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Abstract. The development of high-level thinking skills, especially critical 

thinking (CT) and computational thinking (CompT), is a major demand 
for 21st-century science education. However, conventional physics 
instruction often fails to optimise the development of these skills owing 
to the abstract nature of physics concepts and the limitations of 
technological pedagogical integration. This research aims to develop and 
evaluate an augmented reality-based physics textbook based on 
integration (ARI physics textbook) as well as test its effectiveness in 
improving students' CT and CompT skills. This research method uses a 
mixed-methods design. The qualitative approach is carried out through 
expert validation of textbooks and research instruments. The quantitative 
approach used a quasi-experimental one-group pre-test–post-test design 
involving 35 students of class X, purposively sampled from one of the 
public high schools in Makassar City, Indonesia. Data were collected 
using expert validation sheets, practicality questionnaires, and validated 
CT and CompT test instruments. The results showed that AR-based 
physics textbooks have a very high level of validity and practicality, with 
a significance of >0.001. Inferential analysis showed a significant 
improvement in the CT and CompT skills of students after the 
intervention, with the N-Gain in the ‘moderate’ category, and the Cohen’s 
effect size in the ‘large’ category for CT and the ‘very large’ category for 
CompT. These findings indicate that the integration of augmented reality 
is effective pedagogically as a cognitive catalyst in physics learning. 
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1. Introduction 
1.1. Critical Thinking and Computational Thinking in Physics Education 
The paradigm shift in education in the 21st century demands an emphasis on 
mastering high-level thinking skills that can transcend disciplinary boundaries. 
In this context, the two cognitive competencies that emerge as the main 
foundations are critical thinking (CT) and computational thinking (CompT) 
skills. Critical thinking is defined as an intellectual process that is skilled in 
conceptualising, applying, analysing, synthesising, and evaluating information 
(Braun et al., 2020; Potter, 2022). CT can be the basic foundation for rational 
decision-making and effective problem-solving (Adhikari, 2023; Saiz & Rivas, 
2023).  
 
Meanwhile, CompT is understood as a mental framework that involves 
formulating problems and their solutions so that they are carried out by 
information-processing agents (Denning & Tedre, 2021; Kelly & Gero, 2021). 
CompT has evolved from a concept limited to computer science to a fundamental 
literacy required in various fields of science (Tekdal, 2021). The convergence of 
these two skills creates a powerful synergy: CT provides a framework for 
evaluating the validity and relevance of information, while CompT offers a 
systematic methodology for deconstructing and modelling complex problems. 
 
1.2 Challenges in Physics Learning 
The contemporary science education landscape, particularly in the physics 
domain, provides an ideal yet challenging context for the actualisation of CT and 
CompT. Physics, a discipline concerned with understanding natural phenomena 
through the construction and validation of theoretical models (Borsboom et al., 
2021; Coccia, 2020), is a means of training in integrated critical and computational 
thinking (Lee et al., 2020; Vieyra & Himmelsbach, 2022). The process of 
formulating hypotheses, designing experiments, analysing data, and revising 
models iteratively are direct manifestations of CT skills (Palts & Pedaste, 2020).  
 
In parallel, when faced with complex physical problems, individuals naturally 
decompose the problem into simpler components (Tang et al., 2021), identify 
patterns in data or system behaviour, abstract fundamental principles from 
surface details, and design a logical sequence of solution steps. The whole process 
reflects the core dimensions of CompT exactly. Ironically, however, the inherent 
potential of physics as a medium for developing CT and CompT skills is often 
not actualised in conventional pedagogical practice. 
 
The reality of the physics classroom in many educational contexts has been 
characterised by a student-centred approach and is no longer orientated to the 
transmission of knowledge alone. Learning models like this no longer reduce 
physics to a collection of algorithmic formulas and procedures to be solved (De 
Silva et al., 2020). Students no longer miss out on the opportunity to engage in 
the learning process. However, the opportunities that engage students in 
learning have not been able to touch the authentic knowledge-construction 
process at the heart of the development of CT and CompT (Kafri, 2022; Saad & 
Zainudin, 2022; Taconis & Bekker, 2023). Students are only engaged in 
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knowledge content exercises to apply formulas, not to question assumptions, 
analyse models, or strategise solutions (Ling et al., 2023; Taconis & Bekker, 2023). 
These challenges are compounded by the abstract nature of physics concepts, 
such as electromagnetic fields, quantum wave functions, or relativity, which are 
difficult to visualise with only the traditional devices such as static whiteboards 
and textbooks (Miani, 2021; Yuji, 2025). This abstraction creates significant 
cognitive barriers, hinders the formation of accurate mental processing models 
and limits the capacity of students to perform the qualitative and quantitative 
reasoning required for CT and CompT. 
 
1.3 Augmented Reality in Science Education 
The education community has witnessed the emergence of Information and 
Communication Technology (ICT) as a potential catalyst for pedagogical 
transformation in response to these challenges (Chacón et al., 2023; Nykyporets, 
2024). One of them is augmented reality (AR), which has gained significant 
traction owing to its unique ability to bridge the gap between the abstract world 
of theoretical concepts and the physical reality that students can observe 
(Algerafi et al., 2023; Koumpouros, 2024).  
 
Augmented reality maintains real-world context while enriching it with layers of 
superimposed digital information (Dargan et al., 2023; Mendoza-Ramírez et al., 
2023; Turner, 2022). The characteristics of AR allow for the visualisation of 
invisible concepts and the manipulation of virtual objects in physical space, thus 
creating an immersive and interactive learning experience (Scavarelli et al., 2020). 
For example, students can ‘see’ the lines of the magnetic field around a magnet, 
‘manipulate’ the orbits of planets in the solar system, or ‘observe’ the interference 
of sound waves in three-dimensional space. 
 
Various empirical studies have supported the effectiveness of AR in the context 
of science education. Comprehensive meta-analyses by Fadzil et al. (2022), Lin 
and Yu (2023), and Yu (2024) conclude that AR results in statistically significant 
improvements in learning achievement compared to non-AR methods, with 
impressive effect sizes. These findings are consolidated by other studies that have 
identified the positive impact of AR on student engagement (Drljević et al., 2022; 
Wang, 2022), intrinsic motivation, and conceptual understanding (Aldeeb et al., 
2024; Chen et al., 2023; Gill et al., 2024), especially for content that requires spatial 
visualisation and multi-representational modelling. The mechanism underlying 
the effectiveness of AR is thought to be related to its ability to reduce the cognitive 
load associated with mental visualisation, allowing valuable cognitive resources 
to be reallocated to higher-level thinking processes such as analysis and 
evaluation. 
 
1.4 Research Gap and Novelty 
However, when we examine the existing literature on the application of AR in 
science education through a critical lens, several important limitations and gaps 
emerge. First, many AR implementations are supplemental and fragmented in 
nature from a pedagogical integration perspective (Alzahrani, 2020; Gil et al., 
2022). The applications of AR are often developed as separate entities from the 
core curriculum and teaching materials only as a technological ‘gimmick’, which 
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is interesting but not integrated cohesively into the learning sequence (You & He, 
2022). This approach fails to harness the full potential of AR as a catalyst for 
pedagogical transformation, as the technology does not change the nature of 
cognitive tasks fundamentally or the interactions of students with content. 
Second, most studies have measured the impact of AR on variables such as 
conceptual comprehension, retention, and motivation, but relatively few have 
investigated its effect explicitly on the development of specific high-level 
thinking skills such as CT and CompT. In fact, the claim that AR supports the 
development of these skills is often put forward, but it is rarely tested empirically 
with valid and reliable instruments (Nikou et al., 2024; Tudor Car et al., 2022). 
 
Based on a comprehensive gap analysis, this study is designed to develop and 
evaluate a physics textbook integrating AR. The main innovation of this research 
lies in its holistic approach to technology integration, in which AR is not added 
as a supplement but integrated dialectically into the textbook fabric itself. The 
learning design that underlies the ARI physics textbook is designed intentionally 
to engage students in an enquiry cycle that requires the application of CT skills 
(such as analysing evidence, evaluating conclusions, and identifying biases) and 
CompT (such as decomposing problems, recognising patterns, and designing 
algorithms). In other words, AR technology serves as a cognitive catalyst that 
enables the types of tasks and questions that require and develop CT and CompT 
authentically. 
 
The novelty of this research can be articulated in two dimensions, namely 
pedagogical integration through the development of a framework for the deep 
and meaningful integration of AR into physics textbooks, and simultaneous 
empirical investigations of the impact of interventions on two critical cognitive 
constructs, CT and CompT, using specially developed and validated assessment 
instruments to measure these constructs in a physics context. The present study 
assesses the validity and practicality of the ARI physics textbook based on 
evaluations from subject matter experts, media- and learning-design specialists, 
teachers, and students. In addition, it investigates whether instruction using the 
textbook results in statistically significant improvements in critical thinking (CT) 
and computational thinking (CompT) skills. 
 
1.5 Research Objectives and Contributions 
This research aims to make a significant contribution to both educational practice 
and theoretical discourse. On a practical level, this research will produce 
innovative textbook prototypes ready for adoption and adaptation by physics 
educators. On a theoretical level, the findings of this study will deepen our 
understanding of how immersive technologies such as AR can be utilised 
optimally to cultivate the cognitive skills most needed in the 21st century. Thus, 
this research does not only respond to the immediate challenges in physics 
education it but also contributes to the broader educational goal of preparing 
learners to become critical thinkers, competent problem solvers, and tech-savvy 
citizens in an increasingly complex and technology-driven society. 
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2. Methods 
2.1 Research Design 
This study used a quantitative quasi-experimental approach with a one-group 
pre-test–post-test design (Matović & Ovesni, 2023; Siedlecki, 2020; Takács et al., 
2020). In the early stages, a qualitative phase was conducted to obtain expert 
validation of the product design and the CT and CompT skill measurement tools. 
This phase directly addressed research questions about the validity and 
theoretical feasibility of the ARI physics textbook and the research instruments. 
This study design was selected to measure how well the ARI physics textbook 
helps to improve the CT and CompT skills of students before and after the 
learning intervention. The quantitative phase aims to answer whether there are 
significant changes in these skills after students use the textbook. 
 
2.2. Participants and Research Context 
This study involved 35 students from a single grade X class at a State High School 
in Makassar City, Indonesia. The researchers used purposive sampling (Ames et 
al., 2019; Etikan, 2016), selecting this class because of its strong academic record 
and good technological readiness. The research was conducted over four months, 
including the product design stage, expert validation, and limited trials. The 
learning context took place in physics class X with topics that require conceptual 
visualisation and abstract modelling, such as the motion of objects on an oblique 
plane, as shown in Figure 1. 
 

 
Figure 1: ARI physics textbook visualisation 

 

2.3. Instruments and Data Collection 
The first instrument is an expert validation sheet designed to evaluate the 
feasibility of the ARI physics textbook. Three groups of experts took part in the 
validation: physics material experts, learning media experts, and learning-design 
experts. Each aspect was rated on a 4-point Likert scale (1 = not feasible to 4 = very 



851 

 

http://ijlter.org/index.php/ijlter 

feasible) (Ibiyemi et al., 2019). The evaluation covered content suitability, concept 
accuracy, AR visual quality, pedagogical integration, and instructional clarity. 
The second instrument to measure the level of practicality of the ARI physics 
textbook was used to survey teacher and student responses. This questionnaire 
evaluates the ease of use, clarity of instruction, integration of AR with book 
materials, and perception of learning benefits. The data from this questionnaire 
are used to support expert validation findings from the end-user perspective. 
 
The third instrument measures the critical thinking skills of students through a 
multiple-choice test adapted from Ennis (Saulius & Malinauskas, 2021), and 
tailored to physics learning. Three validators assessed its content validity on a 1–
5 scale, and the results were analysed using Aiken’s V coefficient (Roebianto et al., 
2023). The average Aiken’s V was 0.88, which is considered highly valid, as shown 
in Table 1. This indicates that the instrument is suitable for measuring the critical 
thinking skills of students. 
 

Table 1: Results of CT instrument validation analysis using Aiken’s V 

No Indicator CT 
Validator 

1 
Validator 

2 
Validator 

3 
Aiken’s 

V 
Category 

1 
Provide a 

simple 
explanation 

3.75 3.5 3.75 0.89 Highly Valid 

2 
Build basic 

skills 
3.5 3.75 3.5 0.86 Highly Valid 

3 Summing up 3.75 3.75 3.5 0.89 Highly Valid 

4 
Provide 
further 

explanation 
3.5 3.5 3.75 0.86 Highly Valid 

5 
Setting 

strategies and 
tactics 

3.75 3.75 3.75 0.92 Highly Valid 

Mean 0.88 Highly Valid 

 

The fourth instrument is a CompT skill test that uses a physics-based problem-
solving tool to assess four main areas: decomposition, pattern recognition, 
abstraction, and algorithmic thinking (Denning & Tedre, 2021). Three experts 
validated the instrument, and analysis with Aiken’s V gave an average score of 
0.89, which is considered highly valid, as shown in Table 2. 

 
Table 2: Results of CompT instrument validation analysis using Aiken’s V 

No Indicator CT 
Validator 

1 
Validator 

2 
Validator 

3 
Aiken’s 

V 
Category 

1 Decomposition 3.75 3.75 3.50 0.89 Highly Valid 

2 
Pattern 

recognition 
3.50 3.75 3.50 0.86 Highly Valid 

3 Abstraction 3.75 3.50 3.75 0.89 Highly Valid 

4 
Algorithmic 

thinking 
3.75 3.75 3.75 0.92 Highly Valid 

Mean 0.89 Highly Valid 
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2.4 Data Analysis Techniques 
The validity analysis of the ARI physics textbook was carried out using the 
method of understanding between two experts or Gregory analysis to assess the 
feasibility of content and language (Gregory & McDaniels, 2005; Gregory, 2021). 
Two independent experts reviewed the physics material and assessed its language 
quality. The analysis showed a Gregory coefficient of understanding of 1.00 (≥ 
0.80), which means the textbook is highly valid and suitable for learning. 
Practicality data from teacher and student questionnaires were analysed 
quantitatively by calculating the average and the percentage achieved for each 
indicator. The critical and computational thinking skills of students were 
described using pre-test and post-test scores to show their abilities before and 
after the learning intervention.  
 
To measure the effectiveness of the ARI physics textbook, a paired sample t-test 
compared pre-test and post-test scores for CT and CompT. Before this test, a 
normality check was performed at the α = 0.05 significance level (Aslam, 2024; 
Kwak, 2023). The improvement in students’ skills was measured using N-Gain 
(Triyono et al., 2024), which was classified as low (g < 0.30), medium (0.30 ≤ g < 
0.70), or high (g ≥ 0.70). Effect sizes were also calculated using Cohen’s d, with 
small (d = 0.20), medium (d = 0.50), and large (d ≥ 0.80) categories to assess the 
practical impact of the intervention (Cohen et al., 2021). 
 

3. Results and Discussions 
3.1. Practicality of the ARI Physics Textbook from the Perspectives of Teachers 
and Students 
In addition to validity, the research questions also include the practical aspects of 
using the ARI physics textbook in the context of real learning. The results of the 
teachers’ response showed an average score of 3.75 (very positive category), while 
the students’ response showed 80% very positive and 20% positive, with no 
negative response. 
 

 
(a)      (b) 

Figure 2: Percentage of response of teachers (a) and students (b) to the ARI physics 
textbook 

 

These findings align with the technology acceptance model (TAM), which posits 
that people accept technology based on how useful they perceive it to be 
(perceived usefulness) and how easy it is to use (perceived ease of use) (Han & Sa, 
2022; Kamal et al., 2020). The positive response from both teachers and students 
shows that the ARI physics textbook meets both criteria. Compared to previous 
studies which reported the resistance of teachers to new technologies owing to 
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technical complexity or additional workload (Stacey et al., 2023), the results of this 
study suggest that the integration of AR into familiar print-digital textbooks can 
reduce barriers to adoption. This reinforces the position of this research as a 
sustainable and realistic model of AR integration for school contexts. 
 
3.3. Effectiveness of the ARI Physics Textbook on Students’ Critical Thinking 
Skills 
Table 3 shows the results of the descriptive analysis of students' critical thinking 
skills before and after using the ARI physics textbook. The average scores 
increased from the pre-test to the post-test, suggesting that students' critical 
thinking skills improved after the intervention. However, the post-test scores 
were more spread out than the pre-test scores, which means that the amount of 
improvement varied among students. 
 

Table 3: Descriptive statistics 

Statistics Mean SD Min Max 
Pre-test 56.69 7.90 42.00 75.00 
Post-test 69.56 15.09 31.82 100.00 

 
A normality test was conducted before performing inferential analysis to 
determine whether parametric tests were appropriate. The Shapiro–Wilk test 
results in Table 4 indicate that the pre-test and post-test data for critical thinking 
ability are normally distributed (p > 0.05). Therefore, the data meet the normality 
assumption, allowing for valid analysis using the paired sample t-test. 
 

Table 4: Tests of normality (Shapiro–Wilk) 

Data Statistic df Sig. Remarks 
Pre-test 0.940 35 0.058 Normal 
Post-test 0.958 35 0.199 Normal 

 
The paired-samples t-test results in Table 5 indicate a statistically significant 
difference between the pre-test and post-test critical thinking scores of students. 
The significance value was below the set threshold, suggesting that using the ARI 
physics textbook helps to improve the critical thinking skills of students (Wibowo, 
2023). 
 

Table 5: Paired-samples test of CT skills 

Pair Mean 
Difference 

SD Std. Error 
Mean 

t df Sig. (2-tailed) 

Post-test – Pre-
test 

12.87 10.39 1.76 7.36 34 0.001 

 
To clarify the level of effectiveness of the increase that occurred, the normalised 
gain (N-Gain) analysis was performed and presented in the form of a category 
distribution in Figure 3. The distribution showed that most students experienced 
improved critical thinking skills in the medium to high category, which indicates 
that learning interventions are not only statistically effective, but also 
pedagogically relevant. 
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Figure 3: Distribution of N-Gain category of students' critical thinking skills 

 
Furthermore, to assess the strength of the impact of the intervention practically, 
an effect size calculation was performed using Cohen’s d, as shown in Table 6. The 
effect size value in the large category confirms that the improvement of the critical 
thinking skills of students after learning using the ARI physics textbook has a 
substantial and meaningful impact in the context of physics learning. 
 

Table 6: Effect size of the intervention (Cohen’s d) 

Comparison N 
Mean 

(Pre-test) 
Mean 

(Post-test) 
Mean 

Difference 
SD of 

Difference 
Cohen

’s d 
Effect 

Magnitude 

Pre-test vs 
Post-test 

35 56.69 69.56 12.87 10.39 1.24 Large 

 
The research aimed to determine whether students' critical thinking skills 
improved after using the ARI-Physics Textbook. The average score increased from 
56.69 before the lessons to 69.56 after. A paired-samples t-test showed that this 
improvement was statistically significant (p = 0.001), and Cohen’s d of 1.24 
indicates a strong effect of the intervention. These results suggest that the ARI 
physics textbook helps students to develop their critical thinking skills. This 
improvement aligns with higher-order thinking theory, which holds that critical 
thinking develops when students analyse, evaluate, and synthesise information 
rather than just following procedures (Alexander, 2023; Kwangmuang et al., 2021; 
List & Sun, 2023). 
 
The AR feature allows students to explore physical phenomena visually and 
interactively (Lai & Cheong, 2022; Prit Kaur et al., 2022), so they can test 
hypotheses, compare representations, and evaluate cause-and-effect relationships 
more deeply. This process is in line with the CT indicators, according to Ennis, 
especially in the aspect of explaining, concluding, and setting strategies (Septiany 
et al., 2024; Yu & Zin, 2022). Compared to previous studies that reported moderate 
improvement in CT through the use of conventional digital media (Higashigaito 
et al., 2022), the results of this study show that pedagogically integrated AR is able 
to produce stronger effects (Garzón et al., 2020; Perifanou et al., 2023). This 
reinforces the claim that visual-interactive technology has great potential in 
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stimulating critical thinking skills (Martono & Aloysus, 2025), as long as it is 
designed to support the inquiry and reflection process. 
 
3.4. Effectiveness of the ARI Physics Textbook on Students’ Computational 
Thinking Skills 
Table 7 shows the results of the descriptive analysis of students' computational 
thinking skills before and after using the ARI physics textbook. The data reveal a 
significant increase in average scores from the pre-test to the post-test, and the 
distribution of scores stayed fairly consistent. The low and similar standard 
deviation values for both tests suggest that most students improved their 
computational thinking skills at a similar rate. 

 
Table 7: Descriptive statistics 

Statistics Mean SD Min Max 

Pre-test 58.49 3.19 52.50 63.50 
Post-test 81.24 3.18 75.25 86.25 

 
The paired sample t-test results in Table 9 show a statistically significant 
difference between students' pre-test and post-test scores in computational 
thinking skills. The significance value was much lower than the accepted 
threshold, indicating that using the ARI Physics Textbook greatly improves 
computational thinking skills. 
 

Table 8: Tests of normality (Shapiro–Wilk) 

Data Statistic df Sig. Remarks 

Pre-test 0.959 35 0.216 Normal 
Post-test 0.959 35 0.219 Normal 

 
Test results paired sample t-test presented in Table 9 shows that there is a very 
statistically significant difference between the pre-test and post-test scores of 
students' computational thinking skills. The significance value obtained was far 
below the established level of trust, which indicates that learning using the ARI 
physics textbook has a very strong impact on improving computational thinking 
skills (Wibowo, 2023). 
 

Table 9: Paired-samples test of CompT skills 

Pair Mean 
Difference 

SD Std. Error 
Mean 

t df Sig. (2-tailed) 

Post-test – Prtest 22.75 0.61 0.10 2219.73 34 0.000 

 
To more comprehensively describe the level of effectiveness of the upgrade, the 
analysis normalised gain (N-Gain) is carried out and presented in the form of a 
category distribution in Figure 3. The distribution showed that the majority of 
students were in the category of high improvement, which confirms that learning 
interventions are effective not only in terms of statistical significance, but also 
from the point of view of pedagogical relevance (Kraft, 2020; Wong & Li, 2020). 
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Figure 4: Distribution category N-Gain CompT skills students 

 
Furthermore, the strength of the impact of the intervention was analysed through 
the calculation of effect size using Cohen’s d, as shown in Table 10. The effect size 
value, which is in the very large category, confirms that the use of the ARI physics 
textbook has a very substantial influence on the development of the 
computational thinking skills of students, as well as has strong practical 
implications in the context of 21st century skill-based physics learning. 
 

Table 10: Effect size of the intervention (Cohen’s d) 

Comparison N 
Mean 
(Pre) 

Mean 
(Post) 

Mean 
Difference 

SD of 
Diffe-
rence 

Cohen
’s d 

Effect 
Magnitude 

Pre-test vs 
Post-test 

35 58.49 81.24 22.75 0.61 > 2.00 Very Large 

 
This study has examined how using the ARI physics textbook affects the CompT 
abilities of students. The results showed a clear improvement, with average scores 
rising from 58.49 before the intervention to 81.24 after. Statistical analysis 
confirmed a significant difference (p < 0.001), and Cohen’s d was greater than 2.00, 
indicating a very large effect. These findings suggest that the learning intervention 
strongly supports the CompT development of students (Akugizibwe & Ahn, 2020; 
Higashigaito et al., 2022; Rich et al., 2021). In theory, these results align with the 
definition of computational thinking, which highlights decomposition, pattern 
recognition, abstraction, and algorithmic thinking (Lee & Malyn-Smith, 2020; 
Qian & Choi, 2023).  
 
The AR feature allows students to visualise physics systems dynamically, 
breaking down complex problems into simpler components (Del Cerro Velázquez 
& Morales Méndez, 2021), as well as designing solution steps systematically. 
Compared to previous research that generally associated CompT with learning 
programming or robotics (Hsu et al., 2022), this study expands the scope of the 
literature by showing that AR-based physics learning is also a very effective 
vehicle for developing CompT. This reinforces the view that CompT is a cross-
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disciplinary skill that can be developed in an authentic, non-computational 
context. 
 
The results of this study show that the ARI physics textbook is valid, practical, 
and effective at improving the critical thinking and computational skills of 
students. Each research question was answered with empirical evidence, covering 
validity, practicality, and the enhancement of both critical thinking and 
computational abilities. These results support cognitive load theory, which 
suggests that external visualisation can lower intrinsic cognitive load and help 
students to focus on higher-level thinking. The findings also support previous 
research showing that immersive technologies like AR can serve as a cognitive 
catalyst rather than just a visual aid. The main contribution of this study is the 
combined use of AR and textbooks to develop two advanced cognitive skills, an 
area that has not been widely studied. This research does not only support earlier 
findings but also broadens the theoretical and practical understanding of how AR 
can be used in physics education. 
 

4. Conclusion 
This study has evaluated the validity, practicality, and effectiveness of the ARI 
physics textbook for improving the CT and CompT skills of high school students. 
The findings show that the textbook has a very high level of theoretical validity, 
as validators agreed fully on its content and language. Teachers and students also 
gave very positive feedback, suggesting that the ARI physics textbook is practical 
and suitable for use in physics classes. Quantitative analysis revealed a 
significant improvement in the CT and CompT skills of students after using the 
textbook. The effect size was large for CT and even larger for CompT, showing 
that the intervention had a strong practical impact, not just statistical significance.  
 
All research questions were answered with evidence from the study. These 
results are important for both science education practice and theory. In practice, 
the ARI physics textbook offers educators a new way to help students develop 
higher-level thinking skills through immersive technology. Theoretically, the 
study supports the idea that AR can be an effective cognitive tool when used 
thoughtfully in teaching, rather than just as a visual aid. However, the study has 
some limitations, including using only one group without a control group, and a 
small, specific sample. Future research should use a stronger experimental 
design, include more and diverse students, and examine the long-term effects of 
the ARI physics textbook on the advanced thinking skills of students. 
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