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ABSTRACT

This research seeks to ascertain the efficacy of incorporating cognitive conflict-based Augmented Reality
into STEM curricula on students’ views towards the content of Newton's Law of Gravity and Kepler's Law. The
method used is pre-experimental with a One-Group Pretest-Posttest design, involving 17 students of phase F of
SMA Negeri 1 Candung. The instrument used is an attitude questionnaire adapted from the Colorado Learning
Attitudes about Science Survey (CLASS) and has been validated by experts. Data were analyzed using the
Shapiro-Wilk normality test and Hypothesis testing using the Paired t-test. The results showed a significant
increase in students' attitudes after AR-based learning, with a significance value (p = 0.005) <0.05. These
findings indicate that the use of AR integrated with cognitive conflict and the STEM approach shows the
potential for a positive impact on students' attitudes in physics learning. With the goals of enhancing students'
emotional elements within the framework of 21st century learning, this research adds to the development of
technology-based physics learning innovations.
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I.  INTRODUCTION

Education is the main foundation in shaping individuals and society. Along with the development of the era
and technological advances, the educational paradigm has undergone significant transformation [1]. Education is
also required to always be at the forefront, especially in meeting the expectations of the 21st century through the
presentation of relevant and contextual learning [2]. Strong scientific literacy, together with the ability to think
critically, creatively, and collaboratively, is now valued in educational practice [3]. This encourages the need to
utilize technology in learning that focuses not only on cognitive aspects, but also on students' affective aspects.

One of the relevant technologies to support modern learning is Augmented Reality (AR). In order to
connect theoretical ideas with tangible examples, this technology enables the real-time interactive display of
virtual things in a physical setting [4]. In the context of physics learning, AR provides a more interesting
learning experience and can increase student engagement in material that is considered difficult and boring, such
as Newton's law of gravity [5].

However, sophisticated learning media alone is not enough. A pedagogical approach is needed that can
stimulate students' critical thinking. One of them is the cognitive conflict approach, which works by creating a
discrepancy between students' initia STEM encouragesl understanding and scientific facts, thus encouraging a
more scientific reconstruction of the concept [6]. When this conflict is visualized through AR, the potential for
changes in students' attitudes and understanding becomes greater.

STEM (Science, Technology, Engineering, and Mathematics) integration further strengthens the learning
design. STEM encourages students to think across disciplines and apply concepts applicatively to solve real
problems [7]. Within this framework, AR based on STEM-integrated cognitive conflict is seen as a strategic
combination that not only improves conceptual Low positive attitude understanding but also forms a positive
attitude towards physics.

Students' attitudes towards physics learning are still negative. Many students view physics as a difficult,
abstract, and boring subject [8]. This low positive attitude towards science has implications for low motivation
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and active participation of students in learning [9]. This condition is exacerbated by the minimal use of
interactive teaching materials in schools, which results in a lack of student involvement in understanding physics
concepts in depth.

Research by Mariyadi and Idam R.W in [10] revealed that 66.7% of students have misconceptions about
gravitational force. In addition, Hikmah's research in [11] showed that 56% of students still do not understand
the concept of particle dynamics, including gravitational force. This shows the low understanding of students
about the concept of Newton's Law of Gravity. As a result, the learning process becomes less meaningful and
boring so that students' learning motivation is low.

Based on the results of interviews with teachers at SMA Negeri 1 Candung, a direct learning model is still
being applied that relies on teaching materials such as textbooks and blackboards. Furthermore, pupils are less
invested in their own learning due to the still-limited usage of instructional tools. As a result, students have
difficulty understanding physics concepts in depth and developing the necessary science skills. This causes many
students to consider physics as a difficult and confusing subject. Because they find it difficult to understand the
material, students become less motivated to learn, and even tend to ignore physics lessons.

Previous researchers by Mufit et.al in [12]. Have developed AR-based teaching materials that integrate
cognitive conflict and STEM approaches, and have proven their feasibility through expert validation tests.
Although AR-based media have been widely developed, most other studies focus more on improving conceptual
understanding or scientific literacy [13]; [14]. Aspects such as students' attitudes towards physics are still rarely
the main focus. Therefore, this study aims to test the effectiveness of using AR based on STEM-integrated
cognitive conflict in improving students' attitudes on the material of Newton's Law of Gravity and Kepler's Law.

I1. METHOD

In this research, pre-experimental designs were used. The purpose of this research is to observe changes in
outcomes after therapy is administered to one group using a pre-experimental approach using a One-Group
Pretest-Posttest Design. A total of seventeen pupils from a single class participated in this research. The sample
class was given treatment with Augmented Reality based on the STEM integrated cognitive conflict model. The
initial learning activity of students was given an initial assessment to determine the initial attitude of students,
after which the class was given treatment using Augmented Reality based on STEM integrated cognitive
conflict. After being given treatment, the class was given a final assessment to determine changes in student
attitudes. This study's design is summarised in the table below:

Table 1. Research Design

Initial Assessment Treatment Final assessment score

0, X 0,

(Source: Ref [15])
Description
Oq : Initial assessment score
O, : Final assessment score
X : Treatment using Augmented Reality based on STEM integrated cognitive conflict model

1. Research Procedure

Research procedure is a series of orderly steps used to collect information and answer research
questions. This research was conducted through three main steps, namely preparation, implementation, and
completion. In the preparation phase, the researcher selected the school and research schedule, prepared a
permit letter, determined the population and sample, and prepared the research instrument. The
implementation stage was carried out on one sample class that was given treatment using Augmented
Reality teaching materials based on STEM integrated cognitive conflict.

This treatment aims to see its impact on student attitudes. The final stage is the completion stage,
which includes collecting research data, processing and analyzing data, and discussing the results obtained
during the research process. This discussion aims to explain the results, and evaluate the implementation of
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the learning that has been implemented. This stage is closed by drawing conclusions from the entire research
activity process.

2. Population

According to Sugiyono, the population is the subject of the research as a whole [15]. The population
used as the object of research in this study was all Phase F (science-physics) students of SMA Negeri 1
Candung who were registered in the 2024/2025 academic year.

3. Sample

Saturated sampling, which was performed in this research, involves taking a random sample from the
whole population that fits the requirements. This technique was chosen because the number of participants
in the population is relatively small and homogeneous[16].

The sample consisted of 17 Phase F students at SMA N 1 Candung in the 2024/2025 academic year,
which included 10 male students and 7 female students. all students in this class were directly involved in
the learning process using Augmented Reality based on STEM integrated cognitive conflict, as well as in
the initial and final assessments aimed at measuring changes in attitude.

4. Data Collection Technique

Data collection in this study was carried out by distributing student attitude questionnaires before and
after treatment. This method is applied to evaluate the extent to which students' attitudes change towards
physics lessons after participating in Augmented Reality (AR)-based learning integrated with the cognitive
conflict model and the STEM approach.

The tool used is a closed questionnaire consisting of 30 statements arranged based on student attitude
indicators in physics learning [17]. Using a 5-point Likert scale, students are requested to provide their
replies. The entire data collection process is carried out directly in class during the learning process, with
guidance from the researcher to ensure clarity of instructions and honesty of responses.

Table 2. Data Collection Techniques

Collection
Data Type Instrument techniques
Altitude questions Initial assessment and
Attitude Questionnaire according to

attitude indicators final assessment

5. Research Instruments

The Research in this research relied on a physics-themed student attitude questionnaire developed by
modifying the CLASS tool [18]. This tool is designed to assess students' views on physics lessons, how they
learn physics, and the alignment of their views with scientific thinking.

The questionnaire consists of 30 closed-ended statements that reflect five attitude indicators, namely:
the relevance of physics in daily activities, knowledge and use of physics principles, interest and motivation
in learning physics, independence in learning physics, collaboration and learning strategies. A 5-point Likert
scale is used to evaluate each statement; 1 indicates a strong disagreement and 5 indicates a strong
agreement. Before being used, the instrument has gone through a content validation process by physics
education experts to ensure the representativeness of the indicators and the clarity of the statement items.
The validation results show that the instrument is suitable for measuring affective aspects in the context of
technology-based physics learning.

6. Data Analysis Technique

Data obtained from the initial assessment and final assessment in the form of student attitude scores
were analyzed quantitatively to measure changes after treatment. The attitude questionnaire was developed
using a Likert scale with five response categories: strongly agree (score 5), agree (score 4), neutral (score 3),
disagree (score 2), and strongly disagree (score 1) [15]. The Likert scale is a tool widely used in educational
research to assess attitudes because it produces data that can be easily analyzed statistically [19].
Interpretation of student attitude levels is based on the average score obtained. If the average score is in the
range of 3.68 to 5.00, the attitude is categorized as high. If the score ranges from 2.34 to 3.67, the attitude is
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categorized as moderate. Meanwhile, if the score is between 1.00 and 2.33, the attitude is categorized as
low[20].

There were two phases to the analysis: testing prerequisites and testing hypotheses. Before anything
further, we made sure the data was normal by running it through the Shapiro-Wilk test. This test was chosen
because the number of samples was below 50 [21]. If the data is proven to be normally distributed, then a
parametric test is used, while if not, then a nonparametric test is used. In this study, because the data were
normally distributed, the analysis was continued using the Paired t-test which was appropriate for comparing
two groups of paired data (initial assessment and final assessment in one group). Using STEM-integrated
cognitive conflict as a framework, this test seeks to ascertain whether or not students' opinions alter
significantly before and after studying using AR. All analyses used SPSS software version 25.0, with a
significance level (p = 0.05).

I11. RESULTS AND DISCUSSION

Results

This study aims to determine the impact of the implementation of Augmented Reality (AR) based on
STEM integrated cognitive conflict on students' attitudes in the material of Newton's Law and Kepler's Law.
Data were obtained through initial and final assessments measured using a validated attitude questionnaire
adapted from the CLASS instrument. The Attitude Questionnaire consists of five indicators, namely: the
relevance of physics in daily activities, knowledge and use of physics principles, interest and motivation in
learning physics, independence in learning physics, collaboration and learning strategies.

Table 3. Descriptive analysis of scores before and after treatment

Minimum  Maximum Mean Std. Deviation

N Pre post Pre post Pre post Pre post

Relevance of physics 17 250 300 400 500 329 401 .458 .606
Understanding of physics 17 3.00 3.00 425 500 348 389 .333 .596
Interest and motivation 17 260 260 420 500 337 376 494 775
Independence 17 260 260 400 500 343 374 348 817
Collaboration and strategy 17 250 233 417 483 326 354 416  .758
Valid N (listwise) 17

(Source: Ref [22])

Based on Table 3, there is an increase in the average score on each student attitude indicator after the
treatment was given. To clarify the changes, Table 4 presents a comparison of the average attitude scores before
and after the treatment based on the category. This comparison aims to provide a more comprehensive picture of
the qualitative improvement in student attitudes, so that it can be seen which indicators have experienced the
most significant changes.

Table 4. Comparison of average attitude scores before and after treatment

Pre-treatment Post-treatment
Indicator
Average  Category  Average Category
Relevance of physics 3.29 Currently 4.01 Tall
Understanding of physics 3.48 Currently 3.89 Tall
Interest and motivation 3.37 Currently 3.76 Tall
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Independence 3.43 Currently 3.74 Tall

Collaboration and strategy 3.26 Currently 454 Currently

The descriptive analysis revealed that the average attitude rose from 3.37 before treatment to 3.79 after
treatment. The highest value before treatment was in the Understanding of Physics indicator (3.48), while after
treatment the highest value was in the Collaboration and Strategy indicator (4.54), which showed a significant
increase in attitude in all aspects. The analysis began with a normality test through Shapiro-Wilk which showed
that the data followed a normal distribution (p > 0.05). Then a paired t-test was carried out.

1. Normality Test

A normality test must be conducted before hypothesis testing to guarantee that the data is normally
distributed. In this study, the Shapiro-Wilk test was selected because the number of samples is less than 50. The
findings of the normality test that was performed on the data pertaining to the students' attitudes are as follows:

Table 5. Results of the Attitude Questionnaire Normality Test
Shapiro-Wilk

Kategori ~ Statistic df Sig.

Skor angket attitude sebelum 970 17 .813

setelah .899 17 .066

*. This is a lower bound of the true significance.
a. Lilliefors Significance Correction

(Source :Ref [22])

The data in the table shows the results of the normality test calculation before and after being given
treatment in the experimental class using the Shapiro-Wilk Test. The significance value before (p = 0.813) >
0.05 and after (p = 0.066) > 0.05. The data is normally distributed before and normal after treatment. These
results indicate that the data is suitable for parametric statistical tests. Therefore, further analysis can be
conducted using the paired t-test to compare the mean scores before and after treatment.

2. Test Results of Attitude Hypothesis Test

Hypothesis testing of the initial assessment and final assessment in the prerequisite test resulted in the
conclusion that the data tested using the Shapiro-Wilk Test were normally distributed. Thus, the next step can be
done with the Paired t-test, to determine whether there is a significant difference in student attitudes before and
after treatment. This test helps evaluate the effectiveness of AR-based learning interventions. The results are
presented in Table

Table 6. Results of the Paired t-test
Paired Differences

95% Confidence Interval

of the Difference

Sig. (2-
Lower Upper
Mean  Std. Deviation ~ Std. Error Mean t df  tailed)
Pair1 skorsebelum- -8.46275 10.57906 2.56580 -13.90200  -3.02349 -3.298 16 .005

skor setelah
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(Source:Ref [22])

Based on the output table above, it is known that the sig. value (2-tailed) is 0.005 < 0.05, so hq is rejected
and h, is accepted. This result indicates a statistically significant improvement in students’ attitudes towards
physics. The negative mean difference confirms that the post-treatment scores are consistently higher. This
supports the hypothesis that STEM-integrated AR learning positively influences student attitudes. So it can be
concluded that there is an average difference between the attitude scores before and after using augmented
reality.

Discussion

This study aims to determine the impact of the use of Augmented Reality (AR) based on STEM-integrated
cognitive conflict on students' attitudes in the material of Newton's Law of Gravity and Kepler's Law. Data were
obtained through initial assessments and final assessments that measured students' attitudes. The results of the
analysis showed a statistically significant increase. This finding confirms the positive potential of using AR
technology in physics learning.

As mentioned in other studies, according to Osborne et al. in [23] stated that attitudes towards science are
influenced by learning experiences, perceived relevance, and comfort during the learning process. Another study
by Pambayun et al in [24] stated that limitations in technology generally have greater appeal and motivation to
learn science while negative experiences can hinder students' interest and involvement in learning . Therefore,
creating a fun and meaningful learning experience plays an important role in building students' positive attitudes
towards science.

Although the findings of this study show the advantages of using AR, there are several limitations that must
be considered. One of them is the dependence on technological devices, where some students experience
difficulties in operating the AR application because they are not yet familiar with the technology. In addition,
this study was only conducted for a period of one month, so it has not been able to measure the long-term impact
of using AR in learning. Consistent with previous studies that AR can lead to significant increases in student
engagement, knowledge retention, and skill development over time. However, the long-term effectiveness of AR
depends on various factors, including the quality of the AR design, the level of institutional support, and the
availability of competent educators [25].

This study has several limitations that can be used as references for future research. First, this research was
only conducted in one school, namely SMA Negeri 1 Candung, so the generalization of the results is still limited.
Second, limitations in technological infrastructure are also a problem, especially for students who do not have
compatible devices to run AR applications. Third, the relatively short research time makes it impossible to
analyze the long-term impact of using AR in physics learning comprehensively. Fourth, the attitude aspect of
students was only measured in one class, without any comparison from the control class. Therefore, for future
research, it is suggested that the attitude aspect be measured in both groups, and involve more schools and other
variables to be more comprehensive and representative. So, in order to improve the quality of high school
physics education, this study is anticipated to be useful for researchers, educators, and policymakers.

IV. CONCLUSION

Based Data analysis and discussion led to the conclusion that students' attitudes towards Newton's Law of
Gravity and Kepler's Law were improved via the use of Augmented Reality (AR) teaching materials based on
cognitive conflict combined with the STEM philosophy. This is indicated by an increase in the average score of
students' attitudes from 3.37 (moderate category) to 3.79 (high category) after being given treatment. The
statistical analysis using the Paired Sample t-Test revealed a statistically significant difference, with a
significance level of 0.005 <0.05. The increase occurred evenly in all attitude indicators, with the highest
achievement in the physics understanding and learning strategy indicators. These findings support the
development of technology-based physics learning innovations that are in line with the demands of 21st century
learning, especially in the affective aspects of students. Therefore, learning with a similar approach has the
potential to be implemented more widely. However, given the limitations of the research design, further studies
are needed involving control groups and a larger sample coverage to strengthen the generalization of the
findings.
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