.
Researchers have identified that the use of PhET has a significant impact on physics
learning, including increased motivation [15], critical thinking skills [16], academic
achievement [17], and student interest [18]. However, some other researchers have
revealed adverse effects of using PhET in physics education, where students’ attitudes
towards physics decreased [19], and no improvement was found in motivation for
self-efficacy and performance goals [12]. The diverse and sometimes contradictory
results reported in previous studies highlight a critical gap in our understanding of
the true impact of PhET simulations in physics education. With a comprehensive
synthesis of these findings, educators and policymakers can make informed deci-
sions about integrating PhET into the curriculum.

This study aims to address such gaps by conducting a meta-analysis to investigate
the overall effectiveness of PhET simulations in improving students’ physics learning
performance. Specifically, this study aims to answer two main research questions:

e RQ1.How do PhET simulations affect students’ physics learning?
e RQ2. What factors will likely influence the outcomes of PhET simulations in phys-
ics education?

By synthesizing existing research and identifying critical moderating variables,
this study can provide more explicit guidance on using PhET simulations and
enhance the physics learning experience. The results of this study are expected to
make significant contributions to both academic research and practical applications
in the field of physics education.

2  THEORETICAL AND EMPIRICAL BACKGROUND

PhET is an interactive virtual simulation developed by the University of Colorado
that connects real-world phenomena with underlying scientific principles [20], [21].
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Initially designed for physics, PhET has since expanded to chemistry, mathematics,
and earth sciences, providing students with opportunities to visualize, manipulate,
and experiment with abstract concepts often difficult to grasp through traditional
teaching [22], [23]. By engaging students in exploration and inquiry, PhET promotes
phases of learning that include remembering, analyzing, evaluating, and creating,
thereby supporting a deeper conceptual understanding and creativity in science
learning [11], [24].

Empirical studies consistently show that PhET contributes positively to student
outcomes in physics education. Its use has been linked to improvements in concep-
tual understanding [25], higher-order thinking skills [23], learning motivation [14],
and scientific creativity [24]. Research also highlights its benefits across different
instructional models such as collaborative creativity learning [24], scaffolding
approaches [26], problem-based learning [27], and discovery learning [28]. However,
these advantages are strongly mediated by instructional design and teacher exper-
tise. Studies have emphasized that the quality of integration, such as structured
worksheets and appropriate scaffolding, plays a central role in ensuring effective
learning outcomes [29].

Despite its promise, PhET’s impact is not uniformly positive. Some studies have
reported no significant improvement in students’ motivation or self-efficacy [12],
while others noted a decline in students’ attitudes toward physics [19]. These con-
trasting results underscore the importance of pedagogical context and highlight the
need for clearer implementation guidelines and teacher training in simulation-based
instruction [22], [29]. The open-ended nature of PhET also contributes to variability
in outcomes, since community-generated teaching resources often differ in struc-
ture and pedagogical quality [30].

Meta-analytic research on virtual simulations, including PhET, remains limited.
For example, Chotimah and Festiyed [31] found positive effects of PhET-assisted
worksheets on high school physics outcomes. However, they did not employ stan-
dardized procedures such as PRISMA, nor did they address potential publication
bias, issues that may affect the reliability of their findings [32], [33]. By contrast,
Antonio and Castro [34] applied more rigorous methods, including effect size cal-
culation and publication bias analysis, and confirmed the positive impact of virtual
simulations on student achievement. However, their study mainly focused on sec-
ondary school contexts and covered a broader range of simulations beyond PhET.

Given these gaps, the present study systematically examines the effectiveness of
PhET simulations in physics education through a comprehensive meta-analysis. By
synthesizing empirical evidence across diverse contexts and identifying potential
moderating variables, this study seeks to provide robust insights that can inform
both theoretical understanding and practical application of PhET in improving
students’ physics learning outcomes.

3  METHODS

The objective of this study was to conduct a meta-analysis in order to system-
atically review and synthesize the findings from relevant research articles pub-
lished between 2018 and 2023. The objective was to evaluate the impact of PhET
simulations on physics education. To ensure the collection of a comprehensive
and inclusive set of pertinent literature, a comprehensive search was conducted
in a range of renowned databases [35], including Scopus, PubMed, Google Scholar,
Taylor & Francis, Wiley Online Library, ScienceDirect, and ERIC. These databases
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were selected for their comprehensive collections of academic publications across
various disciplines, ensuring the inclusion of diverse and relevant studies.

The search strategy involved the use of specific keywords to identify articles
related to the use of PhET simulations in physics education. The keywords utilized
for the article search were “PhET” AND “Physics” AND (“education” OR “learning”
OR “teaching”). The keywords were applied to both the titles and abstracts of the arti-
cles in order to maximize the retrieval of relevant studies. The inclusion of both titles
and abstracts in the search increased the likelihood of identifying all pertinent litera-
ture, thereby capturing studies that explicitly mentioned the use of PhET simulations
in the context of physics education.

3.1 Eligibility criteria

To be eligible for inclusion in the meta-analysis, studies had to (1) examine the
impact of PhET simulations on learning physics, (2) be written in English, (3) use
an experimental, quasi-experimental, or mixed-methods pre/post-experimental
research design, and (4) provide complete data suitable for meta-analysis. Studies
were excluded if they (1) focused only on PhET simulations without educational
references, (2) were not written in English, (3) were categorized as review studies,
(4) were published in conference proceedings, (5) did not focus on physics, or
(6) lacked the required primary data, such as sample size, mean, and standard
deviation.

3.2 Selection process

The data collection process was coordinated using the online systematic review
management program Covidence (www.covidence.org), which enables multiple
authors to independently conduct systematic review procedures, resolve conflicts,
and track progress. At each stage of the study screening, inclusion and exclusion cri-
teria selection, and data extraction, two authors independently piloted the suggested
process on ten papers, then discussed the outcomes to assess agreement, refine the
process, and ensure methodological consistency. Once the final methodology was
agreed upon, it was entered into Covidence and applied to all the articles. The selec-
tion of studies proceeded through several stages: (1) removing duplicates, where
one author used Covidence to eliminate clear duplicate articles and a second author
manually verified the results for accuracy; (2) removing irrelevant articles, where
one author excluded studies not meeting the inclusion criteria (e.g., not related to
physics or PhET; see section 3.3), and a second author rechecked the decisions, with
any discrepancies resolved through discussion, all within Covidence; (3) determin-
ing potentially relevant articles, where two authors independently screened titles
and abstracts in Covidence, compared results, and resolved conflicts through dis-
cussion, with uncertain cases retained for full-text review or, if necessary, referred
to a third author; and (4) conducting a full-text review for eligibility compliance,
where two authors independently assessed the articles using the inclusion criteria,
documented reasons for exclusion, and resolved conflicts through discussion or, if
needed, consultation with a third author. The final list of eligible and excluded stud-
ies was then compiled, cross-checked with references from included studies and
systematic reviews on similar topics, and discussed with the entire authorship group
to ensure alignment and consensus.
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3.3 Screening process

This study used the PRISMA guidelines to improve the quality of the meta-
analysis [36]. We identified 3245 articles from databases. Prior to screening, the
automation tool identified and removed 132 duplicate articles. Additionally, we
manually checked and deleted nine duplicate records. We then screened through
3114 remaining records based on the titles and abstracts. We excluded 3050 records
because there was no physics, no PhET simulation/focus on PhET without educa-
tional relevance, conference proceedings, review studies, and not in English. The
62 remaining articles were assessed for eligibility, with 42 studies excluded due to
lack of primary data and no experimental quasi-experimental or mixed-methods
pre/post-experimental studies. After excluding ineligible literature through screen-
ing, we included 20 relevant outcomes in the meta-analysis. All this process is done
using Covidence. Figure 1 shows the specific literature screening process.

3.4 Coding scheme

This meta-analysis utilized a coding scheme to classify and analyze data system-
atically from the selected studies. Following the approach described by Zuo et al. [32],
the researchers initially coded 10% of the included articles (n = 20) to resolve any
inconsistencies in categorization. Through iterative discussions, a consistent cod-
ing framework was established. The final scheme included four categories: grade
level, physics subject matter, types of effects of PhET simulation on learning, and
learning modes.

Before screening:
. . * Duplicated records removed by
Records identified from databases (n=3245)  ——> automation tools (n=132)

* Duplicated manual checking (n=9)

Identification

Articles exclude (n=3050)

Reasons:
No Physics

Records Screened based on title and * No PhET simulation/focus on PhET

abstract(n=3114) without educational relevance

Conference Proceedings

» Review studies

* No English

screening

Y Full-text articles exclude (n=42)
Reasons:
Full-Text articles assessed for eligibility (n=62) ——|* Lacked the required primary data

» No experimental or quasi-experimental
or mixed-methods pre/post-experimental
studies

Eligibility

Studies include in meta-analysis (n=20)

Include

Fig. 1. Diagram of the literature screening process
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The first category, grade level, classified the studies based on the participants’ edu-
cational levels, including elementary school, junior high school, senior high school,
and college students. This categorization provided insights into how the effects of
PhET simulations varied across different age groups and educational contexts.

The second category, physics subject matter, identified the specific topics
addressed in the studies, such as electrostatics, oscillations, waves and optics, electro-
dynamics, the greenhouse effect, and physical changes. This classification ensured
a clear understanding of the physics content where PhET simulations were applied.

The third category, types of effects of PhET simulation on learning, referred to
measurable impacts, including achievement, attitude, motivation, critical and cre-
ative thinking, and science process skills. These categories were derived from the
original studies, ensuring consistency in definitions and alignment with existing lit-
erature. For instance, some studies measured achievement using pre- and post-tests
aligned with curriculum standards. In contrast, others assessed attitudes and moti-
vation using validated questionnaires such as the Physics Attitude Scale (PAS) [37] or
the Students’ Motivation Towards Science Learning (SMTSL) [12].

The fourth category, learning modes, categorized studies based on whether
PhET simulations were used in online or offline learning environments. This dis-
tinction provided insights into how the mode of implementation influenced learn-
ing outcomes.

3.5 Effectsize and heterogeneity

We use a random effects model to generate the effect size. Then, we interpret the
value based on the theory of Cohen’s d, where d < 0.20, d > 0.20, d > 0.50, and d > 0.80
classify the effect sizes as no effect, small, medium, and large [38]. The effect size
value is obtained from the standardized mean difference (d) generated using the
Cochrane Collaboration’s statistical software, Review Manager (RevMan) 5.4.

We calculated the Q-value (Chi?) and the I? statistic to assess heterogeneity among
the studies. A Q-value higher than the critical value of 32.671 (with 21 degrees of free-
dom at the 95% confidence interval) and a p-value less than 0.05 indicate significant
heterogeneity, supporting using a random effects model [39]. The random effects
model claims that the effect size may vary due to moderator variables such as level,
so it can estimate and generalize the effect size to a larger population even though the
study does not have the same functionality. The I? value was also examined to quan-
tify heterogeneity, with values of approximately 25% indicating low heterogeneity,
50% indicating medium heterogeneity, and 75% indicating high heterogeneity [39].

3.6 Publication bias

To ensure the accuracy of the calculation outcomes, we employed a funnel plot
to test for publication bias, as recommended by Egger et al. [40]. Publication bias
occurs when the results of published studies are systematically different from the
results of all completed studies on a given topic. This bias can arise due to several
factors, including the tendency to publish studies with positive results over those
with negative or null results [41]. Detecting publication bias is crucial as it can sig-
nificantly skew the results and conclusions of a meta-analysis.

The funnel plot was created using RevMan 5.4. A funnel plot is a scatter plot of
the effect sizes estimated from individual studies (on the x-axis) against a measure
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of study precision, typically the standard error (on the y-axis). In the absence of pub-
lication bias, the plot should resemble a symmetrical inverted funnel because larger
studies with more precise estimates will cluster around the true effect size at the top,
while smaller studies will spread out at the bottom due to greater variability [32].

4  RESULTS

During the initial search of the literature, a total of 3,245 articles were identi-
fied. However, with the implementation of strict selection processes, only 20 of
those articles were deemed eligible for inclusion in the meta-analysis. Notably,
some articles reported multiple independent findings. For example, the study by
Abou Faour and Ayoubi [37] presented four separate findings from experimental
settings. Consequently, the meta-analysis incorporated 47 independent effect sizes
from these 20 articles. The combined sample size of the selected studies consisted
of 4,563 participants divided into control and experimental groups. For a detailed
overview of pertinent data, including the number of studies, grade levels, themes,
subfields of physics, and learning modes (refer to Table 1).

Table 1. Studies included in the meta-analysis

Field Learning Ref

Author (Year) k Grade Levels of Physics Focus Modes

1 | Agyei et al. (2023) 2| Senior high school EL MO Offline | [42]
2 | Afafa et al. (2021) 1 | Senior high school oT CCT Offline | [43]
3 | Al Amri et al. (2020) 2| Senior high school OWo ACH Offline | [44]
4 | Yunzal & Casinillo (2020) 1 | Senior high school ELC ACH Offline [7]
5 | Banda and Nzabahimana (2023) 8 | Senior high school Owo ACH Offline | [12]
6 | Oscar Jayanagara and Chandra 1 | Senior high school ELC ACH Offline | [45]
Lukita (2023)
7 | Saputra et al. (2022) 1 | Senior high school oT CCT Offline | [46]
8 | Yildirim (2020) 1 | Junior high school 0T ACH | Offline | [47]
9 | Ozcan et al. (2020) 1 | elementary GE ACH | Offline | [48]
10 | Ardisa et al. (2022) 1 | Senior high school ELC CCT Offline | [49]
11 | Siantuba et al. (2023) 1 | college oT ACH Online | [50]
12 | Ndihokubwayo et al. (2020) 1 | Junior high school owo ACH | Offline | [51]
13 | Laurence C (2022) 8 | Senior high school PC AC/SP | Online | [52]
14 | Abou Faour and Ayoubi (2018) 4 | Junior high school oT AT Offline | [37]
15 | Ng & Chua (2023) 4 | Junior high school oT AT Online | [19]
16 | Maulani et al. (2020) 1 | Senior high school OT ACH | Offline | [53]
17 | Purfiyansyah et al. (2023) 2| Senior high school OT CCT Offline | [54]
18 | Sylvere and Minani (2023) 1 | Senior high school EL ACH Offline | [55]
19 | Cetinkaya and Kirilmazkaya (2022) | 1 | elementary GE ACH | Offline | [56]
20 | Mesic et al. (2021) 1 | Junior high school oT MO Offline | [57]

Note: Included studies (k), achievement (ACH), attitude (AT), critical and creative thinking skills (CCT),
motivation (MO), science process skills (SP), Electrostatics (EL), Oscillations, Waves, and optics (OWO),
Electrodynamics (ELC), Greenhouse effect (GE), Physical changes (PC), Others (OT).
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4.1 The impact of PhET simulation on physics learning

Figure 2 presents a funnel plot demonstrating the distribution of effect sizes.
The plot shows a generally symmetrical distribution around the mean effect size,
with most effect sizes falling within the expected triangular region. This symmetry
suggests a low level of publication bias, as supported by the distribution of studies
across a range of effect sizes, rather than clustering exclusively around high or low
values. While a few effect sizes fall slightly outside the triangular boundary, this
deviation likely reflects heterogeneity in the included studies rather than systemic
bias. Therefore, the overall conclusions are unlikely to be compromised by publica-
tion bias, consistent with prior analyses that found similar patterns [32].
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Fig. 2. The funnel plot of the effect of PhET simulation on physics learning

Figure 3 summarizes the effect of using PhET simulation in physics learning with
a 95% confidence interval (CI) of 0.61-1.06. The results show that PhET simulation
in physics learning is significantly more effective than learning without PhET simu-
lation, with the effect demonstrated by d of 0.83 and the overall effect size indicated
by Z-value of 7.24 (p < 0.001). Statistical analysis revealed significant heterogeneity
in effect size among the 47 included studies (Chi? = 522.80), classifying it as high
(I? = 92%). These results support the consideration of a random effects model for data
analysis and highlight the significance of identifying any potential moderator vari-
ables through subgroup analysis [32]. The forest plot also highlights the standardized
mean difference (SMD) between the experimental and control groups. If the SMD is
positive, the experimental group performs better on average than the control group.
In this analysis, the overall results favor the experimental group, meaning PhET sim-
ulations generally improve learning outcomes. However, some studies may show
negative SMD values, which indicate that the control group performs better. When
this happens, the forest plot may appear to lean toward “favors control” in certain
parts. This variation shows the importance of analyzing subgroups and considering
specific conditions that might affect the effectiveness of PhET simulations.
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Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD_Total Mean SD_Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Abou Faour & Ayoubi 121 31.28 25 107.48 34.33 25  23% 0.41 [-0.16, 0.97] ]
Abou Faour & Ayoubi-2 38.88 10.95 25 36.08 1243 25 2.3% 0.24 [-0.32, 0.79] —1
Abou Faour & Ayoubi-3 394 11.23 25 3476 11.84 25  23% 0.40 [-0.16, 0.96] ]
Abou Faour & Ayoubi-4 42.72 10.19 25 36.64 10.74 25  23% 0.57 [0.01, 1.14]
Afafa et al 519 212 21 3.91 093 21 2.2% 0.77 [0.14, 1.40] e —
Agyei et al 3.26 0.29 32 267 019 32 22% 2.38[1.73, 3.03] 4
Agyei et al-2 338 0.15 31 252 013 31 1.5% 6.05[4.84, 7.26] 4
Al Amri et al 23.88 3.8 32 1748 445 33 2.3% 1.53[0.97, 2.08] —
Al Anri et al-2 152,13 12.51 32 9891 17.79 32 2.0% 3.42[2.64, 4.20] 4
Ardisa et al 79.45 10.31 32 7427 772 31 2.3% 0.56 [0.06, 1.06] EE—————————
Banda & Nzabahimana 63.85 10.6 144 4722 708 136 25% 1.83[1.55, 2.11] 4
Banda & Nzabahimana-2 3.1 08 144 309 069 136 26% 0.03 [-0.21, 0.26] I —
Banda & Nzabahimana-3 396 059 144 335 085 136 2.6% 0.84 [0.59, 1.08] R —
Banda & Nzabahimana-4 396 0.56 144 329 097 136 2.6% 0.85[0.60, 1.09] I
Banda & Nzabahimana-5 3.16 08 144 3.16 08 136 2.6% 0.00 [-0.23, 0.23] I —
Banda & Nzabahimana-6 427 041 144 427 07 136 26% 0.00 [-0.23, 0.23] I —
Banda & Nzabahimana-7 404 057 144 305 071 136 25% 1.54[1.27,1.81] +
Banda & Nzabahimana-8 353 035 144 3.12 095 136 2.6% 0.58 [0.34, 0.82] .
Getinkaya & Kirilmazkaya 19.37 281 18 1481 6.14 16  21% 0.95[0.24, 1.67) — —
Jayanagara & Lukita 397 0.22 32 3.7 026 40  23% 1.10[0.60, 1.60] —_—
Laurence 3.3 138 30 356 104 30 23% 0.57 [0.05, 1.08) ==
Laurence-2 311 205 30 282 228 30 23% 1.32[0.76, 1.88] ——
Laurence-3 4.7 045 30 46 049 30 2.3% 0.21 [-0.30, 0.72] I
Laurence-4 46 049 30 4.5 0.5 30 23% 0.20 [-0.31, 0.71] —
Laurence-5 4.5 0.5 30 43 048 30  23% 0.40[-0.11,0.91] =
Laurence-6 4.6 0.5 30 4.4 0.5 30 2.3% 0.39[-0.12, 0.91] |
Laurence-7 4.5 0.5 30 43 047 30 23% 0.41[-0.10, 0.92] =
Laurence-8 46 0.5 30 4.5 0.5 30 2.3% 0.20 [-0.31, 0.70] I
Maulani et al 83.11 9.9 45 74.03 10.14 33 24% 0.90 [0.43, 1.37] I —
Mesic et al 10.1 194 20 9.1 229 19 22% 0.46 [-0.17, 1.10] I
Ndihokubwayo et al 10.93 11.03 45 8.73 8.19 45 2.4% 0.22 [-0.19, 0.64] ]
Ng & Chua 3.82 0.99 34 403 094 25  23% -0.21[-0.73, 0.30) —
Ng & Chua-2 429 0.99 34 458 1.04 25 2.3% -0.28 [-0.80, 0.24] —
Ng & Chua-3 428 0.9 34 448 081 25  23% -0.23 [-0.75, 0.29] I
Ng & Chua-4 3.75 0.92 34 3.96 0.8 25 23% -0.24 [-0.76, 0.28] S e
Ozcan et al 1195 273 22 1013 282 23 2.2% 0.64 [0.04, 1.24]
Purfiyansyah et al 80.56 13.72 36 5542 1717 36 23% 1.60[1.07, 2.13] —_—
Purfiyansyah et al-2 60.64 21.45 36 3147 1228 36 23% 1.65[1.11, 2.19] —
Saputra et al 66.75 18.53 32 56.18 16.8 32 23% 0.59 [0.09, 1.09] .
Siantuba et al 50.81 19.81 100 36.73 22.85 7 2.5% 0.66 [0.35, 0.98]
Sylvere & Minani 62.16  9.17 88 4752 843 88 2.5% 1.65[1.31, 2.00] 4
Yildirim 62.9 16.62 31 48.7 17.88 31 2.3% 0.81[0.29, 1.33] - = !
Yunzal & Casinillo 397 0.22 32 343 026 40 22% 2.20[1.60, 2.79] 4
Total (95% CI) 2345 2218 100.0% 0.83 [0.61, 1.06] ‘
Heterogeneity: Tau? = 0.50; Chi? = 522.80, df = 42 (P < 0.00001); I? = 92% r1 -0=.5 3 ois i

Test for overall effect: Z = 7.24 (P < 0.00001) Favours [experimental] Favours [control]

Fig. 3. The forest plot of using PhET simulation in physics learning

4.2 Theimpact of PhET simulation on physics learning at different
grade levels

Examining the impact of PhET simulations on acquiring physics at the differ-
ent levels is crucial. This investigation encompasses elementary, junior high, senior
high, and college levels. Table 2 indicates the impact of PhET simulation on physics
education, where the senior high school level demonstrated the most noteworthy
and statistically significant effect size (d=1.00, p < 0.001, CI: 0.74-1.27). Furthermore,
the elementary school (d=0.77, p <0.01, CI: 0.31-1.23) and college (d=0.66, p < 0.001,
CI: 0.35-0.98) levels exhibited positive and significant outcomes. Different outcomes
were discovered among students at the junior high school level, with a positive
impact but no statistical significance (d = 0.18, p > 0.05, CI: —0.04-0.41).

Table 2. The impact of using PhET simulations in different grade levels

Grade Levels k n d YA CI (95%)
Elementary school 2 79 0.77 3.29** 0.31-1.23
Junior high school 11 627 0.18 1.61% —0.04-0.41
Senior high school 33 3886 1.00 7.40%** 0.74-1.27
College 1 171 0.66 4.16%** 0.35-0.98

Note: **p < 0.01, ***p < 0.001, *p > 0.05.
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4.3 The impact of PhET simulation on physics learning in various fields
of physics

Table 3 shows insights into the impact of implementing PhET simulations in
diverse areas of physics, including but not limited to the greenhouse effect, elec-
trodynamics, electrostatics, physical changes, oscillations, waves, and optics. The
results demonstrate that the implementation of PhET simulations was most bene-
ficial in the fields of electrostatics (d = 3.26, p < 0.001, CI: 1.40-5.11), electrodynam-
ics (d=1.27, p <0.01, CI: 0.37-2.17), and oscillations, waves, and optics (d = 0.93,
p < 0.001, CI: 0.49-1.37), with statistically significant effects. On the other hand, the
greenhouse effect (d = 0.77, p < 0.01, CI: 0.31-1.23) and physical changes (d = 0.45,
p <0.001, CI: 0.21-0.69) also had positive and significant effects.

Table 3. The impact of using PhET simulation in various fields of physics

Field of Physics k n d Z-Value CI (95%)
Greenhouse effect 2 79 0.77 3.29** 0.31-1.23
Electrodynamics 3 207 1.27 2.78** 0.37-2.17
Electrostatics 3 302 3.26 3.45%* 1.40-5.11
Physical changes 8 480 0.45 3.65%** 0.21-0.69
Oscillations, waves, and optics 11 2459 0.93 4. 15%* 0.49-1.37
Others 16 1036 0.51 3.50%** 0.22-0.79

Note: **p < 0.01, ***p < 0.001.

4.4 The impact of PhET simulation on physics learning
in various performance foci

PhET simulation exerts different effects on various focuses in physics learning,
so it is essential to conduct further analysis. Table 4 shows that PhET simulation has
a strong impact, especially on learning motivation (d = 2.91, p < 0.05, CI: 0.31-5.51),
critical and creative thinking skills (d = 1.03, p < 0.001, CI: 0.54-1.52), as well as
students’ learning achievement in physics subject (d = 1.00, p < 0.001, CI: 0.69-1.30).
At the same time, the impact was lower on science process ability (d=0.30, p < 0.01,
CI: 0.09-0.51). Meanwhile, there was no significant impact on students’ attitudes
regarding using this simulation (d = 0.06, p > 0.05, CI: —-0.18-0.31).

Table 4. The impact of using PhET simulation in various focuses of physics

Focuses of Physics k n (i} Z-Value CI (95%)
Motivation 3 165 2.91 2.19* 0.31-5.51
Critical and creative thinking skills 5 313 1.03 4.15%* 0.54-1.52
Science process skills 6 360 0.30 2.84** 0.09-0.51
Attitude 8 436 0.06 0.52* -0.18-0.31
Achievement 21 3289 1.00 6.43%** 0.69-1.30

Note: *p < 0.05, **p < 0.01, ***p < 0.001, *p > 0.05.
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4.5 The impact of PhET simulation on physics learning
in various learning models

The comprehensive assessment in Table 5 indicates a positive impact of PhET
simulation on both learning models. However, the impact was considerably more
significant in the offline learning model (d = 1.08, p < 0.001, CI: 0.80-1.37) than in the
online model (d=0.27, p < 0.05, CI: 0.03-0.50).

While the results show statistically significant differences, it is important to high-
light that statistical significance (as indicated by p-values) is highly influenced by
the sample size (n) [38]. The offline model involved a substantially larger sample
(n = 3676) compared to the online model (n = 887), which may partly explain the
smaller p-value. However, the effect size (Cohen’s d) offers a more meaningful inter-
pretation of the true impact, as it is independent of sample size and reflects the
magnitude of the effect itself. The large effect size observed in the offline model
(d =1.08) indicates a strong practical impact of PhET simulations on student learn-
ing, whereas the smaller effect size in the online model (d = 0.27) suggests a modest
effect. Therefore, more weight should be given to the interpretation of effect sizes
rather than solely relying on statistical significance when evaluating the effective-
ness of PhET in different learning contexts.

Table 5. The impact of using PhET simulation in various learning models

Learning Models k n d Z-Value CI (95%)
Online Mode 13 887 0.27 2.18* 0.03-0.50
Offline Mode 30 3676 1.08 7.50%** 0.80-1.37

Note: *p < 0.05, ***p < 0.001.

5  DISCUSSION

This meta-analysis confirmed that PhET simulations have a large and significant
positive effect on students’ physics learning (d = 0.83, p < 0.001). These findings sup-
port earlier studies that emphasize the role of interactive simulations in enhancing
student engagement, motivation, and conceptual understanding [14], [23], [25]. The
interactive nature of PhET allows students to manipulate variables, test hypotheses,
and connect abstract concepts with observable outcomes, making physics learning
more accessible and meaningful. However, the substantial heterogeneity across
studies (I > 70%) indicates that contextual factors, such as grade level, instructional
models, and learning aspects, strongly influence the outcomes.

5.1 Grade levels and physics topics

PhET simulations demonstrated greater effectiveness at the secondary school
level than primary or higher education, consistent with previous studies show-
ing adolescents’ strong responsiveness to interactive, visual, and exploratory
approaches [12], [58]. The effect was particularly strong at the topic level for abstract
and mathematically demanding areas such as electricity, oscillations, and waves.
These findings highlight that PhET may be most impactful in bridging the gap
between concrete experiences and abstract reasoning, especially for learners in
transition stages of cognitive development.
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5.2 Learning aspects

The analysis revealed that PhET not only improves academic achievement but
also supports higher-order thinking skills, including critical and creative thinking
[24], [27], [28]. It also positively influences students’ motivation and process skills,
although effects on attitudes toward physics were not consistently significant. This
inconsistency may stem from differences in instructional design, duration of inter-
vention, and the extent to which simulations are integrated with collaborative or
inquiry-based learning models. The findings emphasize that simulations are most
effective when paired with pedagogical strategies that promote reflection, discus-
sion, and scaffolding [29], [30].

5.3 Learning models and contexts

PhET use in offline or face-to-face settings yielded stronger effects than online
contexts. It may reflect the advantages of immediate teacher feedback, structured
group activities, and direct scaffolding in classroom environments [59]. Nevertheless,
online implementations still produced moderate benefits, suggesting that with
proper design, such as adaptive scaffolding and personalized feedback, PhET can
remain effective in digital or hybrid learning environments. This finding is particu-
larly relevant in the post-pandemic era, where blended learning models are increas-
ingly adopted.

5.4 Limitations and future directions

Several limitations must be acknowledged. First, the studies included in this
meta-analysis were published between 2018 and 2023, which may limit the tempo-
ral scope of the findings. This concentration on recent publications reflects current
instructional practices but reduces the opportunity to capture earlier trends in the
use of PhET simulations. Second, the evidence base is heavily skewed toward sec-
ondary school contexts, with relatively few primary or higher education studies.
Third, the high heterogeneity across studies indicates substantial variation in design,
quality, and reporting standards, which constrains the generalizability of the con-
clusions. Finally, most studies did not systematically examine moderating variables
such as gender, prior knowledge, or teacher expertise.

Future research should address these gaps by (a) expanding the scope to under-
represented levels and educational systems, (b) developing standardized instruc-
tional supports for simulation-based learning, and (c) exploring adaptive approaches,
such as scaffolding and personalized feedback, that tailor simulations to individ-
ual learners.

6  CONCLUSION

This meta-analysis addressed two main research questions regarding using PhET
simulations in physics education. The findings show that PhET simulations signifi-
cantly enhance students’ physics learning compared to traditional approaches, with
a large overall effect size (d = 0.83, 95% CI = 0.61-1.06, p < 0.001). It confirms that
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PhET simulations generally improve learning outcomes across different educational
levels. The effectiveness of PhET simulations is not uniform, but influenced by sev-
eral contextual and pedagogical factors. Teaching mode (online vs. offline), the level
of content difficulty, and students’ cognitive ability moderated the learning gains.
Subgroup analysis further indicated that the strongest impact was observed among
high school students, likely due to their ability to engage with abstract representa-
tions. In contrast, junior high students benefited less, possibly due to lower cognitive
readiness and limited curricular alignment. This study highlights that PhET simula-
tions can be a powerful instructional tool in physics education when carefully inte-
grated with consideration of student characteristics and instructional context. These
insights provide a foundation for designing more effective and targeted learning
strategies.

7  REFERENCES

[1] M. A. Fadillah, U. Usmeldi, and A. Asrizal, “The role of ChatGPT and higher-order think-
ing skills as predictors of physics inquiry,” Journal of Baltic Science Education, vol. 23,
no. 6, pp. 1178-1192, 2024. https://doi.org/10.33225/jbse/24.23.1178

[2] A-S. Nystrom, A. Johansson, A. T. Danielsson, and A. ]J. Gonsalves, “Resonating with
physics: Physics students’ stories about existential and affective relations to science in
and beyond formal learning spaces,” International Journal of Science Education, Part B,
vol. 15, no. 4, pp. 581-596, 2024. https://doi.org/10.1080/21548455.2024.2439140

[3] A. McStay, “The metaverse: Surveillant physics, virtual realist governance, and the
missing commons,” Philos. Technol,, vol. 36, no. 1, p. 13, 2023. https://doi.org/10.1007/
§13347-023-00613-y

[4] S. Turner, N. Harder, D. Martin, and L. Gillman, “Psychological safety in simulation:
Perspectives of nursing students and faculty,” Nurse Educ. Today, vol. 122, p. 105712,
2023. https://doi.org/10.1016/j.nedt.2023.105712

[5] N. Hubner, W. Wagner, S. Zitzmann, and B. Nagengast, “How strong is the evidence for
a causal reciprocal effect? Contrasting traditional and new methods to investigate the
reciprocal effects model of self-concept and achievement,” Educ. Psychol. Rev., vol. 35,
no. 1, p. 6, 2023. https://doi.org/10.1007/s10648-023-09724-6

[6] M. Kozhevnikov, M. A. Motes, and M. Hegarty, “Spatial visualization in physics prob-
lem solving,” Cogn. Sci, vol. 31, no. 4, pp. 549-579, 2007. https://doi.org/10.1080/
15326900701399897

[7] A.N.Yunzal Jr and L. F. Casinillo, “Effect of physics education technology (PhET) simu-
lations: Evidence from STEM students’ performance,” Journal of Education Research and
Evaluation, vol. 4, no. 3, p. 221, 2020. https://doi.org/10.23887/jere v4i3.27450

[8] N.N. S. P. Verawati, L. S. Handriani, and B. K. Prahani, “The experimental experience
of motion kinematics in biology class using PhET virtual simulation and its impact on
learning outcomes,” International Journal of Essential Competencies in Education, vol. 1,
no. 1, pp. 11-17, 2022. https://doi.org/10.36312/ijece.v1i1.729

[9] C. Stefanidou, K. Kyriakou, A. Mandrikas, I. Stavrou, and C. Skordoulis, “Students’ views
on physics teaching at a distance in the context of COVID-19 pandemic,” European
Journal of Science and Mathematics Education, vol. 10, no. 3, pp. 284-297, 2022. https://
doi.org/10.30935/scimath/11880

[10] M. A. Fadillah, U. Usmeldi, and K. Ravanis, “ICT-based physics learning: What activities
are most important to predict students’ confidence?” Int. . Sci. Educ., pp. 1-23, 2025.
https://doi.org/10.1080/09500693.2025.2527377

International Journal of Online and Biomedical Engineering (iJOE) 33


https://online-journals.org/index.php/i-joe
https://doi.org/10.33225/jbse/24.23.1178
https://doi.org/10.1080/21548455.2024.2439140
https://doi.org/10.1007/s13347-023-00613-y
https://doi.org/10.1007/s13347-023-00613-y
https://doi.org/10.1016/j.nedt.2023.105712
https://doi.org/10.1007/s10648-023-09724-6
https://doi.org/10.1080/15326900701399897
https://doi.org/10.1080/15326900701399897
https://doi.org/10.23887/jere.v4i3.27450
https://doi.org/10.36312/ijece.v1i1.729
https://doi.org/10.30935/scimath/11880
https://doi.org/10.30935/scimath/11880
https://doi.org/10.1080/09500693.2025.2527377

Fadillah et al.

(11]

(12]

[13]

(14]

[15]

(16]

(17]

(18]

[19]

(20]

[21]

[22]

[23]

[24]

(25]

B. Rayan, W. Daher, H. Diab, and N. Issa, “Integrating PhET simulations into elementary
science education: A qualitative analysis,” Educ. Sct. (Basel), vol. 13, no. 9, p. 884, 2023.
https://doi.org/10.3390/educsci13090884

H. J. Banda and ]. Nzabahimana, “The impact of physics education technology (PhET)
interactive simulation-based learning on motivation and academic achievement among
Malawian physics students,” J. Sci. Educ. Technol, vol. 32, no. 1, pp. 127-141, 2023.
https://doi.org/10.1007/s10956-022-10010-3

S. Uwambajimana, E. Minani, A. D. Mollel, and P. Nyirahabimana, “The impact of using
PhET simulation on conceptual understanding of electrostatics within selected second-
ary schools of Muhanga District, Rwanda,” Journal of Mathematics and Science Teacher,
vol. 3, no. 2, p. em045, 2023. https://doi.org/10.29333/mathsciteacher/13595

D. Olugbade, S. S. Oyelere, and F. J. Agho, “Enhancing junior secondary students’ learn-
ing outcomes in basic science and technology through PhET: A study in Nigeria,”
Educ. Inf. Technol (Dordr), vol. 29, pp. 14035-14057, 2024. https://doi.org/10.1007/
$10639-023-12391-3

A. Lager and J. Lavonen, “Engaging students in scientific practices in a remote setting,”
Educ. Sci. (Basel), vol. 13, no. 5, p. 431, 2023. https://doi.org/10.3390/educsci13050431

A. N. Pratiwi, N. Aisyah, S. Somakim, and M. Kamran, “STEM-based approach: A learn-
ing design to improve critical thinking skills,” Al-Jabar: Jurnal Pendidikan Matematika,
vol. 14, no. 1, pp. 225-237, 2023. https://doi.org/10.24042/ajpm.v14i1.18054

E. Dessie, D. Gebeyehu, and F. Eshetu, “Enhancing critical thinking, metacognition, and
conceptual understanding in introductory physics: The impact of direct and experiential
instructional models,” Eurasia Journal of Mathematics, Science and Technology Education,
vol. 19, no. 7, p. em2287, 2023. https://doi.org/10.29333/ejmste/13273

L. Gusho, A. Mugaj, M. Petro, and M. Vampa, “Use of educational technology to improve
the quality of learning and teaching: A systematic research review and new perspec-
tives,” International Journal of Emerging Technologies in Learning (i/ET), vol. 18, no. 15,
pp- 109-119, 2023. https://doi.org/10.3991/ijetv18i15.39641

M. E. Ng and K. H. Chua, “The effect of using PhET in changing Malaysian students’
attitude to learning physics in a full virtual environment,” Pertanika Journal of Social
Sciences and Humanities, vol. 31, no. 2, pp. 545-560, 2023. https://doi.org/10.47836/
pjssh.31.2.05

K. Perkins et al., “PhET: Interactive simulations for teaching and learning physics,” Phys.
Teach., vol. 44, no. 1, pp. 18-23, 2006. https://doi.org/10.1119/1.2150754

R. Haryadi and H. Pujiastuti, “PhET simulation software-based learning to improve
science process skills,” J. Phys. Conf. Ser., vol. 1521, no. 2, p. 022017, 2020. https://doi.org/
10.1088/1742-6596/1521/2/022017

C. E. Wieman, W. K. Adams, and K. K. Perkins, “PhET: Simulations that enhance learn-
ing,” Science (1979), vol. 322, no. 5902, pp. 682-683, 2008. https://doi.org/10.1126/
science.1161948

L. Yusuf and S. W. Widyaningsih, “HOTS profile of physics education students in STEM-
based classes using PhET media,” J. Phys. Conf. Ser., vol. 1157, p. 032021, 2019. https://doi.
0rg/10.1088/1742-6596/1157/3/032021

S. Astutik and B. K. Prahani, “The practicality and effectiveness of collaborative creativ-
ity learning (CCL) model by using PhET simulation to increase students’ scientific cre-
ativity,” International Journal of Instruction, vol. 11, no. 4, pp. 409-424, 2018. https://doi.
org/10.12973/iji.2018.11426a

H. J. Banda and J. Nzabahimana, “Effect of integrating physics education technology
simulations on students’ conceptual understanding in physics: A review of litera-
ture,” Phys. Rev. Phys. Educ. Res., vol. 17, no. 2, p. 023108, 2021. https://doi.org/10.1103/
PhysRevPhysEducRes.17.023108

34 International Journal of Online and Biomedical Engineering (iJOE) iJOE | Vol. 22 No. 2 (2026)


https://online-journals.org/index.php/i-joe
https://doi.org/10.3390/educsci13090884
https://doi.org/10.1007/s10956-022-10010-3
https://doi.org/10.29333/mathsciteacher/13595
https://doi.org/10.1007/s10639-023-12391-3
https://doi.org/10.1007/s10639-023-12391-3
https://doi.org/10.3390/educsci13050431
https://doi.org/10.24042/ajpm.v14i1.18054
https://doi.org/10.29333/ejmste/13273
https://doi.org/10.3991/ijet.v18i15.39641
https://doi.org/10.47836/pjssh.31.2.05
https://doi.org/10.47836/pjssh.31.2.05
https://doi.org/10.1119/1.2150754
https://doi.org/10.1088/1742-6596/1521/2/022017
https://doi.org/10.1088/1742-6596/1521/2/022017
https://doi.org/10.1126/science.1161948
https://doi.org/10.1126/science.1161948
https://doi.org/10.1088/1742-6596/1157/3/032021
https://doi.org/10.1088/1742-6596/1157/3/032021
https://doi.org/10.12973/iji.2018.11426a
https://doi.org/10.12973/iji.2018.11426a
https://doi.org/10.1103/PhysRevPhysEducRes.17.023108
https://doi.org/10.1103/PhysRevPhysEducRes.17.023108

iJOE | Vol. 22 No. 2 (2026)

(26]

(27]

(28]

(29]

[30]

(31]

[32]

(33]

(34]

[35]

(36]

(37]

(38]

[39]

[40]

Meta-Analysis of the Effectiveness of PhET Simulations in Physics Education

S. Mahtari, M. Wati, S. Hartini, M. Misbah, and D. Dewantara, “The effectiveness of the
student worksheet with PhET simulation used scaffolding question prompt,” J. Phys. Conf.
Ser., vol. 1422, no. 1, p. 012010, 2020. https://doi.org/10.1088/1742-6596/1422/1/012010
H. Putranta and I. Wilujeng, “Physics learning by PhET simulation-assisted using prob-
lem based learning (PBL) model to improve students’ critical thinking skills in work and
energy chapters in MAN 3 Sleman,” Asia-Pacific Forum on Science Learning and Teaching,
vol. 20, no. 1, pp. 1-44, 2019.

B. Bahtiar, 1. Ibrahim, and M. Maimun, “Analysis of students’ scientific literacy skill in
terms of gender using science teaching materials discovery model assisted by PhET sim-
ulation,” Jurnal Pendidikan IPA Indonesia, vol. 11, no. 3, pp. 371-386, 2022. https://doi.
org/10.15294/jpiiv11i3.37279

S. Ramaila, “Pedagogical affordances of physics education technology in teaching and
learning: A systematic review,” The International Journal of Technology, Knowledge,
and Society, vol. 20, no. 2, pp. 109-131, 2024. https://doi.org/10.18848/1832-3669/CGP/
v20i02/109-131

S. Giersch, H. Leary, B. Palmer, and M. Recker, “Developing a review process for online
resources,” in Proceedings of the 8th ACM/IEEE-CS Joint Conference on Digital Libraries,
New York, NY, USA: ACM, 2008, pp. 457-457. https://doi.org/10.1145/1378889.1379002
C. Chotimah and Festiyed, “A meta-analysis of the effects of using PhET interactive
simulations on student’s worksheets toward senior high school students learning
result of physics,” J. Phys. Conf. Ser., vol. 1481, no. 1, p. 012093, 2020. https://doi.org/
10.1088/1742-6596/1481/1/012093

M. Zuo, S. Kong, Y. Ma, Y. Hu, and M. Xiao, “The effects of using scaffolding in online
learning: A meta-analysis,” Educ. Sci. (Basel), vol. 13, no. 7, p. 705, 2023. https://doi.org/
10.3390/educsci13070705

F. Barto$, M. Maier, E. Wagenmakers, H. Doucouliagos, and T. D. Stanley, “Robust
Bayesian meta-analysis: Model-averaging across complementary publication bias
adjustment methods,” Res. Synth. Methods, vol. 14, no. 1, pp. 99-116, 2023. https://doi.org/
10.1002/jrsm.1594

R. P. Antonio and R. R. Castro, “Effectiveness of virtual simulations in improving sec-
ondary students’ achievement in physics: A meta-analysis,” International Journal of
Instruction, vol. 16, no. 2, pp. 533-556, 2023. https://doi.org/10.29333/iji.2023.16229a

M. A. Fadillah, Syafrijon, Sulandari, F. A. Siregar, and Usmeldi, “Bibliometric map-
ping of data science in education: Trends, benefits, challenges, and future directions,”
Social Sciences & Humanities Open, vol. 11, p. 101600, 2025. https://doi.org/10.1016/
j.ssah0.2025.101600

D. Moher, A. Liberati, J. Tetzlaff, and D. G. Altman, “Preferred reporting items for sys-
tematic reviews and meta-analyses: The PRISMA statement,” . Clin. Epidemiol., vol. 62,
no. 10, pp. 1006-1012, 2009. https://doi.org/10.1016/j.jclinepi.2009.06.005

M. Abou Faour and Z. Ayoubi, “The effect of using virtual laboratory on grade 10 students’
conceptual understanding and their attitudes towards physics,” J. Educ. Environ.
Sci. Health, vol. 4, no. 1, pp. 54-68, 2018. Accessed: Oct. 15, 2023. [Online]. Available:
https://dergipark.org.tr/en/pub/jeseh/issue/34933/387482

]J. Cohen, Statistical Power Analysis for the Behavioral Sciences, 2nd Ed. New York, NY:
Routledge, 2013. https://doi.org/10.4324/9780203771587

J. P. T. Higgins, “Measuring inconsistency in meta-analyses,” BM]J, vol. 327, no. 7414,
pp- 557-560, 2003. https://doi.org/10.1136/bmj.327.7414.557

M. Egger, G. D. Smith, M. Schneider, and C. Minder, “Bias in meta-analysis detected by a
simple, graphical test,” BMJ, vol. 315, no. 7109, pp. 629-634, 1997. https://doi.org/10.1136/
bmj.315.7109.629

International Journal of Online and Biomedical Engineering (iJOE) 35


https://online-journals.org/index.php/i-joe
https://doi.org/10.1088/1742-6596/1422/1/012010
https://doi.org/10.15294/jpii.v11i3.37279
https://doi.org/10.15294/jpii.v11i3.37279
https://doi.org/10.18848/1832-3669/CGP/v20i02/109-131
https://doi.org/10.18848/1832-3669/CGP/v20i02/109-131
https://doi.org/10.1145/1378889.1379002
https://doi.org/10.1088/1742-6596/1481/1/012093
https://doi.org/10.1088/1742-6596/1481/1/012093
https://doi.org/10.3390/educsci13070705
https://doi.org/10.3390/educsci13070705
https://doi.org/10.1002/jrsm.1594
https://doi.org/10.1002/jrsm.1594
https://doi.org/10.29333/iji.2023.16229a
https://doi.org/10.1016/j.ssaho.2025.101600
https://doi.org/10.1016/j.ssaho.2025.101600
https://doi.org/10.1016/j.jclinepi.2009.06.005
https://dergipark.org.tr/en/pub/jeseh/issue/34933/387482
https://doi.org/10.4324/9780203771587
https://doi.org/10.1136/bmj.327.7414.557
https://doi.org/10.1136/bmj.315.7109.629
https://doi.org/10.1136/bmj.315.7109.629

Fadillah et al.

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

(51]

(52]

(53]

(54]

J. P. A, Toannidis, “Inverse publication reporting bias favouring null, negative
results,” BM] Evid. Based Med., vol. 29, no. 1, pp. 6-9, 2024. https://doi.org/10.1136/
bmjebm-2023-112292

P. Agyei, M. A. Abukari, P. Dorsah, T. N. Tindan, A. N. Najah, and I. A. Gonyalug, “PhET
simulation instruction and its effects on students’ motivation to learn physics,” London
Journal of Research in Humanities and Social Sciences, vol. 23, no. 15, pp. 21-32, 2023.

L. Afafa, I. Indrawati, and A. Agustiningsih, “The effect of PhET simulation in science
learning of static fluid pressure topics towards students’ creative thinking skill,”
Pancaran Pendidikan, vol. 10, no. 4, 2021. https://doi.org/10.25037/pancaran.v10i4.321
A.Y. Al Amri, M. E. Osman, and A. S. Al Musawi, “The effectiveness of a 3D-virtual reality
learning environment (3D-VRLE) on the Omani eighth grade students’ achievement and
motivation towards physics learning,” International Journal of Emerging Technologies in
Learning (i[ET), vol. 15, no. 5, pp. 4-16, 2020. https://doi.org/10.3991/ijetv15i05.11890

0. Jayanagara and C. Lukita, “Evidence from SMA students’ performance on the impact
of physics education technology (PhET) simulations,” International Transactions on
Education Technology (ITEE), vol. 1, no. 2, pp. 105-110, 2023. https://doi.org/10.33050/
iteev1i2.277

D. Saputra, K. Saputra, and S. Sunaryono, “The effect of PhET simulation on the discov-
ery learning model on critical thinking skills of SMA students on straight motion materi-
als,” INOVASIA, vol. 1, no. 1, pp. 34-45, 2022. Accessed: Oct. 15, 2023. [Online]. Available:
https://jurnal.institutsunandoe.ac.id/index.php/inovasia/article/view/20

F. S. Yildirim, “The effect of virtual laboratory applications on 8th grade students’
achievement in science lesson,” J. Educ. Environ. Sci. Health, vol. 7, no. 2, pp. 171-181,
2021. https://doi.org/10.21891/jeseh.837243

H. Ozcan, G. Cetin, and H. L. Kostur, “The effect of PhET simulation-based instruction
on 6th grade students’ achievement regarding the concept of greenhouse gas,” Science
Education International, vol. 31, no. 4, pp. 348-355, 2020. https://doi.org/10.33828/
seiv31.i4.3

I. Ardisa, N. N. S. P. Verawati, G. Gunawan, and S. Ayub, “Effect of PhET simulation-
assisted guided inquiry learning model on students’ critical thinking ability in elasticity
material,” Jurnal Pendidikan Fisika dan Teknologi, vol. 8, no. 2, pp. 262-269, 2022. https://
doi.org/10.29303/jpftv8i2.4391

]. Siantuba, L. Nkhata, and T. De Jong, “The impact of an online inquiry-based learning
environment addressing misconceptions on students’ performance,” Smart Learning
Environments, vol. 10, no. 1, p. 22, 2023. https://doi.org/10.1186/s40561-023-00236-y

K. Ndihokubwayo, ]J. Uwamahoro, and 1. Ndayambaje, “Effectiveness of PhET simu-
lations and YouTube videos to improve the learning of optics in Rwandan secondary
schools,” African Journal of Research in Mathematics, Science and Technology Education,
vol. 24, no. 2, pp. 253-265, 2020. https://doi.org/10.1080/18117295.2020.1818042

L. C. Layson, “Integration of PhET interactive simulations in online synchronous and
asynchronous teaching of science: It's impact on learners’ science process skills,”
International Journal of Trend in Scientific Research and Development, vol. 6, no. 6,
pp. 61-77, 2022. Accessed: Oct. 15, 2023. [Online]. Available: https://www.ijtsrd.com/
papers/ijtsrd51801.pdf

N. Maulani, S. Linuwih, and S. Sulhadi, “Effectiveness of physics learning using PBL
assisted by PhET virtual laboratory,” Physics Communication, vol. 4, no. 2, pp. 19-24,
2020. https://doi.org/10.15294/physcomm.v4i2.31081

R. P. Purfiyansyah, S. Bektiarso, and L. Nuraini, “Critical thinking skills and physics learn-
ing outcomes in the 5E learning cycle model with PhET simulations,” Pillar of Physics
Education, vol. 16, no. 2, pp. 93-102, 2023. http://dx.doi.org/10.24036/14768171074

36 International Journal of Online and Biomedical Engineering (iJOE) iJOE | Vol. 22 No. 2 (2026)


https://online-journals.org/index.php/i-joe
https://doi.org/10.1136/bmjebm-2023-112292
https://doi.org/10.1136/bmjebm-2023-112292
https://doi.org/10.25037/pancaran.v10i4.321
https://doi.org/10.3991/ijet.v15i05.11890
https://doi.org/10.33050/itee.v1i2.277
https://doi.org/10.33050/itee.v1i2.277
https://jurnal.institutsunandoe.ac.id/index.php/inovasia/article/view/20
https://doi.org/10.21891/jeseh.837243
https://doi.org/10.33828/sei.v31.i4.3
https://doi.org/10.33828/sei.v31.i4.3
https://doi.org/10.29303/jpft.v8i2.4391
https://doi.org/10.29303/jpft.v8i2.4391
https://doi.org/10.1186/s40561-023-00236-y
https://doi.org/10.1080/18117295.2020.1818042
https://www.ijtsrd.com/papers/ijtsrd51801.pdf
https://www.ijtsrd.com/papers/ijtsrd51801.pdf
https://doi.org/10.15294/physcomm.v4i2.31081
http://dx.doi.org/10.24036/14768171074

1J0E | Vol. 22 No. 2 (2026)

Meta-Analysis of the Effectiveness of PhET Simulations in Physics Education

[55] U. Sylvere and E. Minani, “Impact of using physics education technology (PhET) sim-
ulations on improving students’ performance in electrostatics,” Journal of Research
Innovation and Implications in Education, vol. 7, no. 1, pp. 22-30, 2023. Accessed: Oct. 15,
2023. [Online]. Available: https://jriiejournal.com/wp-content/uploads/2023/02/JRIIE-
7-1-003.pdf

[56] U. Cetinkaya and G. Kirilmazkaya, “The effect of POE method with PhET simulation on
primary school student’s science attitudes and success: Greenhouse effect,” Education
Quarterly Reviews, vol. 5, no. 4, pp. 350-360, 2022. Accessed: Oct. 15, 2023. [Online].
Available: https://ssrn.com/abstract=4297458

[57] V. MeSi¢, A. Jusko, B. Beatovi¢, and A. Fetahovi¢-Hrvat, “Improving the effectiveness of
physics homework: A minds-on simulation-based approach,” European Journal of Science
and Mathematics Education, vol. 10, no. 1, pp. 34-49, 2021. https://doi.org/10.30935/
scimath/11383

[58] E.C.Prima, A. R. Putri, and N. Rustaman, “Learning solar system using PhET simulation
to improve students’ understanding and motivation,” Journal of Science Learning, vol. 1,
no. 2, p. 60, 2018. https://doi.org/10.17509/jsl.v1i2.10239

[59] S.Moser, J. Zumbach, and I. Deibl, “The effect of metacognitive training and prompting
on learning success in simulation-based physics learning,” Sci. Educ., vol. 101, no. 6,
Pp. 944-967, 2017. https://doi.org/10.1002/sce.21295

8 AUTHORS

Muhammad Aizri Fadillah is a doctoral candidate in Science Education at
Universitas Negeri Padang, Indonesia. His research interests include science and
physics education, educational technology, assessment, and 21st-century skills. He
has published studies on blended learning, data science in education, and the role of
Al in science learning (E-mail: m.aizrifadillah@student.unp.ac.id).

Khofifah Alawyah is a doctoral student in Technology and Vocational Education
at Universitas Negeri Yogyakarta, Indonesia. Her research interests center on
vocational education, e-learning, and the development of augmented reality and
e-module-based learning media (E-mail: khofifahalawyah.2025@student.uny.ac.id).

Syafrijon Syafrijon is a Lecturer at Department of Electronics Engineering,
Universitas Negeri Padang, Indonesia. His educational research explores data
science applications, bibliometric mapping, and technology-enhanced learning. He
has publications on systematic reviews, bibliometric studies, and the use of emerg-
ing technologies in education (E-mail: syafrijon@ft.unp.ac.id).

Usmeldi Usmeldi is a Professor at Department of Electrical Engineering,
Universitas Negeri Padang, Indonesia. He teaches in physics and vocational
education programs and supervises doctoral research. His work focuses on student
learning, educational technology, and integrating digital tools such as augmented
and virtual reality in education (E-mail: usmeldi@ft.unp.ac.id).

International Journal of Online and Biomedical Engineering (iJOE) 37


https://online-journals.org/index.php/i-joe
https://jriiejournal.com/wp-content/uploads/2023/02/JRIIE-7-1-003.pdf
https://jriiejournal.com/wp-content/uploads/2023/02/JRIIE-7-1-003.pdf
https://ssrn.com/abstract=4297458
https://doi.org/10.30935/scimath/11383
https://doi.org/10.30935/scimath/11383
https://doi.org/10.17509/jsl.v1i2.10239
https://doi.org/10.1002/sce.21295
mailto:m.aizrifadillah@student.unp.ac.id
mailto:khofifahalawyah.2025@student.uny.ac.id
mailto:syafrijon@ft.unp.ac.id
mailto:usmeldi@ft.unp.ac.id

