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Abstract—This study aims to design a physics website based
on cognitive conflict, Augmented Reality (AR), and Science,
Technology, Engineering, and Mathematics (STEM) that is
valid to support students’ critical thinking skills. The study
employed an Educational Design Research (EDR) approach
consisting of three stages: analysis and exploration, design and
construction, and evaluation and reflection. The participants
included 404 randomly selected upper secondary students in
West Sumatra, Indonesia, and six experts for validation. Data
were collected through a needs analysis questionnaire and
expert validation sheets. The needs analysis was examined using
descriptive statistics, t-tests, and ANOVA, while product
validity was assessed with Aiken’s V' index. The findings
indicate that students across different grade levels, both male
and female, share similar perceptions regarding
socio-emotional aspects, efficiency, actual behavior, and
preferences, underscoring the need for integrating a physics
website into the learning process. This study produced a
validated physics website (' > 0.8) that integrates AR, STEM,
and the cognitive conflict-based learning model to support
students’ critical thinking skills. This design was found to
address student needs and was validated as being valid. This
study was limited to the design stage; therefore, the developed
website is recommended for further testing to evaluate its
effectiveness. It has the potential to enhance digital learning by
fostering engagement and improving students’ critical thinking
skills.

Keywords—augmented reality, cognitive conflict, critical
thinking skills, Science, Technology, Engineering, and
Mathematics (STEM)

I. INTRODUCTION

The development of digital technology has driven a
significant transformation in education over the past decade.
The integration of technology into learning not only serves as
a medium for delivering content but also as a tool to enhance
the quality of learning experiences, expand access to
information, and foster interactivity between teachers and
students [1]. The presence of technology allows learning to
become more flexible, innovative, and adaptive to the needs
of the 21st century, which demands higher-order thinking
skills such as critical thinking, problem-solving, and
collaboration [2, 3]. In practice, digital technology can be
packaged in the form of applications or websites to support
more effective and engaging learning [4, 5]

One prominent form of technology that supports learning
innovation is Augmented Reality (AR). AR is a technology
that combines the real world with three-dimensional virtual
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objects, thereby creating a more contextual, realistic, and
interactive learning experience [6, 7]. This technology
enables students to visualize abstract phenomena in
manipulable three-dimensional forms, which facilitates the
understanding of complex concepts such as human
anatomy [8, 9], natural phenomena [10], and chemical
reactions [11, 12]. AR technology has the potential to create
an interactive and realistic constructivist learning
environment, reflecting the impact of immersive technology
in education and supporting the implementation of Science,
Technology, Engineering, and Mathematics (STEM) [13].
Although AR holds great potential, its implementation in
physics learning remains suboptimal [14, 15] due to various
challenges, including the limited availability of media and
relevant applications for AR implementation in physics
education [16].

These limitations underscore the pressing need to support
digitally oriented learning, as physics is characterized by
abstract and complex concepts that often lead to
misconceptions and require interactive visual media to
explain scientific phenomena more concretely. This issue is
reflected in students’ low levels of critical thinking
skills [17, 18]. To address these challenges, it is essential to
examine the pedagogical and psychological dimensions that
influence students’ learning experiences in physics.

Problems in physics learning can arise from various factors,
including teaching strategies, approaches, learning models,
student characteristics, and students’ psychological
conditions in implementing technology [19]. Psychological
aspects of learning, such as socio-emotional [20], efficiency
of use, behavior, and preferences, are important
considerations for improving learning quality [21]. Therefore,
understanding these perceptual and psychological aspects
becomes crucial when designing physics learning
environments that integrate advanced technologies such as
AR and STEM.

Building on this theoretical foundation, this study bridges
the gap between digital learning innovation and learners’
psychological needs by analyzing students’ initial
perceptions, including gender, socio-emotional aspects,
efficiency, actual behavior, and preferences, as key variables
in designing technology-enhanced physics learning. The
innovative solution and novelty offered in this study lie in
analyzing students’ initial needs based on gender,
socio-emotional aspects, efficiency, actual behavior, and
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preferences; identifying relevant learning characteristics for
students; and designing technology-oriented learning by
integrating STEM, a cognitive conflict-based learning model,
and AR technology into a website to support critical thinking
skills. The STEM approach is selected because it emphasizes
viewing concepts from multiple disciplinary perspectives and
aims to support critical thinking skills [22, 23]. In addition,
the cognitive conflict-based learning model emphasizes
inquiry in addressing misconceptions, which remain a
primary issue in physics education [24]. Therefore, this study
aims to design a physics website based on cognitive conflict,
AR, and STEM that is valid to support students’ critical
thinking skills. To achieve this focus, the study is directed to
answer the following research questions:

1) What are the characteristics of learning that integrate a
physics website containing AR, a cognitive
conflict-based learning model, and STEM in physics
instruction to support students’ critical thinking skills?

2) What are students’ perceptions of AR-assisted physics
learning regarding socio-emotional aspects, efficiency,
actual behavior, and preferences?

3) How do students’ perceptions differ based on gender
(male and female)?

4) How do students’ perceptions differ based on grade
level?

5) What are the outcomes of the framework, the resulting
website product, and the validity of the integrative
physics website in facilitating students’ critical thinking
skills?

II. LITERATURE REVIEW

A. Augmented Reality (AR)

AR is a digital technology that enables users to visualize
phenomena in three-dimensional space within a real
environment [25]. Over the past decade, AR has become a
growing trend because of its ability to provide interactive
simulations, allowing virtual objects to be rotated, enlarged,
and manipulated as if they were real [26, 27]. In the context
of learning, this technology facilitates the explanation of
everyday phenomena in a simpler and more comprehensible
way [28].

Simulation is particularly important in physics learning, as
many concepts are abstract and cannot be observed directly.
Previous studies have employed images and videos as
instructional media [29, 30]; however, two-dimensional
representations remain passive and less interactive. AR offers
a significant advantage by creating a wider space for students
to interact with virtual objects [10].

The implementation of AR-based learning has shown a
growing trend that influences various sectors, including
industry, business, engineering, and traditional education, by
fostering students’ curiosity and interactivity in schools [31].
AR technology also supports learning oriented towards the
STEM approach, thereby enhancing students’ performance
and engagement in the learning process [32]. The advantages
and increasing trend of AR utilization across educational
fields highlight its potential to improve learning quality,
particularly in physics education.

Nevertheless, the implementation of AR in physics
learning is still limited in several ways: (1) it only covers

specific content, (2) it is not yet integrated into a compact
platform, and (3) it has not been framed within a coherent
instructional design. These gaps highlight the necessity for
developing AR applications that are more comprehensive,
integrated, and aligned with the objectives of physics
education.

B. Science, Technology, Engineering, and Mathematics
(STEM)

The STEM approach is designed to solve problems from
multiple disciplinary perspectives, thereby generating a
holistic understanding. This approach is highly relevant in
physics learning because physics is inherently connected to
mathematics, technology, and engineering [30]. STEM
allows students to grasp scientific concepts and design,
construct, and test tools or experiments based on these
concepts [33].

The development of technological systems has influenced
various aspects of learning, one of which is the application of
AR, considered relevant in supporting STEM education [34].
AR technology contributes to improving performance in the
learning process and developing STEM-based learning
environments [32, 35]. It also serves as an important tool in
supporting learning through the STEM approach [36, 37].
Moreover, AR is a rapidly evolving technology that enhances
STEM learning through visualization and simulation [38].
Although numerous studies have explored the use of AR in
STEM contexts, its application remains limited to simulation
media on specific topics, such as magnetism [39], fluids, and
atomic structures [40].

Although several previous studies have applied STEM,
most have been limited to presenting separate content or
isolated activities, without a framework that ensures
coherence between subject matter, technology, and students’
needs [41]. In fact, integrating media that is consistent with
the characteristics of physics learning and responsive to
differences in students’ backgrounds (e.g., gender) is crucial
to avoiding misconceptions and enhancing relevance [42]. In
this respect, combining innovative technologies such as
AR [43] with a STEM approach is a promising solution [44].
However, prior research remains scarce in developing a
framework that unifies AR and STEM in physics education.
This highlights a pressing need for in-depth investigations to
develop a more comprehensive instructional design.

C. Cognitive Conflict-Based Learning Model

The cognitive conflict-based learning model emphasizes
conceptual change and the remediation of misconceptions
through stages: activating preconceptions, presenting
cognitive conflict, discovery of concepts and equations, and
reflection [24]. This model supports the construction of more
accurate knowledge and promotes students’ higher-order
thinking skills [45]. In practice, the cognitive conflict-based
learning model can be enriched through videos [29] or other
digital media presenting conflicts capable of stimulating
deeper reasoning [46].

Several studies have demonstrated that the cognitive
conflict-based learning model can reduce misconceptions.
However, its application in physics learning still faces
notable challenges. First, misconceptions remain prevalent
due to students’ limited conceptual understanding [47, 48].
Second, few studies have integrated the cognitive
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conflict-based learning model with innovative technologies
such as AR. Third, there has been no attempt to
systematically situate cognitive conflict within a STEM and
AR framework, which would render it more contextualized
and responsive to students’ needs. Therefore, designing a
physics learning model that integrates the cognitive
conflict-based learning model, the STEM approach, and AR
technology is essential to create more interactive, effective,
and student-centered learning experiences.

D. Critical Thinking Skills

Critical thinking is defined as the ability to think
reasonably, reflectively, and purposefully in making sound
decisions [49]. Ennis [50] highlights that critical thinking
involves the ability to develop a thesis, locate sufficient
information, use credible sources, and analyze arguments.
The framework of critical-thinking skills is further described
by Facione [51], who identifies six core skills: interpretation,
analysis, evaluation, inference, explanation, and
self-regulation. In addition, several important dispositions
are required to support critical thinking, including curiosity,
intellectual openness, clarity, persistence, and logical
reasoning. Another perspective asserts that critical thinking is
a key competency involving the ability to analyze, evaluate,
and reflect on scientific phenomena [52]. In the context of
physics education, this competency is manifested through
activities such as formulating questions, proposing
hypotheses, drawing conclusions, considering alternative
possibilities, and systematically designing experiments.
These abilities are essential because students are expected to
identify problems, interpret data, validate experimental
evidence, and draw logical conclusions [53]. Overall, based
on these definitions, critical thinking in physics learning is
directed toward uncovering facts through systematic and
in-depth reasoning.

Research conducted in Indonesia indicates that students’
critical-thinking skills in physics remain low, especially in
their abilities to analyze and draw conclusions [18].
Moreover, recurring misconceptions that are not addressed
effectively continue to hinder the development of students’
analytical abilities [17]. Although various instructional
strategies and learning media have been developed to
enhance critical thinking [54], their effectiveness remains
inconsistent because most approaches focus primarily on
content delivery and do not sufficiently address deeper
cognitive processes.

Based on this review, efforts to enhance critical thinking
skills in physics learning remain suboptimal. Existing
approaches have not yet positioned critical thinking skills as a
core objective integrated with modern technologies and
pedagogical principles. Referring to Ennis’s framework,

improvement is needed in students’ abilities to formulate
hypotheses, analyze information, draw conclusions, and
design experiments [50]. These gaps highlight the need for a
more integrative, contextual, and adaptive learning approach
that aligns with students’ needs [55].

The integration of innovative media such as AR, STEM
approaches, and cognitive-conflict-based learning models
has the potential to provide learning experiences that foster
students’ reflective and analytical thinking. The combination
of technology, pedagogy, and cognitive strategies offers
aligned features and sequences that can strengthen critical
thinking processes, which have not yet been fully maximized.
Therefore, research is needed to design physics instruction
that explicitly develops critical thinking skills through the
integration of modern media and relevant pedagogical
approaches, particularly by adopting AR technology, STEM
approaches, and cognitive conflict-based learning models.

III. MATERIALS AND METHODS

The Educational Design Research (EDR) approach was
applied in the development process of the physics website.
This approach consists of three main stages: (1) analysis and
exploration, (2) design and construction, and (3) evaluation
and reflection [56]. The first stage, analysis and exploration,
aimed to identify and investigate the needs for developing the
physics website based on learning characteristics and
students’ perceptions. This analysis and exploration were
conducted through a needs survey, considering important
aspects such as socio-emotional aspects, efficiency, actual
behavior, and preferences. The second stage, design and
construction, utilized the findings from the first stage to
develop a prototype of the website based on the physics
learning framework. At this stage, the alignment principle
between students’ needs and learning characteristics was
strongly emphasized to create a systematic and conducive
learning framework to support students’ critical thinking
skills. The third stage, evaluation and reflection, was limited
to the expert review process. This reflects the overall scope of
the present study, which focused solely on the design and
validation phases and did not extend to classroom
implementation or empirical testing. This limitation opens
opportunities for future researchers to conduct longitudinal
evaluations and apply experimental research designs to
examine the website’s effectiveness in real learning
environments. The expert review involved specialists in
education, physics, and technology to validate the design of
the developed physics website. This validation aimed to
ensure the clarity, relevance, and feasibility of the design
before its further implementation. All stages of the research
design are presented in Fig. 1.

ANALYSIS AND EXPLORATION

DESIGN AND CONSTRUCTION

EVALUATION AND
REFLECTION

1. Characteristics of physics websites 1.
2. Student needs

Physics website design
2. Physics Website

1. Validation results

Fig. 1. Research stages.

A. Participants

The research data were collected from 404 students and 6
experts. The students participating in this study were drawn

from upper secondary schools in West Sumatra, Indonesia.
They were selected using a random sampling technique to
ensure representation across diverse social, economic, and
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geographical contexts. Of the total students, 157 were male
and 247 were female, with ages ranging from 16 to 18 years
old. Meanwhile, the experts involved in this study came from
the fields of education, physics, and technology. They were
selected based on strict competency criteria, including more
than 10 years of professional experience in their respective
fields, scientific publications, and active involvement in the
development of educational technology. These experts’ role
was to validate the physics website design. All research
procedures obtained ethical approval from the Research
Ethics Committee of Universitas Negeri Padang.
Participation was voluntary with informed consent from all
respondents, in accordance with international research ethics
principles.

B. Instrument and Procedures

The data were obtained through a needs analysis
instrument administered to students and a validation
instrument completed by experts. All items in the
questionnaire employed a five-point Likert scale, with
response options ranging from 1 (strongly disagree) to 5
(strongly agree). The research instruments were designed
contextually and in line with the development objectives, and
they had undergone a validation process to ensure content
validity. The main indicators of the student needs analysis
instrument are presented in Table 1, while the expert
validation indicators are shown in Table 2.

Table 1. Student instrument indicators

Code Indicator Description Category
Al Enjoy learning through digital platforms
A2 Require interactive diagnostic assessments.
A3 Interested in challenging physics phenomena
A4 Need virtual experiments in learning.
AS Assessment feedback improves understanding.
A6 Digital assessments reduce anxiety. .
A7 Three—dimengsional visualization of physics }];henomena Actual behavior
A8 Like critical-thinking physics problems
A9 Learn with images, videos, and animations.
Al0 Understand the meaning and application of formulas.
All Technology supports conceptual understanding in physics.
Al2 Design science-based solutions
S1 Enjoyable and emotionally supportive
S2 Enhances self-confidence
S3 Positively connected with the subject matter.
S4 Motivates systematic learning of physics Socio-emotional
S5 Guides disciplined task engagement.
S6 Digital learning is not monotonous.
S7 Allows comfortable self-paced learning
P1 Smartphones support the understanding of learning materials
P2 Smartphones enhance physics knowledge.
P3 Smartphones facilitate the expression of ideas.
P4 Smartphones enable checking of physics understanding. Preferences
P5 Smartphones increase learning motivation.
P6 Smartphones assist in problem-solving
P7 Smartphones are predominantly used for entertainment.
El Better time management
E2 Efficient and well-directed learning
E3 AR accelerates conceptual understanding. Efficiency
E4 Practical and cost-effective solution
ES Enhances independent learning effectiveness
Table 2. Expert instrument indicators
Code Indicator Description Category
L1 The learning materials are systematically organized within a cognitive conflict-based learning model
framework to promote knowledge construction and critical thinking.
L2 The 3D/AR phenomena are relevant to daily life and technological contexts. Learning Content
L3 Physics concepts, symbols, and terminology are applied accurately and consistently.
L4 The language is clear, communicative, and appropriate to students’ cognitive levels.
11 The STEM components are presented comprehensively. .
— - - — — - Instructional
12 The learning indicators are aligned with critical thinking skills. Design
13 The learning stages are presented systematically in accordance with the cognitive conflict learning model.
LN1 Basic navigation functions (menu, close, back) operate properly.
LN2 Fonts are clearly readable, with a proportional and visually appealing layout. Layout and
LN3 3D/AR objects can be observed effectively without slowing down the slides. navigation
LN4 User instructions are clear and accurate.
SUl The software effectively supports the visualization of 3D/AR objects and physics website simulations.
- . - - PSRN p Software
SU2 The physics website is both interactive and original in its support of the learning process. utilization
SU3 The software effectively supports the visualization of 3D/AR objects and physics website simulations.

C. Data Analysis

Data obtained from the student needs analysis instrument
were analyzed using descriptive and inferential statistics to
describe participants’ perceptions of product development

requirements. The analysis included calculating Means (M),
percentages (%), and Standard Deviations (SD) to identify
the perceived level of needs. The analysis of perceptions was
conducted using t-tests and ANOVA to examine differences
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based on gender and grade level. These tests were selected
based on the results of normality and homogeneity tests. The
interpretation of differences in perceptions between gender
and grade was based on the p-value. If p < 0.05, the result
indicates a statistically significant difference. In addition,
data obtained from experts were used to evaluate product
validity through content validity testing. Product validity was
analyzed using Aiken’s V Index (V). This quantitative
method assesses the extent to which experts rate items as
relevant. The acceptance criterion was set at an Aiken’s V
value of >0.80, which indicated that the item was valid [57].
Conversely, if the V value was <0.80, the item was
considered invalid and required revision.

IV. RESULT

A. Characteristics of Learning that Integrate a Physics
Website with AR, a Cognitive Conflict-Based Learning
Model, and a STEM Approach

The analysis and exploration of learning needs were
conducted to identify the characteristics of learning that
integrate a physics website incorporating AR, a cognitive
conflict-based learning model, and a STEM approach in
physics instruction. Learning that incorporates digital
technology plays a crucial role in creating balanced learning
opportunities for students. In physics learning, the need for
contextual content delivery and the representation of
real-world phenomena cannot be overlooked. Based on the
needs analysis, visualization in physics learning emerged as
one of the most urgent priorities, as many concepts are
abstract, difficult to observe directly, or limited in
representation due to objects being too large, too small, or too
hazardous to observe. Therefore, using technology-based
media to provide a more realistic visualization of phenomena
becomes a relevant alternative.

One technology with great potential to address this
challenge is AR. The primary characteristic of AR lies in its
ability to visualize objects in interactive, three-dimensional
forms that are contextualized. With this feature, AR allows
students to explore physics objects in detail without losing
informational completeness. In addition to offering
visualization that closely approximates real conditions, AR
also supports the simulation of phenomena, enhancing
students’ understanding by transforming abstract concepts
into more concrete forms.

The STEM approach was employed to support learning
that emphasizes visualization and highlights the integration
of knowledge and skills. This approach provides a holistic
framework that integrates four key elements:

1) Science: Understanding scientific phenomena through
observation and analysis.

2) Technology: Utilizing technology (in this case, AR) to
support learning.

3) Engineering: Developing design, creation, and
problem-solving skills through experimental activities.

4) Mathematics: Applying mathematical concepts to
model and verify physical principles.

Integrating these four elements provides an authentic,
contextual, and applicable learning experience, equipping
students with critical thinking skills required in the 21st
century. A learning model that addresses misconceptions

while promoting critical thinking skills is required to

systematically integrate AR and STEM-based learning. The

cognitive conflict-based learning model was selected due to
its characteristics, which emphasize the reconstruction of
students’ understanding through the following stages:

1) Activation of preconceptions: Exploring students’ prior
knowledge to identify misconceptions.

2) Presentation of cognitive conflict: Presenting
phenomena or problems that contradict students’
preconceptions to trigger cognitive disequilibrium.

3) Discovery of concepts and equations: Guiding students
to discover the correct concepts through experiments,
discussions, and AR media.

4) Reflection: Providing opportunities for students to
reflect on the newly acquired understanding, compare it
with their initial preconceptions, and internalize the
correct concepts.

All the essential components of physics learning
characteristics are integrated into a single website. The
choice of a website is based on its ability to provide broad and
flexible access, enabling the combination and organization of
various learning characteristics into a coherent and unified
system. The integration of AR technology, the STEM
approach, and the cognitive conflict-based learning model
within the website is expected to create a visually engaging
learning experience, strengthen conceptual understanding,
and support students’ critical thinking skills.

B. Students’ Perceptions on AR-Assisted Physics Learning
in Terms of Socio-Emotional, Efficiency, Actual Behavior,
and Preferences

Students were also analyzed and explored to identify their
perceptions of AR-assisted physics learning in terms of
socio-emotional aspects, efficiency, actual behavior, and
preferences. The instrument used to measure students’
perceptions had been tested for validity and reliability to
ensure its quality. The validity test was conducted by
involving 60 students outside the research sample. The
instrument was considered valid and reliable if the
significance value was p < 0.05 and Cronbach’s Alpha (a) >
0.90 [58, 59]. The analysis results showed that all items of the
instrument met these standard values, as presented in Table 3.
These findings indicate that the instrument used in this study
was both valid and reliable.

Table 3 presents the results of the validity and reliability
tests for the instrument. The findings indicate that all items
were confirmed to be both valid and reliable. The instrument
was then used to measure students’ perceptions of
AR-assisted physics learning, examining socio-emotional
aspects, efficiency, actual behavior, and preferences. The
data obtained from students’ perceptions are displayed in
Table 4.

Table 4 shows that students’ perceptions of
technology-based physics learning were generally positive
across all measured aspects on a 1-5 scale. The
socio-emotional aspect recorded a high mean score (M = 3.89,
SD = 0.58), indicating that students felt emotionally prepared
and comfortable when engaging with digital media. The
efficiency aspect also received a favorable evaluation
(M = 3.79, SD = 0.60), indicating that technology was
perceived as supporting autonomous learning and facilitating
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effective conceptual understanding. Additionally, the
preference aspect (M = 3.92, SD = 0.53) revealed a strong
tendency among students to select digital tools as their
preferred learning support. The actual behavior aspect
displayed similarly positive responses (M = 3.87, SD = 0.50),
reflecting students’ perception of the usefulness of images,
videos, animations, and AR in enriching their learning

experience. The predominance of “agree” and “strongly
agree” responses across these aspects indicates consistent
approval of the technology wused. Overall, the data
demonstrate that students exhibited positive socio-emotional
readiness, learning efficiency, media preference, and actual
behavioral engagement  when interacting ~ with
technology-based physics learning materials.

Table 3. Validity and reliability of student instrument indicators

Code CITC a p

Al 0.775 0.951 0.000

A2 0.533 0.953 0.000

A3 0.562 0.953 0.000

A4 0.631 0.952 0.000

A5 0.518 0.953 0.000

A6 0.299 0.955 0.000

A7 0.646 0.952 0.000

A8 0.583 0.952 0.000

A9 0.535 0.953 0.000

A10 0.456 0.953 0.000

All 0.586 0.952 0.000

Al12 0.580 0.952 0.000

Pl 0.627 0.952 0.000

P2 0.763 0.951 0.000

P3 0.767 0.951 0.000

P4 0.729 0.951 0.000

P5 0.728 0.951 0.000

P6 0.741 0.951 0.000

P7 0.204 0.957 0.000

S1 0.678 0.952 0.000

S2 0.633 0.952 0.000

S3 0.700 0.951 0.000

S4 0.707 0.951 0.000

S5 0.731 0.951 0.000

S6 0.696 0.951 0.000

S7 0.679 0.952 0.000

El 0.693 0.951 0.000

S2 0.694 0.951 0.000

E3 0.661 0.952 0.000

E4 0.696 0.951 0.000

E5 0.699 0.951 0.000

Note. CITC: Corrected Item-Total Correlation
Table 4. Student perception results
Aspects i Mea'l‘mx Totl SD SA (%) A (%) N(%) D(%) SD (%)

Socio-emotional 3.78 4.02 3.89 0.58 223 47.2 27.6 2.4 0.4
Efficiency 3.72 3.89 3.79 0.60 18.4 46.0 31.5 39 0.1
Preferences 3.25 4.11 3.92 0.53 25.8 453 25.1 3.0 0.8
Actual behavior 3.58 4.15 3.87 0.50 23.0 43.8 30.6 2.4 0.3

Note. S4 = Strongly agree; A = Agree; N = Neutral; D = Disagree; SD = Strongly disagree

C. Students’ Perceptions by Gender

Students’ perceptions were categorized by gender,
specifically male and female. To compare the perceptions
between the two groups, an independent samples t-test was
employed, as this method is appropriate for examining

differences between two independent groups. The test was
conducted to minimize potential bias and to determine
whether there were significant differences in students’
perceptions according to gender. These results are presented
in Table 5.

Table 5. Results of student perceptions based on gender

Male Female Independent Sample t-test X
Aspects (n=157) (n=247) Effect Size
df t )4 (Cohen’s d)
M SD M SD

Socio-emotional 3.93 0.62 3.86 0.55 402 1.28 0.20 0.13
Efficiency 3.84 0.65 3.75 0.56 402 1.46 0.14 0.14
Actual behavior 3.93 0.57 3.92 0.50 402 0.03 0.97 0.01
Preferences 3.91 0.54 3.84 0.47 402 1.41 0.15 0.14
Total 3.90 0.54 3.84 0.44 402 1.23 0.21 0.12

Note. M = Mean; SD = Standard deviation; Effect size < 0.2 (Very small effect))

Table 5 shows that the mean scores total for male (M =
3.90, SD = 0.54) and female students (M = 3.84, SD = 0.44)
were relatively similar. Furthermore, the independent
samples t-test indicated no significant differences in students’

perceptions of technology-based physics learning between
male and female groups. This is reflected by the
nonsignificant p-values (p > 0.05) across the socio-emotional,
efficiency, actual behavior, preference, and total score
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aspects. The effect sizes were very small (d < 0.20), further
confirming the absence of meaningful gender differences.
These findings suggest that students’ perceptions of
technology use in physics learning were uniform across
genders on all measured aspects.

D. Comparison of Students’ Perceptions across Grade
Levels

Students’ perceptions were further categorized according
to grade level in upper secondary school, specifically grades
1, 2, and 3. The data from these three groups were analyzed

using ANOVA to determine whether significant differences
in perceptions existed across grade levels. This analysis
aimed to identify relevant needs based on the measured
aspects. The decision criterion was p < 0.05, indicating a
significant difference among students from different grade
levels. The results revealed that the p-values exceeded 0.05
for all aspects, suggesting no significant differences in
perceptions across grade levels. These findings are presented
in Table 6.

Table 6. Student perceptions results based on grade

Grade 1 Grade 2 Grade 3 ANOVA Results
Aspects (N=153) w=127) w=124) an SS SS F Effect size
M SD M SD M  SD Between Total p e
Socio-emotional ~ 3.95 0.54 3.85 0.60 3.84 0.59 2 401 1.062  136.568 1.57 0.20 0.0078
Efficiency 3.82 0.57 3.77 0.61 3.75 0.61 2 401 036 145213 049 0.60 0.0025
Actual behavior  3.92 0.50 3.97 0.52 3.86 0.56 2 401 0.682 112917 1.21 0.29 0.006
Preferences. 3.89 0.50 3.85 0.48 3.86 0.52 2 401 0.11 102.642 0.21 0.80 0.0011
Total 3.89 0.47 3.86 0.48 3.82 0.49 2 401 0.29 95.247  0.61 0.54 0.003

Note. M = Mean; SD = Standar deviation; dfi = Degrees of freedom between groups; df: = Degrees of freedom within groups; SS = Sum of squares; 72 = Eta

Squared; Effect size < 0.2 (Very small effect))

Table 6 shows that the mean scores total for Grade 1
(M =3.89, SD = 0.47), Grade 2 (M = 3.86, SD = 0.48), and
Grade 3 students (M = 3.82, SD = 0.49) were relatively
similar. Furthermore, the ANOVA results indicated no
significant differences in students’ perceptions of
technology-based physics learning across the three grade
levels. This is demonstrated by nonsignificant p-values
(» > 0.05) for all aspects, including socio-emotional,
efficiency, actual behavior, preference, and the total score.
The effect sizes (7 < 0.20) also reflected a very small effect.
These findings suggest that students’ perceptions of
technology use in physics learning were consistent across
grade levels for all measured aspects. This uniformity of
perception suggests that students across all grade levels share
similar needs related to the four measured aspects, indicating
that these consistently observed needs can serve as a basis for
characterizing the design requirements of web-based learning
media.

E. Result of The Framework, The Resulting Website Product,
and The Validity of The Integrative Physics Website in
Facilitating Students’ Critical Thinking Skills

The design and development of the physics website were

[” Physics Website

carried out within the framework of physics learning, taking
into account the characteristics of instruction and students’
perceptions of learning physics, particularly the need for
media that are interactive, contextual, and easily integrated
into classroom settings. The design integrates four core
components: interactive website features, AR technology, the
STEM approach, and a cognitive conflict-based learning
model. These elements were combined into a single
web-based platform that systematically and structurally
presents physics content while supporting meaningful
learning experiences to support students’ critical thinking
skills.

The primary focus of this design is the integration of
STEM components: Science (understanding phenomena),
Technology (utilization of AR), Engineering (designing
virtual experiments), and Mathematics (modeling equations)
within one holistic learning experience. The integrated
physics learning framework is illustrated in Fig. 2, which was
subsequently realized and developed into a fully functional
learning website, as shown in Fig. 3.

STEM Component 1 =P \\/cbsite

Science Exploration of scientific phenomena. 2 Syntax of cognitive

Technology AR technology simulates. < conflict model

Engineering Designing experiments with simulation 3 I:,—bComponent STEM

Mathematics | Analyze and formulate equations 4 —p Visualizing scientific
phenomena with AR

5 @)= Questions, knowledge and
critical thinking skills
! itical thinking skill
w F Stage 1 Stage 2 Stage 3 o Stage 4 o
Activation of Preconception and Presentation of Discovery of concepts Reflection
Misconception cognitive conflict and equations
v v A\ 4
Science Science Science, Mathematics

Fig. 2. Physics learning framework.
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PHYSICS CONTENT COLLECTION ON AR WEBSITE SYNTAX OF COGNITIVE CONFLICT MODEL

Stage 1

EXPERIMENT QUESTIONS
Critical Thinking Skills Indicator : (C4) Analyzin
the factors causing parabolic motion h

1. Based on the experimental data, how does the
velocity behave along the horizontal axis and
the vertical axis?

2. What factors affect the maximum range and the
maximum height in projectile motion?.

AR OBJECTS

Stage 2

STEM

SCIENCE
Exploration of scientific phenomenain
parabolic motion content

Stage 3 Stage 4

TECHNOLOGY
AR technology simulatgs' parabolic motion

1
ENGINEERING
Designing canon shots to be effective

O\

v

T T e ST
e e

P

R,
MATHEMATICS

Calculating distance and speed

v=10m/s 6 =30°
() = (0,0) (vy,vy) = (0,0)

Fig. 3. Design of a website based on the physics learning framework.

Fig. 2 illustrates the integration pathway among AR,
STEM, and the cognitive conflict-based learning model.
Each stage within the cognitive conflict-based learning
model represents systematically integrated STEM
components, designed based on indicators of critical thinking
skills, so that every question and learning process is oriented
toward developing students’ critical thinking skills. The
implementation of this integration framework is visualized in
Fig. 3, which presents the design of a web-based learning
platform consisting of five main components: (1) the main
menu displaying physics learning materials, (2) the stages of
the cognitive conflict-based learning model, (3)
STEM-based learning content, (4) AR objects, and (5)
critical thinking skills oriented question indicators and
learning flow.

The first component, the main menu interface, contains
collections of physics learning materials and serves as an
entry point to all learning content. One of the accessible
materials from this menu is projectile motion. The second
component presents the stages of the cognitive conflict-based
learning model, directing each content access toward
activities that align with the respective stage. One example,
such as the concept and equation discovery stage, integrates
STEM components, AR objects, and critical thinking
indicators designed to enhance students’ analytical and
problem-solving abilities.

The third component consists of a STEM approach,
systematically integrated into the process of concept and
equation discovery. The contextual presentation of projectile
motion phenomena, visualized through AR, represents the
Science component. The Technology component is
implemented through AR-based simulations, enabling
students to interactively observe and explore the
characteristics of projectile motion. The Engineering element
is realized through virtual experiment design features,
allowing students to manipulate variables such as launch
angle and initial velocity to determine the projectile’s
maximum range. The mathematics component is represented
through data calculation and analysis activities that guide
students in formulating relevant mathematical concepts and
equations.

The fourth component comprises AR objects, which

support visual and interactive presentations through 3D
models and dynamic simulations, allowing students to
directly engage with physical phenomena in a contextualized
environment. Meanwhile, the fifth component presents
critical thinking question indicators that guide students in
collecting data, analyzing experimental results, testing
hypotheses, and discovering concepts and equations through
exploratory activities in the virtual laboratory.

Overall, all elements in the web-based platform are
designed in an integrated manner to enhance students’ critical
thinking skills through virtual experiments, conceptual
analysis, and problem-solving activities. The integration of
AR, STEM, and the cognitive conflict-based learning model
enables physics learning to become more interactive,
contextual, and focused on developing critical thinking skills.

The developed physics website is an interactive digital
platform designed to support visual and exploratory learning
in physics. The development process integrated several
supporting software tools. Blender was used to create 3D
objects that realistically represent physical phenomena, while
Unity was employed to animate these objects, creating
interactive simulations that enable users to engage
dynamically with physics concepts. All components were
integrated into a single cohesive website using a hosting
system that allows easy access across various devices. The
final product is an interactive digital physics learning
platform  that can be  accessed online  at
https://cognitiveconflict.id/.

The website features multiple interactive components,
including 3D visualizations and AR displays to enhance
students’ understanding of abstract physics concepts. Users
can navigate materials through interactive buttons organized
by topic. The website also provides practice exercises,
including multiple-choice and short-answer questions, with
automated feedback for each response. Additionally, it offers
a virtual experiment feature that allows users to perform
simulations and observe results in real-time, supported by a
data recording table to facilitate analysis of experiment
results.

The design and construction phase was followed by
evaluation and reflection. This process involved experts who
assessed the quality of the website design. The website and its
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embedded learning content underwent expert validation to
ensure alignment with physics education standards and the
feasibility of technology integration. The results of the expert
validation are presented in Table 7.

Table 7. Validity test results

Indicator Average
Learning Content 0.98
Instructional Design 0.95
Layout and navigation 0.93
Software utilization 0.94

Table 7 presents the mean validity scores provided by
experts for the physics learning website. The analysis
indicates that the learning content achieved an average score
of 0.98, instructional design achieved a score of 0.95, layout
and navigation achieved a score of 0.93, and software
utilization achieved a score of 0.94. These values exceeded
the minimum validity standard (7> 0.80), suggesting that the
website can be categorized as highly valid and feasible for
physics learning.

V. DISCUSSION

A. Students’ Perceptions on Physics Learning in Terms of
Socio-Emotional, Efficiency, Actual Behavior, and
Preferences

The results of the preliminary survey analysis revealed a
consistency between students’ perceptions and the expected
characteristics of technology-based learning. These findings
indicate that students’ readiness and perceptions toward
digital learning encompass four ~main  aspects:
socio-emotional aspects, efficiency, actual behavior, and
learning preferences. From the socio-emotional perceptions,
students demonstrated comfort and positive engagement with
technology-based learning. This result is consistent with the
findings of Tan and Chen [60], who stated that the use of
technology can influence the socio-emotional aspects of
students in the learning process, particularly in building
self-confidence and positive attitudes toward digital learning.

In terms of efficiency, students perceived digital learning,
especially with the support of AR, as more practical and
time-efficient. Amlasri [61] also emphasised that technology
plays a crucial role in accelerating the understanding of
abstract physics concepts while promoting independent
learning. This finding aligns with previous studies that
emphasise the importance of integrating technology in
creating systematic learning processes that foster students’
thinking skills. Interactive learning activities, which support

critical thinking skills, are viewed as a relevant
solution [62, 63].
Regarding actual behavior, students demonstrated

consistent habits in using digital devices, particularly
smartphones, to support their learning activities. They also
tended to prefer platforms featuring interactive tools such as
AR, virtual experiments, and 3D visualisations. This pattern
suggests that students have a learning tendency driven by
exploration and verification of concepts. Therefore, the
integration of the cognitive conflict-based learning model
and the STEM approach serves as a mutually reinforcing
combination, as both promote analytical and reflective
thinking processes [64].

In terms of preferences, students showed a high interest in

visualisation and simulation-based learning media, as these
provide engaging, interactive, and relevant learning
experiences that are suited to current needs. Digital learning
was also perceived as capable of enhancing motivation,
discipline, and self-confidence [65]. These findings reinforce
the view that interactive design and the integration of
innovative technologies such as AR play a crucial role in
improving student engagement and learning
satisfaction [66, 67]. These results imply that the preliminary
survey provides a crucial foundation for developing a physics
website that integrates the STEM approach and the cognitive
conflict-based learning model to support critical thinking
skills.

B. Gender and Grade Analysis

The analysis reveals that there are no significant
differences in students’ perceptions of technology-based
physics learning based on gender or grade level, which has
important implications for the development of universally
designed digital learning environments. This result indicates
that both male and female students, across different academic
levels, share relatively similar views and needs regarding the

use of technology in physics learning, covering
socio-emotional, efficiency, actual behavior, and preference
aspects.

From the socio-emotional perceptions, students

demonstrated comfort and positive engagement with
technology-based learning. This finding is consistent with
O’Connor and Liu [68], who found that technology readiness
is not influenced by gender, thereby minimising bias in
technology adoption. Regarding efficiency, all groups
perceived technology as helpful in enhancing effectiveness
and accelerating conceptual understanding in physics,
supporting Timotheou et al. [69], who emphasized the
importance of digital efficiency for modern learners.

In terms of actual behaviour, students across all grade
levels demonstrated  comparable participation in
technology-based learning activities. This finding aligns with
Wang et al. [70], who noted that digital learning experiences
can adapt across varying levels of ability. Meanwhile,
regarding preferences, students in all groups showed a similar
interest in visualization and simulation-based media,
underscoring the importance of interactive design in fostering
learning motivation. Overall, the findings reveal no
significant differences in students’ perceptions based on
gender or grade level, indicating shared needs and
expectations in physics learning consistent with previous
studies.

C. Design of a Website for Physics

The design of the physics website was developed by
carefully considering students’ perceptions and the
characteristics of learning needs. This strengthens the
rationale for developing the physics website design that
integrates AR, the cognitive conflict-based learning model,
and the STEM approach. Previous studies have shown that
STEM effectively presents content that guides students
toward deeper thinking [71]. Integrating AR and STEM
reinforces conceptual understanding and students’ skills [72].
Applying a cognitive conflict-based learning model
integrated with STEM appeared to meet these needs.
STEM-based learning has also promoted socio-emotional
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engagement and enhanced learning motivation [73, 74].

The findings of this study indicate that the physics website
developed is systematically structured according to the stages
of the cognitive conflict-based learning model integrated
with AR and the STEM approach. These three components
form a unified system through interrelated features that
support students’ critical thinking skills, as illustrated in
Fig. 3. Unlike previous AR developments, which were
commonly presented in APK (Android Application Package)
format [75] and focused on static visualizations [76—78], this
study introduces interactive and dynamic AR objects. The
integration of APK and website access enables students to
manipulate AR objects and conduct virtual experimental
simulations.

The features embedded in the website are explicitly
designed to support cognitive processes associated with
critical thinking, following Ennis’s framework. These
include tools for formulating hypotheses, analyzing
evidence-based information through AR simulations,
designing experiments via a virtual laboratory aligned with
the STEM approach, and drawing conclusions. The features
are presented interactively, providing students with
immediate feedback for each question they answer, including
scores and explanations aligned with correct physics
concepts. All components are integrated into the stages of the
cognitive conflict—based learning model, ensuring that each
stage fulfills cognitive functions consistent with indicators of
critical thinking. These findings are consistent with previous
studies demonstrating the effectiveness of the cognitive
conflict model in addressing misconceptions and
strengthening analytical and critical thinking
skills [24, 45, 48]. Overall, the design of this physics website
has been developed to support the enhancement of students’
critical thinking skills in physics learning.

D. Validation of the Physics Website

The expert validation score, indicated by an Aiken’s V
value greater than 0.8, demonstrates a very high level of
content validity. This result confirms that the developed
website is strongly aligned with expert expectations in terms
of pedagogical quality. Furthermore, all evaluated aspects
including learning content, instructional design, layout and
navigation, and software utilization met the criteria of valid
and well-structured design components.

The user-friendly interface and intuitive navigation were
essential factors supporting learning effectiveness, consistent
with literature emphasizing the impact of visual design and
interactivity on student engagement [79-81]. The content
and instructional design structure were central to the
development of technology-based learning, which must be
systematically organized and relevant [82, 83]. The website
was developed with content and instructional structures
aligned with the stages of the cognitive conflict-based
learning model and the STEM approach.

The findings of this study indicate that the instructional
components and interactive elements of the website were
judged to be highly appropriate and theoretically valid,
demonstrating strong potential to support the development of
students’ critical thinking skills. The developed website
offers practical implications for teachers and students, as its
features allow for easy integration into both classroom-based

and hybrid learning environments. The platform is
open-access and can be used through computers or
smartphones without requiring any additional software
installation, enabling teachers to integrate it directly into their
lesson plans. The step-by-step structure based on the
cognitive conflict model helps teachers manage the learning
process systematically, while also guiding students to follow
the learning sequence more clearly.

Furthermore, the website provides immediate feedback on
each quiz, playing a crucial role in supporting self-directed
learning. The virtual laboratory feature enables flexible
experimentation and helps overcome limitations in physical
laboratory facilities. This exploratory environment not only
enriches students’ conceptual understanding but also fosters
curiosity and supports the development of critical thinking
skills through independent inquiry.

Overall, the integration of these features demonstrates that
the developed physics website holds considerable practical
potential for enhancing physics learning. Nevertheless, since
this study was limited to the design and validation stages,
further research is needed to investigate its impact on
learning processes and outcomes through longitudinal
experimental studies. Additional investigation of other
variables that may influence learning outcomes is also
recommended to obtain a more comprehensive understanding
of the website’s effectiveness in physics education.

VI. CONCLUSIONS AND IMPLICATIONS

This study has developed a physics website based on
cognitive conflict, AR, and STEM within the physics
learning framework to support students’ critical thinking
skills. The design was constructed by considering learning
characteristics and students’ perceptions, realized as a
physics website product, and validated by experts. The
design’s key features include the integration of AR, the
cognitive conflict-based learning model, and the STEM
approach, which synergistically supports the development of
critical thinking skills. Students’ perceptions were analyzed
through four main aspects: socio-emotional, efficiency,
actual behavior, and preference. The analysis indicates strong
student support for learning that utilizes AR phenomena, the
STEM approach, and the stages of a cognitive conflict-based
learning model to strengthen critical thinking. The findings
also suggest no significant differences in perceptions based
on gender or grade level.

These student characteristics and needs were the
foundation for developing the physics website. Expert
evaluation of the learning content, instructional design,
layout, navigation, and software utilization demonstrated that
all aspects fell into the valid category. Therefore, the
resulting physics website design meets the feasibility
standards for use in physics learning. Based on these findings,
it is recommended that physics websites utilize AR, cognitive
conflict-based learning models, and STEM elements to
support students’ critical thinking skills in physics teaching.

Nevertheless, this study has several limitations. The scope
of the research is restricted to the design and validation stages,
without conducting empirical classroom implementation or
longitudinal testing to evaluate the website’s effectiveness in
actual learning contexts. A stepwise evaluation with iterative
revisions is still required to produce a fully mature and
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high-quality product. Future studies are therefore planned to
empirically examine the website’s impact on students’
learning outcomes, including long-term effectiveness, as well
as students’ motivation and technology acceptance.
Furthermore, future research is encouraged to explore other
learning approaches and integrate additional innovative
technologies to further enhance the website’s educational
impact.
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