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Abstract: The low scientific literacy of students in Indonesia is caused by the monotonous learning process that makes
students bored with learning. This study aims to determine the effect of a virtual laboratory based on PhET simulation on
students' scientific literacy in temperature and heat. This study used a quasi-experimental, non-equivalent control-group
design with two experimental and two control classes of seventh-grade students during the 2025/2026 academic year. Data
were collected using pre-test and post-test scientific literacy instruments. The results of the independent-samples t-test
showed a significance value (Sig. 2-tailed) of 0.000 < 0.05, indicating a significant effect of the virtual laboratory on students'
scientific literacy. In addition, the N-Gain analysis showed that the control class was in the low category (0.17 and 0.14),
while the experimental class was in the medium category (0.63). The uniqueness of this study lies in integrating a virtual
laboratory based on PhET simulations with scientific literacy indicators in teaching temperature and heat. These findings
indicate that virtual laboratory media can effectively improve students' scientific literacy. PhET simulation-based virtual
laboratories can serve as an effective technology-enhanced learning tool to improve students' scientific literacy, particularly

in understanding temperature and heat concepts in junior high school science education.
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Introduction

In the modern era, advances in science and
technology have had a significant impact on various aspects
of life, including science education. Science is a discipline
that develops through processes such as observation,
problem identification, hypothesis formulation,
experimentation, and the formation of concepts and theories
[1]. In the learning process, teachers act as facilitators who
can integrate technology to create effective and interactive
learning experiences that align with the demands of the 21st
century. Improving teachers' competence in using
educational technology is crucial to ensure students develop
critical and logical thinking skills and are prepared to face
future challenges [2].

One of the key competencies in science education is
scientific literacy. This skill is important because it helps
students understand various real-world issues related to the
environment, health, technology, economics, and society [3].
Scientific literacy also serves as a foundation for students to
make decisions based on scientific knowledge in everyday
life [4].

However, students' scientific literacy skills in
Indonesia remain relatively low. According to the 2022
Program for International Student Assessment (PISA),
Indonesia achieved an average scientific literacy score of
383, ranking 67th out of 81 participating countries, still far
below the global average of 485 [5]. Despite an improvement
in ranking compared to 2018, Indonesia's scientific literacy
score declined by 13 points. These results indicate that
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students' scientific literacy skills have not developed
optimally [6].

According to PISA, scientific literacy encompasses
three main indicators: identifying scientific issues or
questions, explaining phenomena scientifically, and using
scientific evidence to draw conclusions [3]. These three
indicators require students not only to understand theory but
also to be able to conduct investigations, analyze data, and
connect scientific concepts to real-world phenomena.

One alternative is virtual laboratory-based learning
media. A virtual laboratory is a digital learning tool that
simulates laboratory practicum activities, allowing students
to conduct experiments virtually as if they were in a real
laboratory. This media can overcome the limitations of
equipment, materials, time, and costs of practicums, while
providing a more flexible and interactive learning experience
[7]. One widely used virtual laboratory platform is PhET
(Physics Education Technology), an interactive simulation
tool that helps students understand abstract concepts in
science through visualization and virtual experiments.
Previous research has shown that PhET is effective in
improving students' conceptual understanding and
engagement in science learning [8].

Implementing PhET simulations using the Problem-
Based Learning model can improve student learning
outcomes [9]. However, this research focuses more on
cognitive learning outcomes and does not specifically
analyze scientific literacy indicators. Virtual laboratory-
based learning media using a differentiated learning
approach can improve students' scientific literacy [10]. In
addition, previous studies have used few quasi-experimental

P. Tantalama, T. Abdjul, N. Nurhayati, A. H. Odja, and M. Yusuf, “Implementation of Virtual Laboratory-Based Interactive Learning Media for Students’
Science Literacy Skills on Temperature and Heat Material”, J. Pijar.MIPA, vol. 21, no. 3, pp. 584—588, Jun. 2026. https://doi.org/10.29303/jpm.v21i3.12050



https://doi.org/10.29303/jpm.v21i3.12050
mailto:tirtawaty@ung.ac.id

Jurnal Pijar MIPA

designs that directly compare experimental and control
classes to assess the effectiveness of PhET-based virtual
laboratories on temperature and heat at the junior high school
level.

Based on the introduction above, there remains a
research gap regarding the use of PhET-based virtual
laboratories that specifically integrate scientific literacy
indicators into materials on temperature and heat. The
novelty lies in integrating PhET simulations with students'
scientific literacy indicators through a quasi-experimental
design to examine the effect of virtual laboratory use on the
ability to identify scientific problems, explain scientific
phenomena, and use scientific evidence regarding
temperature and heat at the junior high school level.

Research Methods

This research was conducted at SMP Negeri 1
Suwawa and SMP Negeri 2 Suwawa, located in Suwawa
District, Bone Bolango Regency, Gorontalo Province,
during the odd semester of the 2025/2026 academic year.
The study lasted for approximately one semester. The
method used was a quasi-experimental design involving an
experimental class and a control class to determine the effect
of the treatment given to the groups receiving different
treatments [11].

The research design used a Non-equivalent Control
Group Design. This design involves an experimental and a
control group, with students not randomly assigned to either,
but both groups receive pre- and post-tests to measure
changes in students' scientific literacy before and after
treatment. In this design, there are two groups: one that
receives the treatment and the other that serves as the control
group. Both groups are given a pre-test and a post-test [12].

The research population consisted of all seventh-
grade students at the two schools, with each school having
four classes. The population is the entire research area that
includes objects or subjects with specific characteristics and
qualities determined by the researcher [13]. The sampling
technique used was purposive sampling with intact groups.
In each school, two control and two experimental classes
were selected as research samples, based on equal student
academic abilities (as determined by previous science
scores), equal student numbers, and recommendations from
science teachers. The intact group technique was chosen
because it is in line with the conditions of educational
research in schools, where full individual randomization is
generally not possible [14].

This study administered a pre-test to both the
experimental and control groups. Next, the experimental
group received a virtual laboratory treatment using a PhET
simulation on temperature and heat, aligned with scientific
literacy indicators. In addition, the control group was given
conventional methods, such as lectures, discussions, and
textbooks, without the aid of a virtual laboratory [15]. After
the entire learning process was completed, both groups took
a post-test to assess students' scientific literacy skills
following the treatment. Instrument validity testing used
Product-Moment correlation in Microsoft Excel at a 5%
significance level. The instrument is declared valid if the
calculated r value is greater than the table r value [16]. Next,
reliability testing uses the Cronbach's Alpha coefficient. The
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instrument is considered reliable if it has a high reliability
coefficient value.

The normality test used the Shapiro-Wilk test with
IBM SPSS Statistics because the sample size was less than
50 students [17]. The homogeneity test, using the Levene test
with the help of IBM SPSS Statistics, was carried out on
pretest and posttest data, as a prerequisite for hypothesis
testing [18]. Hypothesis testing uses an independent-samples
t-test to compare the means of two independent groups,
namely the experimental and control classes. with the help
of SPSS. The basis of the decision if the significance value
(Sig. 2-tailed) <0.05, then Ho is rejected and H, is accepted,
whereas if the significance value>0.05, then Ho is accepted
and H, is rejected [19]. Supporting data are calculated using
N-Gain to show the pretest and posttest values, which
indicate a significant effect in the experimental and control
classes.

Results and Discussion

This research is designed to help students achieve
scientific literacy competencies, where students can
understand scientific literacy indicators according to the
International Student Assessment Program according to the
indicators, namely: (1) explaining phenomena scientifically,
(2) designing and conducting scientific investigations, and
(3) interpreting scientific data and evidence [20]. Students'

scientific literacy results are shown in Figure 1.
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Figure 1. Pretest-Posttest Results

Based on the research data in Figure 2, all classes
showed an increase in scientific literacy from pre-test to
post-test. In the pre-test phase, the average score was 47.42%
for control class 1, 40.49% for control class 2, 47.36% for
experimental class 1, and 46.21% for experimental class 2.
After the learning process was implemented, all classes
showed improvement on the post-test. In control class 1, the
average score increased from 47.42% to 56.48%, while in
control class 2, it increased from 40.49% to 49.62%. A much
greater increase occurred in the experimental classes.
Experimental Class 1 saw an increase from 47.36% to
82.86%, while Experimental Class 2 increased from 46.21%
to 82.80%.

The greater improvement in the experimental class
indicates that using virtual laboratory-based learning media
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with PhET Simulations is more effective in improving
students' scientific literacy than the control class. In other
words, the Virtual Laboratory helps students understand the
abstract concepts of temperature and heat through more
realistic visualizations. Furthermore, the use of PhET
encourages students to explore, observe changes in variables,
interpret data, and draw conclusions based on scientific
evidence [21].

© .
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<

Figure 2. Temperature and Heat Learning Activities
Through the PhET Virtual Laboratory

Table 1. Normality Test Result
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Thus, although all classes improved in scientific
literacy, the experimental class showed greater gains than the
control class. This indicates that implementing virtual
laboratories in science learning has a positive impact on
students' scientific literacy. Although all classes showed an
increase in scientific literacy, the experimental class showed
a larger increase than the control class.

Using the PhET virtual laboratory on temperature and
heat helps improve students' scientific literacy (Figure 2).
Through interactive simulations, students can directly
observe the phenomena of heat transfer, temperature
changes, and energy transformations without the limitations
of physical laboratory equipment. The exploration,
observation, and analysis activities carried out while using
PhET help students understand scientific concepts more
deeply, interpret experimental data, and connect theories to
phenomena in everyday life. Thus, the PhET virtual
laboratory not only improves understanding of the concepts
of temperature and heat but also develops scientific literacy
skills, including explaining scientific phenomena, evaluating
scientific evidence, and making data-driven decisions.

Data Normality Test

Data normality was tested using the Shapiro-Wilk test
with IBM SPSS Statistics. The basis for decision-making is
that if the significance value (Sig.) is greater than 0.05, the
data is declared normally distributed. Meanwhile, if the
significance value is less than 0.05, the data is declared non-
normally distributed[22].

Data Class Statistics df Sig, Information
Pretest Control 1 0.97 26 0.82 Normally Distributed
Control 2 0.95 26 0.23 Normally Distributed
Experiment 1 0.97 26 0.76 Normally Distributed
Experiment 2 0.96 26 0.51 Normally Distributed
Posttest Control 1 0.97 26 0.24 Normally Distributed
Control 2 0.95 26 0.06 Normally Distributed
Experiment 1 0.97 26 0.12 Normally Distributed
Experiment 2 0.96 26 0.27 Normally Distributed

Based on the results of the normality test, the
significance value (Sig.) for the pretest and posttest data
from all classes is above the significance level o = 0.05. In
the pretest data, the significance values are 0.82 for Control
Class 1, 0.23 for Control Class 2, 0.76 for Experimental
Class 1, and 0.51 for Experimental Class 2. Meanwhile, in
the posttest data, the significance values are 0.24 for Control
Class 1, 0.06 for Control Class 2, 0.12 for Experimental
Class 1, and 0.27 for Experimental Class 2. According to the
testing criteria, data is considered normal if the significance
value is greater than 0.05. It can be said that all pretest and
posttest data from both the control and experimental classes
are normally distributed and suitable for parametric
statistical analysis. These results are consistent with
statistical testing procedures in educational research,
indicating that parametric analysis, such as the independent
sample t-test, can be applied appropriately to evaluate
differences between groups [23].

Data Homogeneity Test

The homogeneity test uses IBM SPSS Statistics with
the Levene Test at a significance level of 0.05 to determine
whether the data variances in each research group (control
and experimental) are similar (homogeneous).

Table 2. Homogeneity Test Results

Test Levene Dfl Df2 Sig. Status
Statistics

Pre 1.41 3 100 935 Homogeneous

Post 930 3 100 429  Homogeneous

Based on the Levene test results, the significance
values for the pretest and posttest were 0.935 and 0.429,
respectively. Both values are greater than the 0.05
significance level, indicating that there is no significant
difference in variance between the control and experimental
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classes, both in the pretest and posttest data. Thus, it meets
the requirements for further parametric statistical analysis,
such as the independent sample t-test.

Data Hypothesis Testing

Hypothesis testing used an independent-samples t-
test to compare students' scientific literacy between the
experimental and control classes. The experimental class
received the treatment, while the control class received no
virtual laboratory treatment. The test results are shown in the
following table [24].

Based on the results of the independent sample t-test,
the significance value of the Levene test in SMP Negeri 1

Table 3. Hypothesis Test Results
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Suwawa was 0.284, and in SMP Negeri 2 Suwawa was
0.616. Both values are greater than 0.05, so the data is
declared homogeneous. In addition, the significance value
(Sig. 2-tailed) in both schools is 0.000 (<0.05), indicating a
significant difference between the experimental and control
classes. Therefore, Ho is rejected and H. is accepted, where
interactive learning media based on virtual laboratories are
proven to have a significant effect on students' scientific
literacy. This finding is consistent with previous studies that
reported that virtual laboratories and PhET-based learning
can effectively improve students' scientific literacy,
conceptual understanding, and scientific reasoning skills
[25].

Class Levene Sig. t-count df Sig.(2-failed) Information
Control 1 vs Experiment 1 0.284 -7.077 50 0.000 Ho rejected
Control 2 vs Experiment 2 0.616 -10.530 50 0.000 Ho rejected

N-Gain Test

The N-Gain test was used to determine the
effectiveness of learning in improving students' scientific
literacy. The N-Gain analysis in the study used the
normalized average gain for each class: control class 1,
control class 2, experimental class 1, and experimental class
2[26].

Table 4. N-Gain Test Results

Class N-Gain Criteria
Control 1 0.17 Low
Control 1 0.14 Low
Experiment 1 0.63 Currently
Experiment 2 0.63 Currently

Based on the table, N-Gain shows the average in
Control Class 1 is 0.17 and in Control Class 2 is 0.14, both
of which are categorized as low. Meanwhile, Experimental
Class 1 and Experimental Class 2 each obtained a score of
0.63, which is categorized as medium. It is stated that the
increase in scientific literacy in the experimental class is
higher than in the control class. Therefore, interactive
learning through virtual laboratories is more effective at
improving students' scientific literacy. This result is
supported by previous research, which states that interactive
virtual laboratories can improve investigation skills and
scientific literacy [27].

Conclusion

Based on the research results, the conclusion is that
the use of interactive learning media based on virtual
laboratories significantly improves students' scientific
literacy in the material on temperature and heat at SMP
Negeri 1 Suwawa and SMP Negeri 2 Suwawa. This is
supported by the results of the independent-samples t-test,
which indicate that Ho is rejected and Hi is accepted. Then,
strengthened by the N-Gain analysis of Experimental Class
1 and Experimental Class 2, each obtained an N-Gain value
of 0.63 in the medium category, while Control Class 1 and
Control Class 2 obtained a value of 0.17 and 0.14 in the low
category. Therefore, teachers are advised to integrate virtual

laboratory activities into science learning, especially for
abstract  topics  that require  visualization and
experimentation, such as temperature and heat. This research
contributes to the development of digital-based science
learning. Further studies are recommended to investigate the
implementation of virtual laboratory learning on science
topics involving a larger research population.
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