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Abstract: This research aims to determine the extent to which the effectiveness 
of virtual laboratory-based interactive learning media through a differentiated 
approach can influence students' scientific literacy. The study was conducted 
on SMP Negeri 1 Tilango, Gorontalo district class VII students. This research 
uses a one-group pretest-post-test design. Based on the results of the T-Test, it 
was found that for the experimental class, the average ability of students to 
identify problems scientifically was 76.67%, the ability to explain scientific 
phenomena was 79.92%, and to draw conclusions based on scientific evidence 
was 70.49%. In the Replication class, the average ability of students to identify 
problems scientifically was 76.46%, the ability to explain scientific phenomena 
was 81.71%, and the ability to draw conclusions based on scientific evidence 
was 70.07%. An increase in students' scientific literacy was obtained using the 
N-Gain test, and the average results obtained in the experimental class were 
0.85 (high) and the replication class 0.84 (high). This means that the students' 
scientific literacy skills in both the experimental and replication classes are in 
a good category, so it can be concluded that the virtual laboratory-based 
interactive learning media through a differentiated approach is effectively 
used as a learning media in science subjects, especially the material on 
substance and change. 
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Introduction 
 

Students are familiar with technology-related 
things in the process of acquiring knowledge, 
particularly in today's era. The learning process 
components consists of various interconnected 
components: curriculum, teachers, students, materials, 
methods, media, and evaluation (Fütterer et al., 2023; 
Irwan et al., 2024; Ramli et al., 2024). Learning media is 
any tool or resource that conveys messages and inspires 
students' thoughts, emotions, and motivations, fostering 
an effective learning process (Nasution et al., 2023; 
Hosna & Samsul, 2015; Clark & Mayer, 2023; Abubakar 

et al., 2023). One example of effective learning media is 

virtual laboratory-based interactive multimedia. 
Interactive media includes elements that allow users to 
interact actively with the subject they are studying, such 
as games, simulations, choices, and direct feedback 
(Brown, 2024; Jafnihirda et al., 2023; Garrand, 2023). It 
allows students to engage actively in the educational 
process through interactive exercises including asking 
questions, debate, and conduct experiments (Hilmi & 

Hasaniyah, 2023; Vale & Barbosa, 2023; May et al., 2023).  
Interactive media that allows students to use 

applications freely and efficiently is a virtual laboratory 
(Darwis & Hardiansyah, 2021; Yusuf & Widyaningsih, 
2020; Ali et al., 2022). Virtual laboratories are engaging 
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and interactive simulation tools designed to illustrate 
and explain physical concepts or phenomena being 
studied (De Jong et al., 2013; Abdjul et al., 2019; 
Potkonjak et al., 2016; Daineko et al., 2017). According to 
Radhamani et al. (2021), virtual laboratories are one of 
the superior products of advances in information 
technology and laboratories, which are interactive 
places where simulation experiments can be carried out. 
The virtual laboratory consists of a simulation program 
domain that depends on it, experimental units called 
objects, which consist of data files, tools that operate on 
the objects, and reference books (Castro, 2024; Deniz et 
al., 2022). 

Science learning with a virtual laboratory 
practicum with the PhET application can display 

interactive media in the form of images or animated 
movements designed to resemble a game. It has the 
potential to facilitate understanding of material concepts 
by allowing students to carry out experiments 
independently and in a way that best suits their needs 
(Darwis & Hardiansyah, 2023; Prasetya et al., 2022; 
Gunawan et al., 2023). A virtual laboratory is an 
interactive simulation media using fun applications that 

can attract students' interest in learning and explain 
physical concepts in the learning process outside or 
inside the classroom (Muslem & Mohammed, 2023; 
Apandi et al., 2023; Mensah, 2023). 

One learning approach that can be used by 
implementing virtual laboratory-based interactive 
learning includes differentiation learning. Differentiated 
learning is learning created by teachers to meet the 
learning needs of students in the class, which includes 
learning readiness, interests, and learning profiles (Faiz 
et al., 2022). It can create effective learning and answer 
the diverse learning needs of students and their 
potential. So that students have the freedom to learn and 
their learning rights can be adequately fulfilled 
(Lagarusu et al., 2023). 

Apart from learning media, choosing a learning 
approach is very important to assist students in 
addressing real-life challenges, such as a differentiated 
approach. Differentiated learning is one of the 
approaches used in managing the learning process, 
where students' characteristics and abilities are 
considered (Shaifudin, 2020). Differentiated learning is 
an essential method in education because each student 
is unique in learning and understanding the world 
around them. Differentiated learning is a responsive 
learning approach. It can accommodate differences in 
student learning styles, interests, previous knowledge, 
socialization needs, comfort zones, and encourages 
students to achieve learning goals together (Farinta & 
Mahmudi, 2024; Benjamin, 2002). Classroom learning 
quality can improve through appropriately 

differentiated learning, including literacy habituation 
activities (Pratama, 2022; Saptandari et al., 2022). 

Virtual laboratory-based interactive learning media 
through a differentiation approach can help students 
analyze and addressing real-life challenges to prepare 
students for the workforce reflects the essence of 
scientific literacy, which involves applying knowledge 
to solve practical problems. Scientific literacy is a crucial 
goal in science education. The National Research 
Council in Ismail et al. (2016) stated that scientific 
literacy has become the primary objective of science 
education because it enables students to grasp concepts 
intellectually and develop scientific skills and attitudes 
that can be applied in real-world situations. 
 

Method  
 

This research is classified as quantitative research 
with a quasi-experimental type with a pretest-posttest 
control group design. This research was conducted on 
SMP Negeri 1 Tilango, Gorontalo Regency class VII 
students in the academic year 2024/2025. The samples 
used in this research were class VIIa students as the 
experimental class and class VIIb as the replication class. 
Students in both classes are treated equally by applying 
virtual laboratory-based interactive learning media 
through a differentiated approach. The research flow 
chart uses the ADDIE (Analysis, Design, Development, 
Implementation, & Evaluation) development model in 
Figure 1. 

 
 
 
 
 
 
 
 
 

 
 

Figure 1.  Flow chart of the ADDIE Model 

 
This research was carried out in 7 meetings for the 

two classes. At the first meeting, students in the 
experimental and replication classes were given a pre-
test, then continued with the same treatment, namely by 
implementing virtual laboratory-based interactive 
learning media through a differentiated approach to 
education. The research activity and implementation of 
virtual laboratory in the classroom in Figure 2 and 
Figure 3. After learning activities for the experimental 
class 3 times and the replication class 3 times, students 
in the two classes were given posttest questions to 
measure their' scientific literacy abilities.  

Analysis Design 

Development 

Evaluation Implementation 
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The instrument employed in this research is a 
scientific literacy assessment with three indicators of 
scientific literacy according to PISA: identify problems 
scientifically, explain scientific phenomena clearly, and 
use scientific evidence. The statistical test used to 
determine the percentage of classical completeness of 
students' scientific literacy abilities in substance material 
and its changes is the independent sample t-test. The N-
Gain test was utilized to measure the extent of 
improvement in students' scientific literacy skills after 
implementing virtual laboratory-based interactive 
learning media through a differentiated approach. 
 

 
 

Figure 2. Research activity in the classroom 

 

 
 

Figure 3. Implementation of virtual laboratory-based 
interactive learning 

 

Result and Discussion 
 

Virtual laboratory-based interactive learning can 
enable students to participate actively in the learning 
process through interactive exercises, such as asking 
questions, debating, and conducting experiments. The 
effectiveness of interactive learning using virtual 
laboratories is evident in improving students' scientific 
literacy, particularly in their ability to identify scientific 
issues, explain scientific phenomena, and draw 
conclusions supported by scientific evidence. The 
students' scientific literacy consists of identifying 
problems scientifically (XX), describe scientific 
phenomena (XY) and conclude from scientific evidence 

(XZ). The percentage of students' scientific literacy in 
these three aspects can be seen in Figure 4. 

Based on Figure 4, the experimental class, the 
average ability of students to identify problems 
scientifically was 76.67%, the ability to explain scientific 
phenomena was 79.92%, and to draw conclusions based 
on scientific evidence was 70.49%. In the Replication 
class, the average ability of students to identify problems 
scientifically was 76.46%, the ability to explain scientific 
phenomena was 81.71%, and the ability to draw 
conclusions based on scientific evidence was 70.07%. 
However, the literacy skills of experimental and 
replication class students in drawing conclusions based 
on scientific evidence are good (Sidiki et al., 2024; Janz, 
2016; Oktaviani & Abdjul, 2024). 

 
Figure 4. Percentage of Students' Scientific Literacy 

 
The scientific literacy abilities of students in both 

experimental and replication classes have increased 
after implementing virtual laboratory-based interactive 
learning media through a differentiated approach (El-
Sabagh, 2011; Parmar et al., 2024). This can be seen from 
the results of observations in Table 1. 
 
Table 1. Results of N-Gain Test Analysis 

Category Experimental class (%) Replication class (%) 

High 91.30 87.50 

Medium 8.70 12.50 

Low 0.00 0.00 

 
Based on Table 1, it can be seen that students in the 

experimental class who experienced an increase in 
scientific literacy were 91.30% in the high category, and 
8.70% were in the medium category. If viewed per 
indicator, the improvement in students' scientific 
literacy was observed in their ability to scientifically 
identify problems, explain scientific phenomena, and 
draw conclusions based on scientific evidence in the 
experimental class reached an average of 0.85 in the high 
category. In the replication class, the ability to identify 
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problems scientifically, describe scientific phenomena 
and make inferences based on scientific evidence 
averaged 0.84 or was in the high category. The students' 
scientific literacy achievements in identifying problems 
scientifically and explaining scientific phenomena in the 
experimental and replication classes are in a good 
category. 

Increasing students' scientific literacy due to the 
learning media used is one of the efforts to improve the 
quality of education, which aims to shift the use of 
conventional media towards the use of learning media 
that is in line with current technological and information 

developments in the era of revolution 4.0. A virtual 
laboratory is a software application designed to simulate 
experiments without physical execution. It enhances 
activities that are not feasible in real-life settings, making 
virtual laboratories an alternative medium for science 
practical to support practicums if impossible 
(Kusmawan, 2022; Ismail et al., 2016; Hendra et al., 2020; 
Rosli & Ishak, 2022). Learning implementation data is 
based on observer observations of class VII students 
(replication class) at meetings 1, 2, and 3, as shown in 
Figure 5. 

 

 
 

Figure 5. Percentage of Learning Implementation 

 
Based on Figure 5 both in the experimental and 

replication classes, the teacher's implementation of 
learning by applying the learning media developed is, 
on average, in the very good category. For the 
experimental class, an average of 86.67% of learning 
implementation aspects were carried out very well, and 
13.33% of aspects were not implemented. In the 
replication class, 81.67% of the learning implementation 
aspects were carried out well, and the teacher did not 
implement 18.33% of the learning aspects. 

Student Responses in Class VII of SMP Negeri 1 
Tilango are students' responses after implementing 
virtual laboratory-based interactive learning media 
using a differentiated approach in the experimental and 
replication classes in Table 2. 
 
Table 2. Responses after implementing virtual 
laboratory-based interactive learning media 

Indicators 
Experimental 

Class (%) 
Replication 

Class (%) 
Category 

Feelings of Joy 85.22 79.00 Good 

Involvement 83.70 78.00 Good 

Interest 81.52 88.20 Good 

Attention 79.35 82.68 Good 

Based on the data in Table 2, the average student 
response shows that feelings of happiness, involvement 
in learning, interest in the media, and attention to the 
teacher during the learning process are in a good 
category (Okono, 2023; El-Sabagh, 2011). Based on data 
on learning implementation and student responses to 
learning that applies virtual laboratory-based interactive 
learning media using a differentiated approach 
practically applied in learning, especially on the concept 
of substances and their changes. 
 

Conclusion  
 

Virtual laboratory-based interactive learning can 
enable students to participate actively in the learning 
process through interactive exercises, such as asking 
questions, debating, and conducting experiments. 
Students in the experimental class who experienced an 
increase in scientific literacy were 91.30% in the high 
category, and 8.70% were in the medium category%. An 
increase in students' scientific literacy was obtained 
using the N-Gain test, and the average results obtained 
in the experimental class were 0.85 (high) and the 
replication class 0.84 (high). This means that the 
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students' scientific literacy skills in both the 
experimental and replication classes are in a good 
category.  
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