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ABSTRACT

This study aimed to examine the impact of mobile augmented reality (MAR) implementations on critical 
thinking in vocational high school students. This study employed quantitative methodology, particularly 
quasi-experiment with a pre-experiment method. 120 vocational high school students, who have enrolled the 
accounting lesson in Class X, were examined to obtain answers to the two research questions. The findings 
indicate that students in the experimental class, who utilized the AR in their learning process, had significant 
enhancements in their critical thinking skills compared with the control class. This improvement illustrates 
that the implementation of AR has potential to promote the critical thinking skills of the students. To better 
understand these results, this study also examines the enhancement of critical thinking skills based on the six 
indicators of critical thinking skills—interpretation, analysis, conclusions, evaluations, explaining, and self-
regulations. By comparing each indicator of the critical thinking skills, there are differences between both 
the experimental and the control class. The experimental class showed enhancement in all indicators but 
with significant improvement in conclusions, evaluations, and explaining. More crucially, through the learning 
process, implementation of AR technologies also instills the aspect of developing critical thinking skills.
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RESUMEN

Este estudio tuvo como objetivo examinar el impacto de la implementación de la realidad aumentada móvil 
(MAR) en el desarrollo de las habilidades de pensamiento crítico de los estudiantes de educación secundaria 
técnica. Este estudio utilizó una metodología cuantitativa, en particular un diseño cuasi-experimental con 
un método de pre-experimento. Se examinaron a 120 estudiantes de secundaria técnica que habían tomado 
la asignatura de contabilidad en el Grado X, para obtener respuestas a dos preguntas de investigación. Los 
hallazgos indican que los estudiantes en la clase experimental, quienes utilizaron la realidad aumentada en 
su proceso de aprendizaje, mostraron mejoras significativas en sus habilidades de pensamiento crítico en 
comparación con la clase de control. Esta mejora ilustra que la implementación de la realidad aumentada 
tiene el potencial de promover las habilidades de pensamiento crítico en los estudiantes. Para comprender 
mejor estos resultados, este estudio también examina el desarrollo de las habilidades de pensamiento crítico 
basándose en los seis indicadores de estas habilidades: interpretación, análisis, conclusiones, evaluaciones, 
explicación y autorregulación. Al comparar cada uno de los indicadores de las habilidades de pensamiento 
crítico, se observan diferencias entre la clase experimental y la clase de control. La clase experimental 
mostró mejoras en todos los indicadores, pero con un progreso significativo en conclusiones, evaluaciones y 
explicación. Más importante aún, a través del proceso de aprendizaje, la implementación de tecnologías de 
realidad aumentada también fomenta el desarrollo de las habilidades de pensamiento crítico.
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INTRODUCTION
Vocational education is one type of educational process that prepares learners by obtaining definite skills, 

knowledge, and competencies for a specific occupation. In this regard, the learning process in vocational 
high schools has to face several problems: outdated curricula; low interest of students; and inappropriate 
competences of teachers.(1,2) This problem is further exacerbated by the weak support the teachers receive in 
improving their competency in teaching students effectively. Another problem that exists in vocational learning 
is the conventional teaching method, such as lectures. The students are primarily presented with explanations 
of the learning materials without its relevance to real-world problems.(3,4) It might be applied widely but often 
do not cater adequately with the complexity of the material, specifically, making students disengage and to be 
unmotivated. This contributes to the high unemployment rate among vocational school graduates.(5)

Hence, there is an urgent need to incorporate more active and student-centered learning that can help 
students better understand, and as well, improve their critical thinking skills when addressing complicated 
materials.(6) Vocational schools also prioritize the development of practical skills and theories compared to soft 
skills such as critical thinking. The development of critical thinking is often difficult to integrate into technical 
and vocational education and training because the main focus is on mastering practical skills and theories that 
can be directly applied in the workplace. The vocational school system has not succeeded in producing students 
that are able to think critically and gives them opportunity to explore their imaginative ideas in the learning 
process.(7) Their thinking abilities remain at a low level because teachers often spoon-fed them with materials 
but seldom taught them how to learn. They struggle to integrate the skills, knowledge and also attitude as it 
needs complex cognitive skills. Consequently, the students face difficulties in solving real life problems, making 
decisions, and thinking critically and creatively.

Meanwhile, to produce high-quality graduates from vocational high schools, it is essential to have a common 
understanding between the competencies that must be achieved by the students and the needs of the industry 
in the country.(8) Along with the economic and industrial revolution, there are 6 main competencies that 
students must have in the 21st century, collectively known as the 6Cs of 21st century education. They are 
critical thinking, communication, collaboration, creativity, character and culture/citizenship.(9) Therefore, it 
is crucial not only to master practical skills but also to instill soft skills such as critical thinking abilities in 
vocational high school students. This approach will enable students to be able to solve real-world problems 
effectively. Incorporating critical thinking into vocational education leads to sharper ability of students for 
logical reasoning and applying creativity when solving tasks in any professional conditions.(10) Students can gain 
critical thinking skills from activities such as involving them in problem solving-based activities encouraging 
them to carry out lots of exploration and questioning activities so that they are ready to face the complex and 
complicated world of modern work. Hence, we cannot neglect the importance of critical thinking skills in a 
vocational high school setting. Critical thinking skills can be categorized under six indicators.(11) The indicators 
include interpretation, analysis, evaluation, inference, explanation, and self-regulation. This method gives a 
comprehensive account of the complex process of thinking critically, where logic, evidence judging, and self-
awareness are seen as key main features.

Research indicates that the infusion of technology in vocational high schools setting develops students’ 
learning outcomes noticeably. For example, it can enhance students’ academic performance by making them 
enter more innovative and interactive environments and improving engagement and motivation for students 
studying in vocational high schools.(12) It creates an interactive learning condition, dealing with challenges of 
inadequate resources and passive learning. Additionally, the use of technology in vocational learning plays a 
significant role in the student’s development of technical and social skills.(13) Furthermore, advancement in 
technology ensures that higher order thinking skills, such as critical thinking, are developed in the process of 
learning if the right technological tools are employed.(14) In general, technology in vocational high schools has 
learning benefits and helps prepare the students for the tasks in the contemporary job market through the 
enhancement of skills and proficiency.

Mobile augmented reality (MAR) combines computer-generated virtual elements with the actual world via 
technology, resulting in an immersive and interactive learning environment.(15) MAR is used to apply immersive 
learning for educational purposes in vocational high schools. There is evidence that the utilization of mobile 
augmented reality can increase student motivation and better understanding of the subject matter. The 
studies carried out in vocational high schools are found to be effective with augmented reality. Academic 
research has underlined effectiveness with augmented reality in career education, upgrading the quality of 
practical learning experiences, and enhancing student achievement in vocational high schools.(16) Teachers 
have incorporated augmented reality technology to create realistic learning settings and trigger the interest 
and increased intellectual potential of students.(17) The technology applies interactive and attractive learning 
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activities to connect theoretical knowledge with the reality of life.(18,19) By adopting Augmented Reality (AR) 
in vocational education, self-efficacy among the students and cognitive load can be increased, thus further 
improving the learning process effectiveness of students.(20,21) MAR provides a more profound educational 
experience for students’ skills to be applied in the real world, therefore transforming vocational education. 
AR-based learning increases student engagement because of more interactive activities that allow students to 
learn with instructional resources actively.(22)

MAR provides the opportunity for vocational schools’ students to receive contextualized and direct learning. 
During the course of an automotive engineering class, learners would view a three-dimensional model of an 
automobile engine, guided through the working process, create discussions, and deliver an assignment with 
help from augmented reality’s interactive simulations.(23) The underlined effectiveness of this learning has both 
theoretical and practical significance that just can’t be provided by traditional teaching techniques. One of the 
benefits of augmented reality is that it can visualize complicated topics.(24) In marketing, for instance, students 
can use augmented reality to visualize effective marketing strategies in simulated market environments. This 
enhances the understanding and application of theory among students. MAR could also encourage teacher-
student cooperation in vocational institutions. Through AR applications, vocational school instructors are able 
to give more vivid and efficient lectures while students are allowed to make joint problem-solving efforts.(25)

The nature of the studies in vocational schools generally demands personal and shared practical teamwork 
skills. And according to further studies, AR raises students’ interests in what they are being taught. In one 
vocational school research, the students who were studying the accounting topic through augmented reality 
showed significant levels of motivation, compared to the traditional way of learning. Academic results are, in 
fact, linked with such a level of motivation.(26) There are different advantages that mobile Augmented reality 
(MAR) presents when implemented in the context of vocational high school. One of the primary strengths of 
AR is in increasing the engagement of students in the learning process. The use of AR motivates and engages 
learners during the learning process, delivering engaging and dynamic graphics.(27) This technology enables 
interaction with virtual elements, which smoothens blends into the real world, making learning interesting and 
pleasurable. Besides that, AR enables not only to see theories and abstract topics more clearly but in a more 
concrete way. For example, in mechanical engineering, it is possible to design 3D models of the machinery 
used, and students will be able to manipulate them better for understanding the material.

Better attentiveness is not just the only advantage of MAR for information retention and understanding. 
Since it’s displayed using an interactive visual instrument, students can hold onto learning and also make 
real-life applications of learned concepts.(28) Additionally, MAR encourages social interaction because students 
can work together on AR-related activities; these interactions will allow them to vividly express their gained 
knowledge.(29) AR makes the learning of the students more enhanced, better, and memorable toward better 
practical skills of what they study theoretically.

Learning using MAR makes knowledge interactive and contextual for students. That is, students of vocational 
high schools can use augmented reality to understand natural phenomena that otherwise will be hard or 
impossible for them to experience by themselves, such as structures on the molecular level and biological 
processes.(30) This makes it possible for the learners to obtain a more detailed understanding of content and to 
critically appraise knowledge.

There have been a number of MAR-based learning media applications that could encourage critical thinking 
in various learning settings.(17,25) It has been used with primary school students to improve critical thinking.(18,31) 
Being realized by interactive and contextual learning, respectively, to stimulate the skills of critical thinking 
and solving problems.

Furthermore, its use has been conducted in several fields, such as mathematics and science.(21,32) On the 
other hand, AR combined with the right learning model, such as guided inquiry learning, can help increase 
critical thinking among students by enhancing their ability to engage in higher mental processes and, therefore, 
develop their own critical thinking skills more effectively.(23,33) An argumentation exercise again incorporated 
with AR can help students do critical-thinking tasks like decision-making, clarification, and inference.(24,34)

Research indicates that learning with the help of MAR can boost students’ interest and involvement in the 
learning process, assisting them to develop their critical thinking ability. An increase in motivation was reported 
by those pupils who learned through the augmented reality system, while they felt much more intellectually 
challenged than those who learned via traditional techniques. Such enthusiasm on the part of a pupil enables 
him/her to participate in the learning process quite actively and improve his/her critical thinking skills. MAR 
can also help students enhance their skills to evaluate and synthesize information coming from different 
sources. The students’ diversification of information formats, such as text, graphics, animation, among others 
is brought into touch with MAR-based learning. The inclusion and assessment of information are basic premises 
of critical thinking.(28) Thus, augmented reality can equip students with the set of skills that will allow them to 
easily navigate in a complex, information-rich environment.

In summary, the research detailed above portrays the positive effect of MAR implementation toward students’ 
critical thinking in vocational education. Despite the several studies that have explored this matter, further 
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accounting study is still needed to expand current literature that is still limited. So, there is a need for further 
inquiry regarding these six markers of critical thinking ability to elucidate how augmented reality affects each 
of the dimensions of critical thinking skills.

The purpose of this study is to see how the use of Mobile Augmented Reality (MAR) technology affects 
students’ critical thinking abilities in vocational high schools. Based on Facione’s critical thinking indicators, this 
study will compare the critical thinking abilities of vocational high school students in experimental classes using 
MAR versus control classes that do not utilize MAR media. After evaluating the hypothesis, N-Gain assessments 
were performed to determine the changes between before and after MAR treatment in each indicator of 
critical thinking abilities, including interpretation, analysis, drawing conclusions, evaluation, explanation, and 
self-regulation. Interpretation refers to pupils’ capacity to grasp and categorize information acquired through 
MAR’s 3D visualization. Analysis relates to pupils’ ability to recognise relationships between concepts and ideas, 
which is aided by interactive simulations in MAR.

Furthermore, the ability to form inferences will be assessed using virtual experiments that allow students 
to derive conclusions from data provided in an augmented reality environment. Evaluation, or the capacity 
to assess the credibility of information sources and the validity of arguments, will be examined by presenting 
multiple sources of information in AR for students to analyze and evaluate. For example, interpretation concerns 
the ability to express ideas and arguments clearly, which will be operationalized in terms of the ability to use 
interactive 3D models in augmented reality for teaching technical topics.(35)

Self-regulation, or the monitoring, assessment, and correction of one’s mental processes, will be 
operationalized in AR by providing rapid feedback so that students can recognize and correct errors on their 
own. The research will be conducted by using an experimental design approach, with a control group and 
an experimental group. Therefore, the t test will be employed to analyze significant differences in critical 
thinking skills between these groups. By this method, research is expected to provide thorough knowledge of 
the usefulness of MAR in developing students’ critical thinking abilities in vocational schools.

Research objective is to identify the level of the impact of the adoption of mobile augmented reality (MAR) 
on vocational high school students’ critical thinking skills. This work analyzes students’ critical thinking skills 
based on 6 indicators from Facione(36) namely interpretation, analysis, evaluation, inference, explanation, 
and self-regulation. The six components of critical thinking skills of vocational school students are measured 
following the implementation of a developed Mobile Augmented Reality (MAR) application. Therefore, the 
research questions for this study are:

•	 Is there a significant difference in the Critical Thinking Skills of students who learn using MAR 
(experimental group) compared to those who do not use MAR (control group)?

•	 How do the six indicators of critical thinking skills differ between the experimental group and the 
control group?

This study offers multifaceted contributions. Firstly, this research has developed and integrated advanced 
technology, a Mobile Augmented Reality (MAR) learning platform for vocational high school students, particularly 
those majoring in accounting. Secondly, this study analyzes the often-overlooked skill, critical thinking, in 
vocational high school settings in Indonesia, as the focus tends to be predominantly on practical skills. Thirdly, 
in researching critical thinking skills, we not only examine students who used the MAR platform but also 
conduct a comparative analysis with students who applied the conventional learning methods. The result of 
this study is beneficial for educators and policymakers in vocational education settings. As it aims to prepare 
students for specific careers, vocational high school settings must be able to adeptly integrate technology into 
their learning to equip students with skills pertinent in the current era.

METHOD

Research Design
This research utilizes a quantitative analysis method, specifically quasi-experiment with a pre-experiment 

method with a one-group pretest-posttest design as shown in table 1. This study consisted of two groups 
of participants:  the control group and the experimental groups. The experimental group was taught MAR-
based accounting subjects for 4 weeks, while the control group was taught using the traditional teaching 
approach. Pretest and posttest will be administered for both groups. A pretest was used to compare the critical 
thinking skills of the control and experimental groups before the teaching intervention. After the intervention, 
a post-test was conducted on both groups to identify the impact of using MAR teaching on the development of 
students’ critical thinking skills. 

Table 1. One Group Pretest Posttest Design
Pretest Treatment Postest
O1 X O2
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Information:
O1: initial test (pretest), before administering treatment
X: treatment using MAR
O2: final test (posttest) after administering treatment

Research Population
The research population for this study comprised vocational high school students enrolled in accounting 

majors at State Vocational School 1 Surakarta, Central Java. In this research study, 4 classes of first-year 
vocational high students were selected. With each class consisting of 30 students, a total of 120 students 
participated voluntarily. These classes were divided equally into two groups, using random sampling. Two classes 
were assigned as the experimental group and taught using MAR. The remaining two classes were assigned as the 
control group and taught using the traditional teaching approach. A pre-test with and post-test was conducted 
to compare the existing knowledge level of both the groups prior to the intervention.

Instrument
The data collection technique employed in this research is a test, which is an essay-type question with 15 

questions that can measure students’ critical thinking skills in the cognitive domain. This study’s starting point 
is 6 indicators of critical thinking according to Facione’s.(37) Based on the academic’s work, Facione’s listed 6 
indicators, including: 1) interpretation 2) analysis, 3) making conclusions, 4) making evaluations, 5) explaining, 
6) self-regulation. Critical thinking skills indicators in the cognitive domain using interval scale This approach 
allows us to compare the level of improvement between the experimental and control groups. The t-test is 
employed to determine the significance of the difference between two paired averages.(38) In this study, the 
Independent Sample T Test analysis in the SPSS version 18 was utilized to support the hypothesis testing. 

The variables in this study include the six critical thinking indicators adapted from Facione’s critical thinking 
framework serve as the dependent variables. Meanwhile, the N-Gain is not a variable, but a method of analysis 
used to measure the extent of improvement in critical thinking skills following the intervention. The N-gain 
test is used to quantify the extent of enhancement in critical thinking skills before and after treatment. The 
improvement in critical thinking skills is analyzed using the N-gain test equation by using the following formula:

Where:
Post-Test: score after MAR intervention
Pre-Test: score before MAR intervention
Max Score: maximum test score
The results of the analysis are then adjusted to the criteria for students’ critical thinking skills in accordance 

with table 2 below.

Table 2. N-gain values and category
N-gain (g) Category
0,71≤ g≤ 1 High
0,31≤ g≤ 0,7 Medium
0 ≤ g≤ 0,3 Low

Validity and Reliability Test
The prerequisite tests for analysis in this research consist of the normality and homogeneity tests of 

the data. Both data normality and data homogeneity tests are essential procedures in statistics that allow 
researchers to validate fundamental assumptions before applying certain statistical analysis. The Shapiro-Wilk 
test is employed as the normality test, which is designed to measure whether the data sample is derived from 
a normal population distribution or not. If the data are not normally distributed, then parametric statistical 
analysis is not suitable and non-parametric alternatives should be examined. On the other hand, a homogeneity 
test is employed to determine whether the variability between groups of data is equal or not. This also refers 
to whether the variance between data groups is homogeneous or not. Above all, the Shapiro-Wilk test in this 
study aids in determining if the fundamental assumptions of a particular statistical method are met. Also, it 
ensures a more accurate and valid interpretation of analysis results. Therefore, the normally distributed data 
in this study have to meet the criteria in the hypothesis being tested, which are as follows:
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Table 3. Data Normality Test Criteria
Test Data Significant Value (p) Criteria
Normality p < 0,05 Not Normally distributed

p > 0,05 Normally distributed
Homogeneity p < 0,05 Variances are not equal (Not homogeneous)

p > 0,05 Variances are equal (homogeneous)

RESULTS
The research findings, based on 120 students who enrolled in accounting lessons and participated in the 

research, illustrate a notable increase in the students’ critical thinking skills. The findings indicate the increasing 
indicators of students’ critical thinking skills by Facione’s, before and after learning using MAR. Information 
about a students’ starting point in terms of critical thinking skills is obtained from their test scores. Before 
hypothesis testing analysis is conducted, the data obtained have to meet the prerequisite tests for parametric 
testing including normality and homogeneity. The following presents a discussion of each prerequisite test 
result and research hypothesis examined.

Parametric Prerequisite Test Results
The results of this study refer to findings that have fulfilled all the prerequisites and criteria previously 

established for analysis. The prerequisite tests used ensure the reliability and validity of the data while 
addressing the significant variables that impact the outcomes. Prerequisite tests in this research include data 
normality and homogeneity tests. If the analysis prerequisite tests are fulfilled, then the data have to meet the 
normal and homogeneous categories. Table 4 below presents the results of the analysis prerequisite tests for 
the experimental and control classes from this study.

Table 4. Data Normality Test dan Homogeneity Test
Class Sig. Value Normality Description Sig. value Homogenity Description
Eksperimental 0,356 Normally Distributed 0,625 Homogeneously Distributed
Control 0,274 0,674

The table 4 indicates that the normality test result for the experimental class is 0,356, while for the control 
class it is 0,274. Based on the normality test data in the experimental and control classes, it is evident that the 
results of the normality test in these classes have a significant value higher than the minimum required (p>0,05). 
Therefore, it can be concluded that the result data in both the experimental and control classes derived from a 
normally distributed data population. Moreover, in order to assess the data homogeneity, the same criteria are 
used as those employed for the normality test. If the significance value is higher than 0,05 (p>0,05), then the 
data obtained fulfills the homogeneous criteria. Based on table 3, the significance values in the experimental 
and control classes are 0,625 and 0,674, respectively. Since these scores are higher than 0,05 (p>0,05), the data 
obtained from the pretest and posttest results in both classes are homogeneously distributed.

Hypothesis testing
Hypothesis testing is a statistical technique used to verify claims or assumptions made regarding the 

characteristics of a population by using sample data. In this study, the following hypotheses are tested; H₀: 
there is no significant difference in critical thinking skills between students who learn using MAR and those 
who learn using traditional methods; H1: there is a significant difference in critical thinking skills between 
students who learn using MAR and those who learn using traditional methods. The results of hypothesis testing 
are examined as follows: 

Table 5. Hypothesis Test Results
Classes Hypothesis Test (T)

Sig. (2 tailed) Description
Eksperimental 0,00 H1 is Accepted

The table 5 presents the results of the hypothesis test for the experimental class. Based on the hypothesis 
test (T-Test) with a Sig. (2-tailed) value of 0,00, it can be concluded that the alternative hypothesis (H1) is 
accepted. This indicates that there is a significant difference between the experimental group, which utilized 
Mobile Augmented Reality (MAR)-based learning, and the control group that employed traditional teaching 
methods. A significance value less than 0,05 (in this case, 0,00) supports the acceptance of the alternative 
hypothesis, meaning that the use of MAR has a significant impact on improving students’ critical thinking skills.

The discussion of the critical thinking skills in this study is conducted based on Facione’s 6 indicators of 
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critical thinking. These indicators include: 
1) interpretation 
2) analysis 
3) making conclusions 
4) making evaluations 
5) explaining
6) self-regulation 
The research results show the percentage of each indicator in the pretest, as presented in the following 

figure:

Figure 1. Bar Diagram of Percentage of Critical Thinking Skills Indicators in the Pretest

According to figure 1, the pretest results indicate that the highest indicator percentages are interpretation, 
explaining, and conclusion with 75 % and 70 % respectively. These indicators are followed by conclusion and 
evaluations indicators that have the same percentage at 65 %. Then, the lowest indicators are analysis and self-
regulation indicators which have 60 % and 50 % respectively.

Figure 2. Bar diagram of posttest critical thinking skills indicators

Furthermore, figure 2 illustrates the percentage of achievement for each critical thinking skills indicator 
(post-test). These include the interpretation indicator at 80 %, the analysis indicator at 85 %, the conclusion 
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making indicator at 86 %, the evaluation indicator at 87 %, the explanation indicator at 90 %, and the self-
regulation indicator at 90 %.

The critical thinking skills data from both pretest and posttest shown at figure 3 are collected by using an 
essay-type question. These questions were administered on participants which were followed by data analysis. 
The pretest was given first to the participants before the learning process began. This test has the purpose 
of assessing the level of students’ critical thinking skills in answering critical thinking questions related to 
teaching material. Once the pretest has been administered, the participants in the experimental class are 
given a treatment using MAR. When the treatment has been completed, students are then given posttest that 
are identical to the pretest question. The table 6 below presents the pretest and posttest results, including the 
lowest score (X-min), the highest score (X-max), the average score (X-average) and the standard deviation (s).

Table 6. Pretest and Posttest Score Description

Description Pretest Posttest

Lowest Score 50 60

Highest Score 70 90

Average Score 64 86

Standard Deviation 1,999 1,476

The number of Student 120 120

Meanwhile, the difference in pretest and posttest scores, which reflect the students’ critical thinking skills, 
is visually represented in the following figure.

Figure 3. Line Graph of Pretest and Posttest Critical Thinking Skills Scores

The results of the N-Gain analysis reveal a notable enhancement in students’ critical thinking abilities. 
As depicted in figure 3, the minimum pre-test score was 50, which rose to 70 in the post-test. Similarly, the 
maximum score increased from 70 to 90, while the average score improved from 64 to 86. These findings clearly 
indicate that students’ critical thinking skills improved following the integration of MAR. The observed increase 
in scores strongly suggests that the application of MAR positively influenced the students’ learning outcomes.  

Table 7. N-gain Test Results

N Posttest Average Pretest Average N-gain Category

120 86 64 0.753 High

According to table 7, the participants’ N-gain score category is 0,753 which lies within the High group. 
Therefore, the implementation of MAR has the capacity to enhance the critical thinking skills of highly proficient 
students. The analysis results and impact of MAR-assisted learning on enhancing each indicator of critical 
thinking skills based on the N-gain score criteria are detailed in table 8.
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Table 8. N-Gain Results for Each Indicator of Critical Thinking Skills for the Experimental Class and the Control Class

Experimental Class Control Class

No Critical Thinking Indicators Score Category Critical Thinking Indicators Score Category

1 Interpretation 0,78 High Interpretation 0,60 Medium

2 Analysis 0,65 Medium Analysis 0,55 Medium

3 Conclusions 0,80 High Conclusions 0,70 High

4 Evaluations 0,83 High Evaluations 0,73 High

5 Explaining 0,80 High Explaining 0,65 Medium

6 Self-Regulations 0,73 High Self-Regulations 0,60 Medium

  Average 0,76 High Averages 0,63 Medium

According to table 8, the N-Gain test results indicate that the average student’s critical thinking skills have 
increased in each indicator. The N-Gain test results in the experimental class were higher than the control 
class. The experimental class achieved a score of 0,76 (High), whereas the control class only achieved a score 
of 0,63 (Medium). The difference in treatment between the two classes is the underlying cause for the variation 
in results shown in the N-Gain test. While the experimental class employs the use of MAR in its learning, the 
control class solely focused on conventional learning methods.

The independent sample t-test results reveal a notable difference in critical thinking skills between students 
in the experimental group, who utilized MAR, and those in the control group. With a significance level (2-tailed) 
of 0,00, which is below the threshold of 0,05, the alternative hypothesis (H₁) is supported. This suggests that 
the application of MAR has a statistically significant and positive influence on students’ critical thinking abilities 
when compared to conventional teaching methods. Thus, this finding addresses the first research question by 
confirming the substantial improvement observed in the experimental group.

The N-gain analysis indicates greater improvement across all six critical thinking indicators in the experimental 
group compared to the control group. For instance, the conclusion indicator in the experimental group achieved 
a high improvement category (N-gain = 0,80), whereas the control group attained a medium improvement 
category (N-gain = 0,70). Similarly, the self-regulation indicator in the experimental group recorded an N-gain 
of 0,73 (high), while the control group displayed an N-gain of 0,60 (medium). These findings address the second 
research question, highlighting that the experimental group experienced more significant gains in all six critical 
thinking indicators, particularly in conclusion, evaluation, and explanation.

In conclusion, the results demonstrate that employing MAR notably enhances students’ critical thinking 
abilities across all six indicators, with the most significant improvements seen in conclusion, evaluation, and 
explanation skills. These findings effectively address both research questions and further validate the positive 
impact of MAR in fostering critical thinking among vocational high school students.

DISCUSSION 
The impact on every indicator of critical thinking skill can be deeply examined in order to discuss 

these results more comprehensively. This study identifies six indicators of critical thinking skills based on 
Facione’s academic works.(36) The first is Interpretation. Accounting lessons that are using AR helps students in 
understanding information through interactive visualization. For this reason, AR enables students to interpret 
financial transactions and reports by giving a simpler approach and thus enhancing students’ comprehension 
and evaluation of financial scenarios. This statement is in line with research the learners find it easier to 
remember or learn complex visualized-based materials given with MAR.(39)

The next indicator is analyzing, which pertains to analyzing. Students can virtually simulate many accounting 
scenarios by using AR. It also offers them a chance to explore in a visually immersive and contextual manner how 
different financial moves may influence their lives. This captivity is useful in building up analytical abilities that 
might be of use when assessing financial options and alternatives of varying kinds. Combined with appropriate 
teaching strategies, AR could enhance such cognitive processes as decision making, clarification and inferences-
making among others related to critical thinking skills.(40,41) Then, the third indicator is drawing conclusions. In 
the context of evaluating the use of AR, students find it easier to make conclusions from data that are presented 
visually and interactively. Also, making decisions based on simulations and real-time data can improve students’ 
critical skill in accounting to draw appropriate and quick conclusions. In line with studies, AR is indeed effective 
in improving student performance by providing hands-on learning experiences.(42)

After that, the next indicator is Evaluates. Evaluating the accuracy and efficacy of various accounting 
strategies and procedures become easier by analyzing the application of AR. Students can observe the 
consequences of various financial actions and learn to assess options using more accurate criteria. This supports 
studies that AR reduces cognitive strain and bridges the gap between theoretical and practical knowledge.
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(43,44) The fifth critical thinking indicator is explaining. AR can assist students in both understanding accounting 
concepts and clearly expressing these ideas to others. The ability to communicate complex concepts in a way 
that is easy to understand is a crucial component of critical thinking. The last indicator of critical thinking skills 
is Self-Regulation. With AR, students may adjust their learning process independently and receive immediate 
feedback.(45) Students can determine their own pace and learning path as well as acknowledge and correct their 
mistakes in real time.(46) This aids development of students’ self-regulation.

Nowadays, there is an immersive growth in Augmented Reality (AR) technology in educational settings, 
particularly in accounting lessons. This rapid growth cannot be separated from what AR has to offer, which is 
providing the visual and sensory experience. The students can easily understand the complex material with an 
interactive approach. AR in education provides rich visual stimuli, which helps students understand abstract 
concepts more easily.(47,48) This is particularly relevant in accounting lessons, where concepts such as financial 
records, data analysis, and report interpretation can become more intuitive with AR visualization. 

The reason for this is that student motivation and engagement are influenced by AR stories, which directly 
relate to improving critical thinking skills.(49) Among the critical thinking abilities are analysis, evaluation, and 
decision-making – all of which are vital for accounting. A study about an accounting lesson using AR for teaching 
basic financial reporting.(22) Improvement in conceptual understanding and practical application of knowledge 
was great among those students who used AR while it was not so with traditional methods as indicated by 
results. Similarly looked into whether AR can improve critical thinking skills or not.(50) They discovered that 
those learners who learned with augmented reality techniques had superior capabilities to appraise diverse 
fiscal circumstances based on the visual data given to them. The literature thus shows that AR technology 
enhances visual learning experiences as well as strengthening students’ critical thinking in accounting lessons. 
Henceforth, educational institutions should use AR technology within their accounting curriculum as it will 
facilitate improved academic achievements thereby equipping the learner with crucial skill sets that are 
fundamental in their careers.(51)

In an educational context, the N-Gain test in an educational setting helps measure the impact of learning 
interventions by comparing pretest and posttest scores. An increase in the N-Gain value indicates that the 
intervention had been successful and there was a great improvement in understanding. The findings from this 
study on N-Gains showed a 0,76 for experimental class and 0,63 for control class. These numbers suggested that 
experimental group had more positive result due to the intervention educational research. From these results, 
the experimental group achieved an N-Gain of 0,76 which falls under ‘High’ category while the control group 
had an N-Gain of 0,63 falling under ‘Medium’ category. This suggests that, in comparison to the control class, 
students in the experimental class experienced a more substantial increase in understanding.

Also, the learning methods or technology applied in experimental classes support students to understand 
the learning materials deeply and enhance their critical thinking skills. The use of such innovative learning 
methods evidently increased the N-Gain score. This is in line, who studied how interactive learning methods 
can generate a higher N-Gain score in comparison with traditional lecture methods.(52)

The learning methods employed in experimental classes may include components that stimulate deeper 
cognitive engagement. Examples of pedagogical strategies are the flipped classroom, game-based learning, or 
collaborative learning. These strategies may not inescapably calculate on slice- edge technology, yet they’ve 
a profound impact on pupil engagement. In addition, the N- Gain can be told by other factors, including the 
quality of relations between preceptors and scholars, scholars’ literacy styles, and the social environment of 
literacy. constantly, the classroom dynamics that grease discussion and reflection can promote critical thinking 
and enhance appreciation.(53)

This discussion highlights the significance of employing a comprehensive approach to tutoring. It isn’t only 
limited to the use of technology. But it also involves a broader and deeper understanding of the dynamics of 
literacy and social commerce. By examining the increase in N- Gain in the experimental class, it becomes 
apparent that multitudinous aspects can contribute to enhanced pupil understanding. All of these factors are 
good of being integrated into educational practice.

CONCLUSIONS 
The use of mobile augmented reality (MAR) shows the positive impact in perfecting the critical thinking 

chops of vocational high school students. When compared with the control group, the experimental group 
showed more significant improvements in all indicators: interpretation, analysis, evaluation, drawing 
conclusions, explanation, and self-regulation. Based on these results, it means that MAR has proven to be 
effective in improving critical thinking skills in vocational education settings. Students can understand complex 
material through the visualization provided by MAR. The students’ learning experience is also interesting and 
enjoyable. Through MAR, learning becomes more interactive, immersive, and more focused on practical hands-
on experiences. Overall, the transformational potential of MAR in improving vocational high school students’ 
educational experiences and cognitive skills become this research highlights. 
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