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ABSTRACT This study investigates the role of environmental insight—defined as students’ prior knowledge—and the use
of a virtual reality laboratory in exploring celestial bodies and solar system content integrated with Qur’anic science, with a
focus on their effects on students' argumentation abilities. The research employs a quasi-experimental design, utilizing a virtual
reality laboratory to enhance students’ scientific argumentation during learning. Four junior high school science classes
participated, categorized based on their previous levels of environmental insight and exposed to either virtual reality or
conventional laboratoty learning environments. The study found that the virtual reality laboratory significantly influenced
students’ argumentation related to celestial bodies and the solar system, particularly when these topics were contextualized
through Qutr’anic science. Students began to construct more structured arguments when engaged in interactive dialogues about
celestial phenomena. Critical argument components emetrged specifically during discussions involving Qurt’anic integration.
Morteover, environmental insight was found to significantly affect students’ environmental and scientific argumentation within
this integrated context. Importantly, students with low prior environmental knowledge were still able to outperform peers with
higher prior knowledge when supported by virtual reality learning and interactive discussion. These findings highlight the
importance of both prior environmental understanding and immersive, interactive learning environments in fostering scientific
argumentation skills.
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1. INTRODUCTION an environmental lens (Hasnunidah et al., 2019). These
Scientific argumentation skills play a crucial role in components include:

enabling students to articulate their arguments with valid e Claim: Defines the direction and focus of arguments,

evidence, rooted in a deep understanding of concepts, representing key topics imparted by educators

skills, and scientific thinking (Novanda et al., 2024). These (Dawson, 2024).

skills are increasingly integrated into learning processes to e Ground: Serves as the foundation and support for the

facilitate the acquisition of new knowledge (Apriyani & claim, linked to students' environmental insights

Alberida, 2023). Key variables influencing argumentative (Hirmi et al., 2021).

learning patterns include: (1) technology-based teaching
methods and media (Matovu et al., 2023; Ramli et al., 2023;
Murdani et al.,, 2023); (2) students' eatly environmental
insights (Rauf et al., 2021; Grogan et al., 2023); and (3)
internalization of specific teaching topics (Haley &
Uusimaki, 2024).

The Toulmin Argumentation Pattern (TAP) is a
recognized model consisting of six components that shape

e Warrant: Connects data to claims through general
principles (Dawson, 2024).

e Backing: Reinforces the warrant, often through
collaborative methods and teaching materials
(Jumariati et al., 2021).

. | .
the quality of students argumentation (Rahayu e't al.,.202.0). Received: 31 December 2024
TAP has been shown to influence students' scientific Revised: 21 March 2025
thinking, behavior, and communication, particularly with Published: 29 March 2025
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e Rebuttal: Tests the strength of evidence by identifying
weaknesses (Majidi et al., 2021).

e Qualifier: Indicates the confidence level in the claim
(Irvan et al., 2020).

Scientific arguments are distinguished from those in
other fields by the integration of claims, evidence, and
justification (Imaniar &  Astutik, 2019). Effective
argumentation learning is best supported by real-life and
contextual learning environments (Jumariati et al., 2021).
Innovations like virtual real laboratories simulate authentic
lab experiences and provide interactive, computational
learning opportunities (Purwaningtyas et al., 2022;
Safiatuddin & Asnawi, 2023; Mulya et al., 2021). Science
topics, particularly in natural sciences, benefit greatly from
such immersive technologies (Asare et al., 2023).

Recent research focuses on various factors influencing
students' scientific argumentation (Majidi et al., 2021),
including contextual understanding and teacher innovation
(Chen & Chen, 2024). Independent science learning must
be communicated accurately and rationally (Hendratmoko
et al., 2023). Integration of science with religious contexts,
such as the Qur'an, has gained attention for its role in
deepening student engagement and values (Sukamad et al.,
2023; Riwanda et al., 2024; Ghofur et al., 2021). The
Qur'anic approach enhances gratitude, curiosity, and
research motivation (Uroidli et al., 2024).

Despite the emphasis on TAP components and their
benefits, there remains limited analysis of the interaction
between students' environmental insights and the influence
of technology-based media on argumentation patterns
(Andreani & Yonata, 2024; Nakrowi et al., 2024). Prior
knowledge and environmental insight are critical in
determining students' academic and argumentation success
(Liu et al, 2018). This study introduces the use of real
laboratory visualization and compares students' insights
and content internalization to assess argumentation quality
(Meiliana, 2024). The research questions are:

e How does real laboratory learning affect students'
argumentation ability on celestial topics integrated with
Qut'anic science?

e How does students' environmental insight affect their
argumentation ability on celestial topics integrated with
Qut'anic science?

1.1 Theoretical Framework

Environmental Insight and the Conditioning of Virtual
Real Laboratory Learning

Previous studies have found that students’
environmental insight significantly affects their ability to
formulate arguments when understanding academic
material. Students’ perception of the learning environment
is a key factor influencing scientific argumentation skills
(Ginting et al., 2023). A lack of environmental insight can
hinder students' ability to express themselves socially and
communicate effectively with peers (Hulu et al., 2022). If
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not addressed, this character gap in social interaction can
lead to further issues (Revalina et al., 2023). The challenge
of fostering environmentally conscious character is often
reflected in students’ daily behavior patterns (Fiolanisa et
al,, 2023). Environmental insight is developed through the
cultivation of positive character traits, along with a deep
understanding and implementation of knowledge related to
memotized content (Ismail et al., 2019; Mebert et al., 2020).

Educational researchers emphasize the importance of
giving students with low environmental insight
opportunities to improve (Buerkle et al., 2023). Academic
growth can be achieved through a structured and rigorous
learning process (Wilson et al., 2021). Students with limited
insight may struggle to express their cognitive
understanding effectively, often due to misaligned teaching
and assessment methods (Dunlosky et al., 2013; Munna &
Kalam, 2021). To address this, science educators are
encouraged to design learning sequences that develop high-
level  thinking  skills—such as  problem-solving,
argumentation, and skill internalization—across all grade
levels (Winarto et al., 2022). Learning activities should be
inclusive of students’ diverse environments, backgrounds,
languages, cultures, and knowledge shaped by everyday
experiences (Abacioglu et al., 2023). Supporting students in
expressing  their  arguments fosters  educational
development regardless of their backgrounds (Brown et al.,
2023). Notably, argumentation skills are not necessarily tied
to initial academic performance (Darmaji et al., 2022); some
students with lower grades have outperformed their peers
in argumentation-based assessments (Ho et al, 2019;
Chitera et al., 2025).

While environmental insight plays an important role, it
is not the sole predictor of academic success (Mebert et al.,
2020). Educators must carefully assess students’
environmental understanding to effectively implement
argumentation learning (Villarreal Arroyo et al., 2023). The
Toulmin Argument Pattern (TAP) construction process
requires activation of this insight (Steensen et al., 2020).
Research has shown that technology-based learning models
can effectively trigger students' initial understanding. When
arguments are structured around communicative,
convetgent, and systematic questioning, students' memory
recall is enhanced—tesulting in arguments that are
grounded in stronger evidence (Bulent et al., 2016). Over
time, this dialectical learning model fosters a naturally
structured pattern of argumentation as part of students’
daily habits.

Virtual real laboratory models have been used in
previous studies to enhance students' argumentation
abilities (Agustina & Putra, 2022). These studies found that
environmental insight had a significant impact on students’
research  abilities,  argumentation, and  teaching
performance. Peer interaction also influenced the
development of scientific concepts and methods in
argumentative contexts (Wilson et al., 2021; Chitera et al.,
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2025). Educational stakeholders view this as a positive
approach, particularly for students with low initial
environmental  insight ~(Nakrowi et al, 2024).
Environmental insight can be optimized through
intentional conditioning of the virtual real laboratory
learning environment—this includes peer interactions,
interactive learning features, and teacher support (Steensen
et al., 2020).

Social Interaction in Argumentation-Based Learning on
Celestial Bodies and the Solar System

Argumentation, as a skill for revealing information, can
be categorized based on how conclusions are reached in
the methodological process. Prior research distinguishes
between monological and dialogical argumentation
(Purwaningtyas et al., 2022). Monological argumentation is
typically implicit and deductive, focusing on a single
conclusion. However, monological reasoning should not
be narrowly interpreted as solitary thinking—it also
involves constructing intuitive cases that support research
(AlF-Ajmi & Ambusaidi, 2019). In contrast, dialogical
argumentation emphasizes social coordination, critical
thinking, and cognitive creativity (Munna & Kalam, 2021).

Research has shown that the presence of teaching
resources within student social interactions can influence
their scientific understanding and knowledge construction
(Wilson et al., 2021). Coordinated group learning activities
help students shift perspectives, engage in communal
knowledge-building, and develop accountability in shaping
their character (Hirmi et al.,, 2021). In science courses,
conceptual reasoning often promotes collaboration as
students develop strong, evidence-based arguments in
response to cognitively demanding tasks (Ho et al., 2019).
These collaborations also enhance reflective learning
(Matovu et al., 2023).

Although argumentation-based learning can be applied
in both monological and dialogical formats, monological
forms are more commonly used. In most cases, student-
teacher interactions are limited to guided Q&A sessions,
with litle emphasis on developing students’ own
argumentative structures (Dawson, 2024).

Many junior and senior high school students face
challenges in both individual and collaborative
argumentation settings. These challenges include reviewing
relevant literature, generalizing data to form conclusions,
making claims supported by evidence, and rebutting
arguments with strong counterevidence. Structured
questioning helps guide students to develop arguments
with clear claims and data, including refutations. When
students are given credible, methodologically aligned
prompts—such as those structured around the six Toulmin
elements—they are more likely to develop complex
arguments. To strengthen students’ collaborative
argumentative skills, educators can employ strategies such
as guided language use, scaffolding intermediate language
skills, and providing group-level instruction (Moser &
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Mercer, 2020). Regardless of their initial insight levels,
students benefit from peer collaboration, which enhances
understanding (Liu et al., 2018). The collaborative model
creates variation in learning outcomes and allows for
integration of teaching content across topics.

Scientific rationalization within collaborative learning
facilitates methodological exploration in integrated
instruction. This research investigates the effectiveness of
such integrated learning—comparing how general versus
topic-specific learning (such as celestial bodies and the
solar system) affects students’ argumentation abilities
(Sunhaji, 2018).

Virtual Real Laboratory for Celestial Bodies and the Solar
System Internalized through Qur'anic Science

A literature review shows that integrated or internalized
learning can take many forms depending on how content
is combined collaboratively (Hasnunidah et al., 2019). Ian
G. Barbour, in his theory of “scientific theology,” proposed
integrating science and religion, where science explains
how nature works, and religion offers insight into the
meaning behind the universe (Waston et al., 2024). This
study critically explores Barbour’s theory through dialogue,
appreciation, and reflection (Képpen et al., 2022). Based on
his framework, the research identifies three applicable
educational approaches: (1) meaningful learning, (2)
structured science learning, and (3) internalized religious
learning.

The first concept refers to learning that builds mental
and moral structures—such as concepts of right and
wrong, health and illness, or physical qualities like light and
heavy (Jumariati et al., 2021). The second concept involves
structured curriculum delivery, where science knowledge is
taught through carefully planned instruction aligned with
innovative and effective strategies (Rahmah & Novita,
2024). The third concept addresses the differentiation of
learning models—both in scope and in assessment
methods—and applies to all faith-based schools. However,
this study focuses on Islamic education, particularly the
emerging field of Qur'anic science.

Educational experts and psychologists agtee that not all
students receive equal opportunities to benefit from all
three conceptual approaches (Moser & Mercer, 2020).
Successful implementation of integrated learning requires
qualified teachers, appropriate methods, and relevant
instructional models (Winarto et al., 2022). Prior studies
report that many students struggle to link theological
concepts with general science knowledge—particulatly in
learning about the solar system—due to the cognitive
demands exceeding their level of understanding. The
transition from general scientific knowledge to Qur'anic
science is a complex process requiring careful instructional
design. Inexperienced teachers often face challenges
teaching such integrated content (Wasehudin et al., 2022).
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Figure 1 A quasi-experimental design by researchers

Traditional argumentation techniques are declining in
favor of technology-assisted methods that provide greater
flexibility and appeal (Pho et al, 2021). Virtual real
laboratories (VRLs) offer simulated digital environments
that mimic physical lab conditions. These simulations allow
students to experiment with variables and observe
outcomes in a controlled virtual space. Prior studies used
Physics Education Technology (PhET) to support
understanding of wave and sound concepts, demonstrating
improved research accuracy and data interpretation
(Maulidah & Prima, 2018). Other studies developed
STEM-based virtual labs to improve science literacy on
topics such as water pollution (Ismail et al., 2016; Sellberg
et al, 2024). The Sophisticated Thinking Blended
Laboratory  (STB-LAB) was shown to improve
argumentation skills through repeated practice involving
structured syntax and disposition phases (Agustina &
Putra, 2022).

This research continues that legacy, aiming to enhance
students' argumentation skills through the use of virtual
real laboratories while integrating different educational
methods. The study focuses on improving students’
argumentation by accounting for their environmental
insight and leveraging the growing emphasis on
curriculum-integrated religious content.

2. METHOD
2.1 Participants and Procedures

The research sample comprised 100 students, divided
into groups based on their level of environmental insight—
either high or low—determined by the average daily
assessment scores across four classes. These daily
assessments were conducted prior to the implementation
of the virtual real laboratory (VRL) learning. This
procedure aimed to evaluate students’ understanding of
celestial bodies and the solar system according to the level
of insight they had gained while studying these topics.
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Scores were normalized on a scale of 0-100. Students
scoring 80 and above were categorized as having high
environmental insight, while those scoring 79 and below
were categorized as having low environmental insight. The
participants were then assigned to either a control group,
which followed monological individual learning, or an
experimental group, which used a dialogical VRL to
facilitate argument exchange. Each VRL group consisted
of four to five members.

The results were analyzed using a t-test to compare the
average scores across the four classes that contributed to
the daily assessment data, determining the significance of
each variable individually.

This study employed a quasi-experimental design, as
illustrated in Figure 1. The three components of Kuhn’s
Argumentation Triangle Model were treated as
independent variables. Environmental insight and
argumentation skills served as between-subject variables,
while the content on celestial bodies and the solar system
was treated as a within-subject variable.

Before participating in VRL learning, all students were
introduced to Toulmin’s Argumentation Pattern, which
includes six elements: claim, ground, watrant, backing,
rebuttal, and qualifier, along with their interrelationships.
Next, students took two pretests: a Science Concept Test
(SCT) on celestial bodies and the solar system, and a
Scientific Argumentation Test (SAT) focused on
environmental insight.

All students then engaged in VRL sessions in the
classroom using 2D and 3D augmented reality learning
media and innovative educational applications. After the
VRL learning experience, the SAT was administered again
to assess improvements in students' argumentation skills.
2.2 Argumentation in Virtual Real Laboratory Learning

The VRL approach promotes an integrated learning
method that emphasizes the development of students’
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argumentative skills. The topics used to explore students'
argumentative abilities included:

o (elestial Bodies
e Solar Systems
e [EHclipses

e  Celestial Events

These four topics align with the junior high school
learning objectives defined by the Independent Curriculum
standard. Argumentation indicators for each component
were tailored to these topics.

The VRL presentations were supported by digital
teaching aids, such as introductory materials and short
space-themed films, to stimulate students' interest in
science. Reciprocal questioning was employed as a key
strategy to encourage students to build arguments during
the program. A sample display from the VRL simulation
developed by the researchers is shown in Figure 2.

21,57 years
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Figure 2 Virtual simulation of real laboratory by researcher

The VRL environment enabled both collaborative and
individual practical activities. Group discussions formed
the core of collaborative practice, while individual tasks
included recording, reviewing, and reflecting on arguments.
The VRL environment also encouraged students to
support their arguments with evidence, and students were
prompted to construct various arguments and engage their
curiosity, even beyond the confines of the VRL templates.
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2.3 Instruments

The researchers utilized two instruments:

e Science Concept Test (SCT)
e  Scientific Argumentation Test (SAT)

Scientific reasoning-based assessment is crucial for
producing statistically comparable results across different
test formats (Schreiner, 2024). The SCT was developed as
a baseline measure of students’ argumentative skills prior
to VRL instruction. It consisted of 30 items:

e 15 multiple-choice questions (1 point each, correct
answer only)

e 5 descriptive questions (scored from 4 to 1 points)

e 10 socio-emotional questions contextualized through
Qur’anic science (scored from 4 to 1 points)

The maximum possible score on the SCT was 75.
Content validity was ensured through a panel of three
experts—one professor and two science teachers. The
test’s internal consistency, measured by Cronbach’s «, was
0.87.

The SAT was administered as an open-ended test,
consisting of written scenarios designed by the researchers.
It was adapted from earlier studies to evaluate students’
scientific argumentation skills in the context of the study
(Fakhriyah et al., 2022). SAT topics mirrored those used in
VRL learning.

Students were asked to respond to each question using
the six Toulmin components. They were encouraged to
generate at least three argument positions per scenatio.
Each argumentative question allowed a maximum of six
arguments, one for each Toulmin element. With six
scenatios, students could produce up to 36 arguments.
These were assessed using an analytical scoring framework.
2.4 Argumentation Theory Analysis

Argument data from both the SAT and the VRL
sessions were analyzed using a framework based on
argument component levels, as shown in Table 1.

The analysis involved two main stages:

e Categorization of arguments based on the six Toulmin
components: claim, ground, warrant, backing, rebuttal,
and qualifier.

e Validation and quality analysis, where each argument
component was rated as either Level 1 (low) or Level
2 (high) based on content accuracy and relevance of
explanation.

Arguments supported by scientific theoties, data, or
principles were considered Level 2. Level 1 and Level 2
components were scored 1 and 2 points, respectively. The
inter-rater reliability (Cohen’s %) was estimated at 0.85.

To support students in constructing arguments,
argument scripts were provided for use during the SAT and
VRL activities. These included prompts such as:

“According to the definition/ gronping/ elaboration... I agree with
the argument...” (for supporting an argument)

J.Sci.Learn.2025.8(1).100-114
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Table 1 Descriptions of coding framework by researchers

Indicators Levels Description of the indicators of each level
Claim 1 A statement based on scientific observations clearly and determining the direction of the argument
2t The focus of the discussion is to have at least one supporting data and make a target for criticism
Ground 1 Arguments along with concrete and coherent reasons or evidence
2 Argument reinforcement statements and analysis of key claim-supporting data
Warrant 1 Analyze data-appropriate arguments
2 Connect claims with data
Backing 1 Additional support for justification of arguments and demonstrated rebuttal ability
2 Submit suggestions
Rebuttal 1 Evaluate the quality of arguments and identify weaknesses in arguments
2 Testing the strength of the evidence of an argument and providing rebuttals to inappropriate arguments
Qunalifier 1 Ensuring the veracity of claims
2 : Providing answers that are guaranteed to be accurate

Table 2 Multivariate analysis in science concept test

SS SS-QS Willos A Dependent Unvariate analysis
Source M 5D M 5D (Sig) variable F(sig) Posthoc Cohen’sd
Pre/Posttest

Approach 9/9.5 3/34  7.6/10.3 3.9/2.5 991(.648) SS 35 .09
V (N=72) L (N=65) 88/9.3 26/34 69/99 33/35 TV SS-QS .85 135
Environmental insights  9.4/10.8 2.9/29 7.7/11.3 3.9/2 784 (001) SS 21308 H>Lwk* .862
H (N=72) L. (N=65) 8.5/8 2.7/32 68/89 32/34 ' SS-QS 23800k H> ek 911
Approach X environmental insights 987 (528) 22_ Qs 1 .62

“T do not agree with/ support the statements/ ideas in/ on... due to
the imbalance in concepts/ chapters/ points...” (for refuting an
argument)

These scripted formats were introduced by the
researchers during the VRL to provide a structured
approach and help students systematically construct their
arguments. This also facilitated easier categorization and
evaluation of argumentative skills.

2.5 Data Analysis

Multivariate analysis of covariance (MANCOVA) was
used to analyze SCT and SAT results for each research
question. The fixed factors included:

e Environmental insight
e Condition of VRL learning

The pretest scores were treated as covariates, and each
posttest served as a dependent variable. The data analysis
also involved the following assumption checks:

e Linearity test
e Homogeneity of variance-covariance matrices
e  Variance equivalence test

3. RESULTS

The researcher used two commonly used assumption
tests, the normality test, and the homogeneity test. The
researcher used the general graphical method
Kolmogorov—Smirnov and the normal probability plot on
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the normality assumption. The SAT post-test score was
found to be normal (o = .089) from the analysis results
showing that the test data was normal and met the
assumption of normality. Homogeneity was tested using
the Levene test with the results showing that the error
variance for the dependent variable (posttest SAT) had
similar conditions between VRL and non-VRL study
groups both in the main topic of celestial bodies and the
solar system (F(1, 136)= .432, o = .116) and internalized
Qur'anic science (F(1, 116)= .847, o = .359).

Table 2 shows that the approach variables do not affect
students' learning of celestial matter and the solar system as
well as the integration of Qut'anic science. On the other
hand, the vatiables of students' environmental insight have
a significant influence on learning about celestial matter
and the solar system (F = 21.26, o < .001) and the
integration of Qut'an science (F = 23.76, o < .001). The
results of the post hoc provided information that the group
with high environmental insight had better material
absorption and productivity than the peer group who had
low environmental insight. The results of multivariate
analysis in science concept assessment are shown in Table
2.

3.1 Scientific argumentation test (SAT)

The VRL variable had a great influence on students'

argumentation on internalized topics only (F = 21.32, o

J.Sci.Learn.2025.8(1).100-114
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<.001). A significant influence also occurred on the
variables of students' environmental insight on the learning
of celestial body matter and the solar system without
internalization (F = 7.332, o <.05), while the internalization
of Qur'an science was not significant. The VRL study
group performed better than the non-VRL group and the
pre-previous high level according to the post hoc results.
Groups of environmentally friendly students get
progressive learning outcomes above students with low-
level environmental insights. Descriptive statistics showed
that the learning outcomes of low-environmental students
from the VRL group increased concerning the learning
materials of celestial bodies and solar systems. High
environmental insights in the non-VRL category had a
lower improvement than other categories. The results of
multivariate analysis in science argumentation assessment
are shown in Table 3.
3.2 Virtual real laboratory argumentation learning

The two-way ANOVA testis used as a reference for the
ability to argue in celestial matter and solar system systems
that are internalized by Qur'anic science). The results in

Table 3 Multivarate analysis in science argumentation test

Table 4 in the form of students' environmental insights (F
= 6.322, o < 05) have a slightly significant influence on
argumentation in internalized material. The results of the
post hoc show that students with high environmental
insight have much better performance than students with
minimal environmental insight. The progressivity of the
ability to argue significantly on the VRL topic of
environmental insight and so on (F = 94.834, 0 <.001). The
two-way repeated two-way ANOVA test is shown in Table
4.

The repeated bidirectional test of ANOVA significantly
showed the results in Table 5 with VRL learning
conditioning (F =51.26, p < .001) affecting the ability to
argue in celestial matter and the solar system internalized
by Qut'anic science. The VRL group had a more
progressive performance than the non-VRL group. The
results of data analysis inform that VRL learning
conditioning has a positive effect on students'
argumentative ability in celestial matter and the solar
system. However, students' environmental insights affect
their argumentative abilities only in integration with the
science of the Qut'an. In celestial bodies and solar system

SS $S-QS U iat lysi
Q Willk’'s A Dependent e
Source M SD M SD (Sig) variable F(si Post hoc Cohen’s d
Pre/Posttest g sig) osthoc Lohen's
Approach 11/18.2 7.9/7  65/20 52/8.3 865(.001) SS .052 024
V(N=72) L(N=65) 11.5/18.2 7.8/7.6 6.5/145 54/7 Y SS-QS 21.32%%k  C>IHR* .658
Environmental 15.8/21.8 8/7 9.4/20 52/84 SS 7.332%  H>L* 523
insights 951 (.037)
H (N=72) L. (N=65) 6.7/145  4/57  6.8/89 3.3/3.4 SS-QS 1.345 189
. . SS 2.354
Approach X environmental insights 995 (.523) $5-QS 789
Table 4 Two-way repeated ANOVA test results on celestial matter and the VRL solar system
Topic1 Topic 2 Topic 3 Topic 4 . Cohen’s
Source M D M D M D M D df F(sig) Post hoc dJ
Approach 4.50 2.43 634 245 878 4.57 5.49 4.82 ,
<[ *
V(N=72)L(N=65) 406 195 575 276 745 384 678 6ss = 0% HE 298
Environmental 4.67 2.87 585 634 878 3.78 6.67 3.76
insights 1 3.78 214
H (N=72) L (N=65) 4.95 1.46 578 578 7.90 3.87 6.98 3.68
Approach X environmental insights 1 5.20
Topic 2 94.830#k  3>okkk
2>1%*
Table 5 Results of the two-way repeated ANOVA test on the internalized material of the Qur'an science VRL
Topic 1 Topic 2 Topic 3 Topic 4 . Cohen’s
Source M D M D M D M D df F{(sig) Post hoc dJ
Approach 5.87 2.65 2.78 5.64 8.83 3.75 7.56 5.25 1 3.586 298
V (N=72) L. (N=65) 4.96 2.56 254 611 7.56 3.78 6.67 0.67
Environmental 6.87 2.52 7.02 715  9.54 4.86 8.02 4.65 51.20%%F  C>Ik** 214
insights 1
H (N=72) . (N=65) 3.89 1.78 4.65 472 745 2.26 6.45 3.45
Approach X environmental insights 1 4.00
Topic 2 50.68%F*  3>2wkk
2> %k
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materials, VRL learning can encourage students with lower
environmental insight to argue more like a group of
students with higher environmental insight. Results of the
two-way repeated ANOVA test on the internalized
material of the Qur'an science VRL are shown in Table 5.
3.3 Comparison of argumentation skills between VRL
groups that internalized Qur'anic science and non-VRL
groups that internalized Qur'anic science

The analysis of the VRL class internalized Qut'anic
science showed that the average student received 67.08
points (SD = 14.35). The average score of the internalized
material was 20.24 (SD = 8.76) and each topic of the
celestial body and solar system material was 24.67 (SD =
9.44). Most students were able to meet the indicators of
claims, justifications, and support for VRL arguments.
Some students were able to refute to provide criticism of
other students' opinions or their arguments. Figure 4
provides information on the average scores and results of
independent sample t-tests to compare argumentation
skills through trials between VRL and non-VRL classes in
internalized Qut'anic science material. The group of
students who were used as the trial obtained a better
average argument score in internalized Qut'anic science
material. However, no significant differences were found
between the VRL and non-VRL groups.

The argumentation ability of the VRL and non-VRL
groups reached a significant difference in the material of
celestial bodies and the solar system: celestial bodies (t =
8.46, Sig <.001), the solar system (t = 7.23, Sig <.001),
eclipses (5.54, Sig<.001) and celestial events (t = 3.55, Sig
<.001). These results imply that VRL learning conditioning
has a positive effect on students' argumentation, especially
those related to the material of celestial bodies and the solar
system. A comparison of the percentage of argumentation
ability of the VRL and non-VRL learning groups on the
four topics of celestial bodies and the solar system and four
topics that integrate Qut’anic science is shown

The comparison shows no significant difference
between groups with high and low environmental insight
on the material of celestial bodies and the solar system
internalized by the science of the Qur'an. Students with low
environmental insight can have good learning outcomes
equal to students with high environmental insight on the
material of celestial bodies and the solar system internalized
by the science of the Qur'an. The analysis shows that
students with high environmental insight can perform
better in almost all VRL argumentation activities compared
to students with low environmental insight. However, most
of the comparisons did not reach a significant level of
difference. These results imply that students with low
environmental insight have the potential to perform as well
as students with high environmental insight in VRL.
Students in the group with low environmental insight had
a better gradual increase in VRL learning arguments
regarding the material on celestial bodies and the solar
system internalized by Qut'anic science than other students
in the group with high environmental insight.

Average Score
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2 ] |
= 66.435185
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Figure 3 The comparison of argumentation between the two
approaches (VRL and non-VRL) in four topics not integrated
and integrate Qur’anic science

in Figure 3. 71
34 Comparison of students’ 70
argumentation skills with high and low o 69 /)\*-4'—“7
environmental insight 8 68 7 7

Information on the distribution and g 67 V4 7
comparison of average scotes between the g 66 ?’l B
arguments of students with high and low < 65 1
environmental insight in the material of 64
celestial bodies and the solar system. A 63
significant difference was found (t = 2.29, Sig 62 1 2 3 4
<.05) between the high and low —+—VRL_LEI 65 69.5 69 69.324
environmental insight groups on the topic of Non-VRL_LEI | 66.04166667 | 66.43518519 | 69.56666667 | 70.43518519
celestial events. A comparison of the VRL_HEI 67.08333333 65 69.73333333 69
percentage of argumentation ability of the Non-VRL_HEI | 65.83333333 | 66.43518519 | 69.43333333 | 70.43518519

VRL and non-VRL learning groups between
high with low prior knowledge students in
four topics not integrated and integrated
Qur’anic science is shown in Figure 4.
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Figure 4 The comparison of argumentation between high and low prior
knowledge students in four topics
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3.5 Dialogue on argumentation skills in the material of
celestial bodies and the solar system and
internalization of Qur'anic science

Students tend to have high-quality argumentative skills
through critical debate interactions or conversations in the
material of celestial bodies and the solar system. Critical
reasoning develops through debate topics or conversations
that suit students' interests. Here is an example of a
presentation of conversation interactions in the material of
celestial bodies and the solar system about 'celestial bodies'.
The process of argumentative dialogue on questions such
as: 'What is the difference between the activities of planets, the sun,
meteors, and other celestial bodies that affect the life of space circulation
[from virtnal real laboratory activities?'

Neti: V'RL reminds me of watching space movies in the cinema
before... the condition 1 saw at that time was probably the planet
rotating or revolving around the sun but the meteors were also similar
to the conditions of the planets. 1t seems that planets and meteors are
similar.

Wulan: As far as 1 understand, the activity of the planets is to
rotate and evolve along their respective orbits, the sun is the center of
the solar system becanse the planets always orbit or revolve around the
sun along its lines, and it is impossible for it not to be by the lines
becanse that is how Allah has determined it.

Ati: I don't think so; the activity of the universe with all celestial
bodies also adjusts its time. Indeed, planets rotate according to their
orbits, but the activity of each celestial body can change along with

Sactors that affect the condition of its characteristics. VRL does
provide simulations, but there are tines when it will also adjust to the
latest conditions of space.

Ria: It could be that the condition of space is related to the
reciprocity between the constituent particles and human carrying
capacity in preserving rather than destroying life.

The interactive dialogue implies that a student named
Neti has a misunderstanding when conveying the idea that
celestial bodies have the same activity conditions so that
their characteristics are the same. Neti's misunderstanding
of Wulan provides an opportunity to show a
counterargument as a criticism of Neti's opinion. Ari and
Ria in the discussion activity channeled their understanding
of the arguments expressed by Wulan. The interaction
between students in the dialogue process describes the
condition of the VRL group building weighted
argumentation skills. The dialogue above is concluded
from three discovery processes, namely, scientific concepts
about celestial bodies and the solar system cause confusion
and inaccuracy for students in explaining celestial bodies.
Second, rebuttal statements are then produced by other
students to provide an assessment of the inadequacy of the
information. Third, students indirectly practice the
collaboration of VRL learning conditions to build an
accurate scientific understanding. These three stages are the
characteristics of dialogue argumentation in the material of
celestial bodies and the solar system.
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In contrast to the process of dialogue, the ability to
argue in the material of celestial bodies and the internalized
solar system of the Qut'anic science is very different from
without internalizing the material. Students in the VRL
study group usually mostly support claims with the
knowledge they gain through studying textbooks,
experiences from simple experiments, and knowledge from
life experiences. Students can provide arguments with
rebuttals afterward. The following conversation excerpt
shows the condition of students who can argue
qualitatively in the material internalized by the Qut'anic
science about the 'solar system'. The question of
argumentation is: 'What is the condition of the solar system in the
current era?’

Lydia: As the planet's rotation on its axis and the planet's
rotation around the sun, I think it's still the same. It was also said
in learning VRL that the condition of the planet from time to time
also bas changes that are like the daily life of humans changing
according to their treatment. And now Pluto is no longer considered a
planet.

Alex: Based on my knowledge of the solar system, Allah gives
knowledge through His evidence that He created day and night. So
the event does continue according to rotation and revolution, there are
times when it is still in accordance with that evidence. But there are
times when at the end of time it is said that the sun is above the head.
Hapefully, yon don't feel that.

Ely: Allab does explain the wonders and conditions of space, but
Allah created life to run according to His plan, perbaps later there
will be a new earth like the NASA news that I read recently.

Dara: The condition of the solar system depends on the decree of
Allah SWT. If later all the planets, for excample, change places or are
destroyed, that is also Allab's power in controlling the entire universe.
However, celestial events provide a warning to humans like us to do
good deeds and assume good things about miracles and tests from Him.
1 heard the news that the new earth is habitable. However, from the
various characteristics of onter space planets according to book
information, its characteristics also need to be doubted.

Niko: Scientific knowledge is needed to interpret conditions that
are truly similar to this with an understanding of how the components
of the solar system can circulate in orbit with conditions that contain
life in them. Knowledge from the spiritual aspect also supports scientific
knowledge in every argument of Allab that discusses space whose truth
is undoubted.

All students participated in space creation activities
before receiving learning via VRL. They are encouraged to
observe how the characteristics and processes of the
formation of celestial bodies so that they have the stimulus
to run VRL conducive. They ate also asked to make posters
or pictures of the solar system according to the interests
and creativity of students after the VRL activity. According
to the conversation above in this session, students were
found to be able to share ideas about how to make unique
creations from the discovery of information on celestial
bodies and the solar system (Lydia and Alex), discuss
discoveries (Ely), and reflect on what could be the

J.Sci.Learn.2025.8(1).100-114



Journal of Science Learning

Article

application of the material in everyday life (Dara and Niko).
Analysis of student arguments in this case revealed that
students produced more prominent supporting arguments
than opposing arguments. Rarely are counterarguments
given in general material arguments. Students give the
impression of applying knowledge and experience learned
inside and outside the school curriculum to support
arguments in an interactive dialogue.

3.6 Dialogue on argumentation skills in low and high
environmental insight groups

Among the material topics in VRL, only two topics
achieved significant differences regarding the comparison
between low and high environmental insight groups.
Researchers curious about how students with low
environmental insight produce high-quality arguments.
Researcher chose an example of students with low
environmental insight in the internalized Qut'an science
learning group to explore their argumentation process. The
scenario for argumentation was 'astronauts'. Students were
asked to explain "why astronants wear specially designed suits’.

Andy: Astronants wear special suits to keep them from burning
or getting abraded.

Flank: The use of special clothing is to protect it from getting too
hot or too cold. There may also be a certain temperature set on the
clothing.

Caroline: As far as I know, bumans wonld die if left in the
condition they dress in on Earth.

Hartison: Yes, that's true, and, in the movies, some astronauts
take off their hoods and die.

Billy: Maybe that's true, but that's becanse on Earth we breathe
oxcygen, whereas in space, floating, there's no way there could be
oxygen.

Students in the low environmental insight group
understand that there are many reasons for the conditions
of outer space and the modification of the astronaut suit
design. The materials include several low environmental
insights and spend most of the time building on the
knowledge of the material they have learned before.
Through discussions and sharing ideas, students with low
environmental insight can explain constructively why
humans use certain materials to design astronaut suits.
Therefore, there are almost no critical arguments in the
analysis of student quality. The following excerpt shows the
argumentation of the dialogue in the high environmental
insight group.

May: Why do astronants have special suit designs?

Daisy: I think wearing a special suit would be more protective in
any condition. The sea and land worlds are different, and so is onter
space.

Linda: [ don't think so, astronaut suits certainly have the
qualities to make them survive in space with all the risky conditions
of the gases and the length of time spent exploring space.

Daisy: In most situations, astronaut suits are already qunalified
to adapt to the floating environment of outer space.
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Don: I think the answer is that the spacesuit is designed with
special anti-collision material to protect astronants from various
possibilities. The suit is not heavy and can still allow astronants to
conduct flexible investigations. Space dust can hurt ordinary human
skin, maybe it can also protect humans from the dangers of space.

Daisy and Linda have different opinions about which
type of fire extinguisher, powder or foam, is effective for
extinguishing oil fires. Daisy claims that powder
extinguishers are more useful than foam extinguishers,
however, Linda disagrees. Then, Daisy raises a rebuttal; she
explains that powder can coat anything that is burning. Ben
further points out that there is at least one powder
extinguisher placed in the corner of each classroom,
implying that powder extinguishers are the best choice for
extinguishing different types of fires. This idea is refuted by
Don, and he suggests that they consult their teacher for
answers or search for answers on the internet. The content
of students' arguments in the high initial scientific
knowledge group is very broad. They have a greater ability
to generate questions and rebuttals.

3.6 The monologic argumentation process of students
with low environmental insight

Based on Figure 4, the comparison between the two
argumentation approaches in the 'celestial objects' and
'solar system' topics did not reach a significant level of
difference. Similar results are reported in Figure 6, which
shows that the comparison between the low and high
environmental insight groups in the two material topics
above also did not have a significant difference. This
finding implies that several students with a monologic
approach in the low environmental insight group can
perform as well as their peers with a dialogic approach in
the high environmental insight learning group in the two
material topics. An example of argumentation on the topic
of 'celestial objects' is selected for further explanation. The
question for the argumentation is as follows: "An unknown
celestial object has the following properties: (a) emits bright light when
entering the earth's atmosphere, (b) moves quickly in the sky, (c) is
usually white or yellowish, but can also be red, orange, green, and
purple (d) has varying sizes, ranging from the sige of a grain of rice to
the size of a large round stone (¢) has no orbit (f) contains metals such
as iron and inorganic minerals such as quartz. Please make an
argument to guess what type this unknown object is."

Ati: I think it's some kind of star.

Ari: If the sizes vary, it may be an asteroid.

Ati: But what is impossible is the sun.

Ati: I had an experience watching a galaxy movie, and if I looked
closely it looked like a meteorold.

Atxi: I'm not sure, because I know that celestial objects vary.

Ari: However, 1 still believe my opinion is correct. 1t is a type of
meteoroid.

In the example above, Ari claims that the unknown
object is not a meteor. He recalls various related
experiences while conducting experiments to support his
claim. James begins to rise to rebuttal by thinking of
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extraordinary conditions that make his claim wrong, even
though this rebuttal is a low-quality argument. Simply put,
students in the individual argumentation group can only
produce high-quality arguments through remembering and
reflecting on knowledge. In the rebuttal dialogue, this
quote shows that it seems to be a kind of self-contradiction
for students to provide counterarguments that contradict
their statements.

4. DISCUSSION

4.1 The Ability to Argue in the Material of Celestial
Bodies and the Solar System with Internalization of
Qur’anic Science

The condition of argumentation-based dialogue
provides comprehensive and progressive information,
especially in internalizing Qur’anic science compared to
non-internalized material. The internalized scientific
concept reflects the differentiation found in the
independent curriculum, which is based on students'
learning interests and thought processes (Idawati et al.,
2025). Students more easily understand the concept of
differentiation, which accommodates diverse learning
styles, expressions, and interests, as opposed to traditional
integrated concepts (Baybayon & Lapinid, 2024; Muhab et
al, 2024). Most students indirectly enjoy sharing
environmental insights, discussing applications from
multiple petrspectives, and constructing arguments in an
enjoyable manner—even when their perspectives differ
(Frenzel et al, 2021). Another factor is the habit of
exchanging ideas through interactive dialogue. The initial
topic used for dialogue was celestial bodies and the solar
system, internalized with Qut’anic science. In the ethics of
debating, it is important to show respect, appreciate
different opinions, and value every idea shared by others
(Mulya et al., 2021). Criticizing others' opinions is common
in dialectics, but certain behaviors may become less
relevant when arguing (Liu, 2023). Many students tend to
feel fear, doubt, or discomfort when criticizing others’
ideas. Previous research shows that criticism is often
underestimated in science classes, even though it plays a
vital role in developing analytical skills (Aljarelah, 2024). To
support curriculum development, appropriate learning
models and designs are needed that equip students with the
skills to structure arguments through critique (Soleimani &
Aghazadeh, 2024).

The virtual real laboratory (VRL) version of this
argumentation research shows that students can construct
scientifically sound and critical arguments regarding
celestial bodies and the solar system. The researcher
assumes that the use of argumentation indicators—claims,
data, refutations, justifications, and criticisms—is a key
feature in student argumentation on this topic. Initially,
students made claims expressing disagreement without
supporting data. Over time, they began to use everyday
experiences or scientific information as rebuttals or
critiques of others’ opinions. This development in students’
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critical abiliies can be linked to misunderstandings
between students. Celestial bodies and the solar system are
abstract topics and more prone to misconceptions than
those presented with Qur’anic internalization.

For example, Neti misunderstood the characteristics of
each planet in the solar system, which allowed another
student, Ari, to offer a rebuttal or correction. This kind of
exchange allows students to practice modifying,
reconstructing, and reflecting on their understanding by
internalizing Qur’anic science. Cognitively, students often
understand concepts in isolation without connecting them
to other fields of science. Without the ability to explore and
integrate knowledge, students struggle to make meaningful
statements, especially without real laboratory stimuli. Thus,
the significant impact of internalized material on students’
argument structures—particularly regarding the solar
system—is explained.

4.2 The Role of Environmental Insight in Building
Quality Arguments

The SAT analysis shows that environmental insight
affects students’ argumentative abilities only in non-
internalized material. The SAT is a test completed
independently via Google Forms during class. Students
were assessed on their monological argumentation skills in
response to the SAT. Researchers found that
environmental insight had a greater influence on
monological arguments regarding the topic of celestial
bodies and the solar system. The statistical results from the
VRL support this: students with high environmental
insight significantly outperformed their peers in topics
involving Qur’anic internalization. However, no significant
differences were found between students with low and high
environmental insight across the three non-internalized
topics.

The results from VRL-assisted learning show notable
improvement in students' argumentative abilities regarding
celestial bodies and the solar system. In other words,
students with low environmental insight can still develop
strong scientific argumentation skills if taught within a
VRL-supported environment. This aligns with previous
findings suggesting that digital laboratories contribute
meaningfully to material comprehension and scientific
development (Aljarelah, 2024). As Patel (2024) and others
have highlighted, virtual laboratories have a strong positive
influence on students’ learning outcomes and attitudes.
These environments encourage exploration of real-world
concepts and increase motivation through innovative
models (Ardhayantia et al., 2022).

VRL allows students to experiment, gather data, and
analyze findings to form reasoned conclusions. This
process supports their ability to submit claims backed by
evidence (Mihret et al., 2022). For instance, Neti (a student
with low environmental insight) and Ely (with high insight)
learned together in a VRL environment to build strong
arguments. The researcher highlights the perspective that
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environmental insight can support cognitive quality in
arguments. VRL conditions increase the likelihood of
students mastering knowledge that aligns with argument
structures. The analysis confirms that Toulmin’s six
components are interconnected and contribute to the
strength of the arguments presented.

Interestingly, students with lower environmental insight
sometimes show more significant gains in argumentative
ability—within Qur’anic science-integrated topics—than
their high-insight peers. While environmental insight may
introduce uncertainty into argumentation, it is not the sole
determinant of argumentative ability (Garrecht et al., 2021).
A limitation of VRL is that students are only allowed to
select arguments within pre-uploaded topics, which
restricts material exploration. As a result, students may not
fully explore or develop comprehensive arguments.
Supplementary media may be necessary to enrich VRL-
based learning.

4.3 Limitations and Implications for Science Teaching
on Celestial Bodies and the Solar System Integrated
with Qur’anic Science

Students’ arguments on the topic of celestial bodies and
the solar system integrated with Qur’anic science differ
significantly from those in non-integrated contexts. In
Qur’anic science-integrated topics, students generate
claims and data more readily, but rebuttals and critiques
tend to remain theoretical and abstract, with little cross-
disciplinary integration. High-quality arguments emerge
after students evaluate and reflect on their knowledge in
VRL-supported environments. VRL significantly enhances
students' argumentation abilities more than non-integrated
approaches, as seen in both SAT and VRL outcomes.

This research suggests that science teachers should use
argumentation activities grounded in internalized material
to help students develop skills in refutation and critique.
While refuting arguments is typically linked to cognitively
demanding statements, debate activities often focus more
on winning than exploration (Mobit et al, 2022).
Therefore, explicit guidelines and scripts should be
provided to help students learn to argue scientifically and
logically rather than emotionally (Khalifa & Albadawy,
2024). Based on the research design, the VRL approach for
celestial bodies and the solar system should differ from that
used for Qur’anic science-integrated topics. Developing
and refining complex prototypes will be a challenge for
future research.

Factors that influence argumentation in these topics—
such as motivation, IQ, and theories supporting VRL
use—need to be examined further. The design of VRL
platforms must effectively support argumentation,
addressing areas such as service quality, topic coverage, and
implementation scope. Even without VRL, foundational
elements like environmental insight, prior knowledge, and
self-reflection remain critical to developing strong
arguments.
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Reflection plays an essential role in crafting rebuttals, as
it often involves confronting contradictions between one’s
knowledge and counterarguments (Gani & Khan, 2024).
Science educators should develop VRL-supported learning
environments that encourage students to reflect on and
rationalize their arguments through real-life visualization
(Kotsis, 2024). This research sheds light on the interplay
between internalized science learning—with and without
VRL—and offers valuable directions for future research in
science education.

4. CONCLUSION

Students demonstrate comprehensive mastery of
argumentation through structured, scripted discussions on
the topic of celestial bodies and the solar system. However,
more critical and reflective arguments tend to emerge when
the material is internalized with the science of the Qut'an.
The use of a virtual real laboratory (VRL) for teaching
topics integrated with Qur'anic science effectively supports
the construction of all six components of Toulmin's
argumentation model, more so than non-integrated topics.

The integration of Qur'anic science offers not only
thematic relevance but also functions as a source of
validation and justification, enhancing the weight and
quality  of  students’  arguments.  Furthermore,
environmental insight, VRL-assisted learning, and
continuous internalization of interdisciplinary content
collectively contribute to the improvement of students'
argumentative abilities.

This research successfully positions the argumentation-
based approach as a key strategy to reinforce collaborative
aspects of analysis and provides a foundation for future
exploration of additional factors influencing students’
argumentative competence.
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