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Abstract

In today’s digital age, education is inseparable from technology. This study explored Indian school
teachers’ perceptions, attitudes, and behaviours toward the use of Augmented Reality Applications
(ARA) and examined the interrelationships among these variables and factors. Employing a
descriptive mixed-method approach, data were randomly collected from 730 teachers across all 28
states and 8 union territories of India using standardized, self-developed questionnaires.
Quantitative analysis included percentages, chi-square, t-tests, ANOVA, multiple correlations, and
coding techniques. The findings indicated teachers low to moderate levels of perception, attitude,
and behaviour towards ARA, with females scoring notably higher than males. Significant differences
emerged by school category, stream, qualification, and designation, excluding attitudes. Conversely,
age, location, and experience showed minimal or no significant impact. Notably, strong positive
correlations were found among the three variables, perception and attitude (r=0.34, p<.001),
perception and behaviour (r=0.21, p<.001), and attitude and behaviour (r = 0.63, p < .001). Significant
differences were evident across these domains (1=44.6612, 34.6312, and 5.2867; p<.0001), and an overall
significant [F(2, 2187, 2189)=871.60, p< 0.05, 0.01] underscored meaningful variation in ARA
engagement. Qualitative insights highlight major barriers such as lack of awareness, low motivation,
inadequate infrastructure, and insufficient training. Nevertheless, teachers demonstrate resilience
through adaptive strategies. Successful integration of AR in schools requires administrative support,
funding, professional development, collaboration, and the creation of culturally relevant, discipline-
specific content.

Keywords: attitudes; augmented reality; behaviours; Indian educators; perceptions

1. Introduction

Technology has become our constant companion, like a shadow that never leaves us. It's
becoming almost impossible to separate it from our lives. Just as we can’t imagine doing anything
without it, we can’t even think beyond it anymore. In fact, there’s hardly any aspect of our day-to-
day life where we can move forward without relying on technology. In the field of education,
technology truly serves as a powerful catalyst for enhancing it in a variety of ways, providing unique
opportunities for individuals to learn and collaborate. It is essential for teachers to harness their
technological capabilities to improve classroom teaching and learning processes (Alam & Mohanty,
2023). In today’s world, smartphones, mobile gadgets, and other digital devices have become
increasingly popular among students. The integration of these technologies into education can be
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traced back to the late 1950s. One of the earliest examples is the Sensorama (2024), a Simulator,
developed by Morton Heiling in 1957. In 1966, Ivan Sutherland created the first augmented reality
(AR) headset, known as the “Sword of Damocles,” which was designed to assist helicopter pilots
with night landings by allowing cameras to track head movements. Later, in 1999, Hirokazu Kato of
the Nara Institute of Science and Technology developed ARToolKit, the first cross-platform open-
source library for augmented reality (Arena et al., 2022). As the use of electronic devices continues to
grow among students and educators, it becomes increasingly important for teachers to be innovative
in their teaching methods. By integrating technology into their teaching strategies, educators can
create a more engaging and enjoyable learning experience for their students (Panakaje et al., 2024).
Incorporating technology into education is not a novel concept, especially within the context of 21st-
century teaching and learning. Augmented Reality (AR) is one such technological innovation that is
currently being used to enhance the learning and teaching process, thereby strengthening concept
formation and understanding. AR enriches real-world settings by overlaying virtual objects or
information such as audio, video, graphics, or simulations created by computer-based technologies
(Dunleavy et al., 2009). Essentially, AR enhances perceptions of reality by integrating two- and three-
dimensional digital content into real-world environments (Cepeda-Galvis et al., 2017; Cheng & Tsai,
2014). AR can engage multiple sensory modalities, including visual, auditory, haptic, somatosensory,
and olfactory experiences This multi-sensory approach effectively complements traditional teaching
methods, fostering critical thinking and enhancing student engagement and perception (Cipresso et
al.,, 2011; Syahputri, 2019). According to Paladini (2018), and Singh (2025) currently, there are three
main types of AR used in education: Marker-based AR, which requires target images or markers to
annotate objects in a given space, using phone camera feeds to place 3D digital content within the
user’s visual field; Marker-less AR, which does not require object tracking systems but instead uses
advancements in cameras, algorithms, sensors, and processors to detect and map the real world; and
Location-based AR, which merges virtual 3D objects into the user’s physical location, overlaying
information based on geographical data. These AR technologies are increasingly employed in
educational and training settings to facilitate interaction with both virtual and real-time applications.
They offer dynamic representations of complex concepts across various disciplines, such as arts,
science, social science, and mathematics, thereby enhancing students” understanding. However, the
application of AR extends across multiple subjects, including English language education, foreign
languages, science, social studies, history, mathematics, special education, and vocational training.
AR is also utilized in higher education research, creating realistic simulations that allow students to
practice skills and concepts in safe, controlled environments (Egunjobi & Adeyeye, 2024). Recent
technological advancements have significantly altered the educational landscape, integrating
innovative tools like AR into traditional learning environments. AR blends virtual elements with real-
world settings, primarily through mobile devices, tablets, and other appropriate tools, offering
immersive educational opportunities that encourage interaction with virtual counterparts of physical
environments (Pasalidou et al., 2023). These advancements play a significant role in increasing
students’ motivation and engagement (Khan et al., 2019; Zuo et al., 2025). AR, which not only
incorporates digital information into live footage of a user’s real-life environment, it provides several
potential benefits as well, such as enhancing understanding of our surroundings, building contextual
awareness, and scaffolding learners’ live experiences (Wu et al., 2013). The benefits of AR in
education are numerous, including improved access to learning materials, the availability of virtual
equipment, higher student engagement, faster and more authentic learning experiences, safer
practice environments, increased motivation and attention in classes, the development of
imagination, creativity, and abstract thinking, and the ability to teach complex concepts that are
challenging to present in a traditional classroom setting. Despite these potential benefits, the
successful integration of AR into schools depends largely on the actions and behaviors of teachers.
Educators play a crucial role in applying new technologies in classrooms, which directly influences
students’ engagement and learning outcomes. Therefore, understanding teachers’ attitudes,
perceptions, and behaviors toward AR applications in educational practices is essential. A positive
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attitude, perception, and behavior towards AR are influenced by factors such as perceived enjoyment,
perceived ease of use, and the relative merit of AR over traditional teaching methods. Teachers with
a positive attitude toward AR are more likely to experiment with and integrate it into their
pedagogical practices. Research has shown that AR technology can enhance teaching and learning
outcomes in areas such as achievement, attitude, confidence, motivation, interest, engagement, and
overall student satisfaction (Akcayir & Akcayir, 2017; Weng et al., 2020). The relationship among
perception, attitude, and behavior is cyclical: perception influences attitude, which in turn impacts
behavior. For example, if teachers perceive AR as user-friendly and pedagogically valuable, they are
likely to develop a positive attitude, leading to increased use of AR in their teaching. This behavior
can reinforce positive perceptions and attitudes, creating a feedback loop that promotes the
continued use of AR in education. In this context, research revealed that teachers can be compared to
expedition leaders, guiding students on a journey of discovery that expands their understanding of
the world and prepares them to become knowledgeable, curious, and empathetic global citizens
(AlGerafi et al., 2023; Zuo et al., 2024). AR facilitates discovery and self-exploratory learning, making
the educational experience both engaging and enjoyable.

1.1. Review of Literature

Research on teachers' perceptions of Mobile Augmented Reality (MAR) consistently highlights
generally positive attitudes and a readiness to integrate this technology into educational practices.
Studies indicate that educational mobile AR apps can significantly enhance teaching performance,
effectiveness, and productivity (Pasalidou & Fachantidis, 2021). Teachers, particularly those in
biology and language education, view MAR as a tool that makes their teaching more engaging and
interesting (Ashley-Welbeck & Vlachopoulos, 2020; Schmidthaler et al., 2023). This positive
perception extends to various applications, including interactive, experiential, and authentic
learning, as well as the visualization of complex concepts (Perifanou et al., 2023). However,
challenges such as technological errors, Global Positioning System (GPS) issues, software lags, and
students’ unfamiliarity with AR can hinder its effective use (Mundy et al., 2019; Youm et al., 2024).
Despite these challenges, teachers generally feel knowledgeable about AR technology and are willing
to learn more to better integrate it into their classrooms (Dsouza & Hemmige, 2023; Mohamad &
Husnin, 2023). Factors such as perceived usefulness, attitude, and behavioral intention significantly
influence AR adoption, while perceived ease of use plays a moderate role (Ibili et al., 2019; Salmee &
Majid, 2022). Notably, gender and geographical disparities exist, with female and urban teachers
displaying more positive attitudes towards AR compared to their male and rural counterparts
(Castano-Calle et al., 2022; Putiorn et al., 2018). Teachers also express concerns about institutional
support, teacher training, and the availability of AR educational applications, yet remain hopeful
about the technology's potential to bridge gaps between learners and educators, and enhance student
motivation (Manna, 2023). Overall, teachers are enthusiastic about AR's potential, particularly with
adequate training and resources, and are eager to implement it in their curricula (Alkhabra et al.,
2023; Jamrus & Razali, 2021). The assessment of teachers' attitudes towards MAR applications at the
school level reveals diverse findings across various studies. A strong positive correlation between
ease of use and positive attitudes towards AR in teaching at different educational stages was
observed (Asiri & El-aasar, 2022; Cabero-Almenara et al., 2019b) although no such correlation was
found between attitudes towards AR and science and technology (Kececi et al., 2021). Meanwhile,
Wyss and Béuerlein (2024) demonstrated about teachers’ high motivation and their strong link
between positive attitudes towards AR and technology acceptance. Future teachers, particularly
those in pre-service education, developed favorable attitudes towards AR, contributing to deeper
learning (Hervas-Gomez et al., 2017; Meccawy, 2023). In higher education, faculty members generally
displayed positive attitudes towards AR, influenced by factors like crisis response (Alqahtani, 2023;
Kamarudin et al., 2023). The impact of teaching experience on AR attitudes varied, with some studies
showing positive effects (Amores-Valencia et al.,, 2023; Banerjee & Walunj, 2019; Koutromanos &
Jimoyiannis, 2022; Liu et al., 2023; Rahmat et al., 2023; Romano et al., 2020), while others found no
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significant impact (Al-Shahrani & Asiri, 2023b; Mundy et al.,, 2019). Both teachers and students
exhibited high positive attitudes towards using AR in biology lessons, leading to enhanced attitudes
towards science (Berame et al., 2022; Lham et al., 2020). However, despite moderate readiness,
teachers with limited IT experience showed low attitudes towards AR in teaching Arabic (Asbulah
et al., 2022). Positive correlations between attitudes and acceptance were also noted in chemistry
teaching (Ripsam & Nerdel, 2024), though the influence of interface style and ease of use on
enjoyment was weak (Wojciechowski & Cellary, 2013). Student attitudes towards AR were generally
positive, particularly in science and technology subjects (Al-Anazi & Khalaf, 2023; Alqarni, 2021;
Kamarainen et al., 2013; Sahin & Yilmaz, 2020; Sirakaya & Cakmak, 2018; Stojsic et al., 2022), although
some studies reported negative attitudes at the university level and no significant impact on
laboratory skills (Akgayir et al., 2016; Cao & Yu, 2023). Overall, AR applications were found to
improve students' academic achievement, motivation, spatial thinking, creativity, and attitudes
towards science lessons (Cetin, 2022; Ibafiez et al., 2020; Sokmen et al., 2024). Correspondingly, the
exploration of teachers' behavior towards MAR applications at the school level reveals a wide range
of insights across several studies. Research has consistently shown that MAR significantly impacts
knowledge acquisition and behavioral changes among teachers (Chang et al., 2014; Do et al., 2020;
Lin et al., 2013). Several studies have also highlighted that factors such as attitude, subjective norms,
and behavioral control play a critical role in influencing the use of MAR in both research and higher
secondary education (Buchner et al.,, 2022; Cheon et al., 2012; Marin-Marin et al., 2023; Vaida &
Pongracz, 2022). Abdelmagid et al. (2021) found that both teachers and students acknowledged the
purposefulness and potential of AR in education. Additionally, Georgiou and Kyza (2017)
demonstrated that AR not only enhances cognitive processes such as information collection it also
work on problem-solving. However, Wijnen et al. (2023) pointed out challenges in identifying the
specific effects of MAR on teachers' higher-order thought processes. Ozdamli and Hursen (2017)
noted that while AR applications might encounter barriers due to international connections, both
teachers and students were generally satisfied with AR-guided teaching. Further research has
established that AR applications can significantly improve the learning of challenging topics, foster
exploitative behavior, and enhance perceived utility and positive attitudes, providing valuable
insights for policymakers (Alalwan et al., 2020; Alzahrani, 2020; Mena et al., 2023).

The study of the relationship among perceptions, attitudes, and behaviors towards MAR
applications offers varied insights from numerous studies. Prospective teachers generally had
positive perceptions of AR technology, with their acceptance of this technology significantly
increasing after hands-on experience (Jiang et al., 2025; Jung & tom-Dieck, 2018; Karthick &
Shanmugam, 2024; Okumus & Savas, 2024). However, no significant difference or correlation was
found in their self-efficacy, attitudes, or performance when using AR technology (Elford et al., 2022).
Other studies (Cai et al., 2013; Giard & Guitton, 2016; Milad & Fayez, 2025) highlighted differing
attitudes, behaviors, and perceptions among students and teachers regarding mobile device usage,
with AR tools serving as complementary learning aids, proving effective across a range of student
performance levels. The comparison between male and female school teachers' perceptions, attitudes,
and behaviors towards MAR applications shows largely positive attitudes across both groups.
Studies (Kudale & Buktar, 2022; Tiede et al., 2022) indicate that most teachers are favorable towards
using AR in the teaching-learning process, with only a few expressing negative views. Nikou (2024)
found that teachers' perceptions of educational AR apps were strongly linked to their views on the
apps' usefulness, with perceived usefulness and ease of use being key factors influencing the
intention to adopt MAR (Papakostas et al., 2022). Ghobadi et al. (2023) reported no significant
differences between male and female teachers, as both groups exhibited positive attitudes and
behaviors toward AR. Kazakou and Koutromanos (2022), and McNair and Green (2016) highlighted
that teachers had positive perceptions of AR, especially in online and distance learning settings. In
science education, smartphone applications and marker-based content were the most popular AR
tools among both genders (Arici et al., 2021; Atalay, 2022). However, Dirin et al. (2019) observed that
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female teachers had a more favorable perception of AR, noting its role in enhancing enjoyment and
memorability in the classroom.

1.2. Rationale of the Study

The integration of Augmented Reality (AR) technology into educational practices offers
transformative potential in enhancing the teaching-learning process. In the context of Indian
education, where traditional methods still dominate, the adoption of innovative technologies like
Mobile Augmented Reality (MAR) presents both opportunities and challenges (Kumari & Polke,
2019; Mirza et al.,, 2025; Thangavel et al., 2025). In the present study it is motivated by the need to
understand how Indian school teachers perceive, approach, and behave towards AR applications
within the classroom setting. Previous studies have highlighted the generally positive attitudes of
teachers worldwide towards Augmented Reality Application (ARA), recognizing its ability to make
learning more engaging, interactive, and effective. However, it has also uncovered challenges such
as technological limitations, lack of familiarity, level of interest, and the need for institutional support,
which can hinder the full adoption of AR. In India, where there is a diverse educational landscape
with significant variations in resources, teacher training, and technological access, understanding
these dynamics becomes crucial (Shivani & Chander, 2023). Thus, the rationale for this study lies in
the need to fill the existing gap in the literature regarding the perceptions, attitudes, and behaviors
of Indian educators towards AR technology, specifically at the school level. As India continues to
push for digital transformation in education, it is essential to assess whether teachers, the key
facilitators of learning, are ready to embrace this change. Consequently, this study seeks to explore
how Indian teachers perceive the usefulness, ease of use, and overall impact of AR applications on
their teaching practices and students' learning experiences. By examining attitudes, the study search
for to determine the level of enthusiasm or resistance among teachers towards incorporating AR in
their curricula (Palada et al., 2024). Understanding teachers' behaviors towards AR whether they are
actively using it, reluctant to adopt it, or somewhere in between will provide insights into the
practical challenges they face and the support they require. Similarly, a critical aspect of this research
is the comparison between male and female teachers' perceptions, attitudes, and behaviors towards
AR applications. Gender disparities in the adoption of educational technologies have been noted in
various studies, and this research is contributed to understanding whether such differences exist in
the Indian context and what factors might influence them. Additionally, the study is explored the
relationship among teachers' perceptions, attitudes, and behaviors towards AR, offering a
comprehensive view of how these elements interact and shape teachers' willingness to integrate AR
into their teaching. By investigating these factors, the study aims to identify the key enablers and
barriers to AR adoption in Indian schools. Finally, the research will examine the broader factors
influencing teachers' perceptions, attitudes, and behaviors, including technological readiness,
professional development opportunities, and institutional support. The findings from this study
would not only provide valuable insights into the current state of AR adoption in Indian schools but
also offer recommendations for policymakers, educational leaders, and technology developers on
how to better support teachers in embracing AR. This research is timely and significant as it addresses
the need for evidence-based strategies to enhance the integration of innovative technologies in Indian
education, ultimately contributing to improved educational outcomes and a more future-ready
learning environment.

1.3. Statement of the Study

The study titled "Exploring Indian Educators' Perception, Attitude and Behaviour Regarding
Augmented Reality Applications in School Settings: A Comprehensive Mixed-Methods Study" aims
to investigate the research problem. The goal of this research is to comprehend Indian educators'
attitudes, behaviors, and thoughts on the use of augmented reality (AR) in the classroom. Utilizing
gadgets like smartphones or AR glasses, augmented reality technology incorporates digital
components, such as sounds or images, into the physical world. The study examines the key issues,
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such as instructors' opinions of augmented reality. Do they think it's helpful or not? What do they
think of implementing augmented reality in the classroom? Are they apprehensive, intrigued, or
perhaps thrilled? In what ways do they employ augmented reality in their teaching? Are they using
it frequently, infrequently, or never? The study also looks at whether male and female instructors
have different ideas, emotions, and behaviors in this regard, as well as what aspects of the school
may have an impact on how they use AR. A variety of techniques are used in the research to obtain
a complete picture of the circumstances.

1.4. Objectives

To study the Indian teachers' perception on augmented reality applications at school level.
To assess the Indian teachers' attitudes on augmented reality applications at school level.
To investigate the Indian teachers' overall behavior on augmented reality applications at school
level.

4. To explore the relationship among perceptions, attitudes and behaviors of Indian school teachers
towards augmented reality applications.

5. To examine the factors of having perceptions, attitudes and behaviour of Indian school teachers

towards augmented reality applications at school level.
1.5. Hypotheses

Hi: There would have a significant level of perception among the teachers on augmented reality

applications at school level.

Ho2: Significant level of attitudes would be explored among the teachers on augmented reality

applications at school level.

Hs: There would be a significant level of practices in terms of behaviour among educators towards

augmented reality applications at school level.

Hua: Significant level of relationship among perception, attitudes and behaviour would be found

among educators towards augmented reality applications.

Hs: Multiple factors would be observed of having perceptions, attitudes and behaviour of Indian

school teachers towards augmented reality applications at school level.

1.6. Research Questions

1. What are the key factors that influence Indian school teachers' perceptions of augmented reality
applications in educational settings?

2. How do various demographic factors (e.g., age, gender, teaching experience) influence teachers'
attitudes towards the use of augmented reality in schools?

3. In what ways do school-level factors (e.g., availability of resources, administrative support, training
opportunities) affect teachers' behaviors in implementing augmented reality in their teaching
practices?

4. Are there any external factors (e.g., curriculum requirements, peer influence, student engagement)

that significantly impact the adoption of augmented reality by Indian school teachers?
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2. Methodology

2.1. Design

Researchers used a descriptive mixed-method strategy for this investigation. In order to provide
a comprehensive understanding of the study subject, this approach integrates qualitative and
quantitative research approaches. With regard to this hybrid methodology, the study aims to
emphasize the benefits of qualitative and quantitative data by offering a more thorough and nuanced
perspective than could be acquired from either technique alone. The quantitative component involves
gathering and analyzing numerical data in order to identify patterns, trends, and correlations. This
information provides a thorough summary of the research issue and enables the extrapolation of
research findings to a larger population (Creswell & Clark, 2023; Schoonenboom & Johnson, 2017).
The qualitative component, on the other hand, focuses on gathering detailed narrative data that sheds
light on the underlying attitudes, beliefs, and intentions that underlie the observed trends. Closed-
ended surveys and interviews methods that enable a detailed analysis of participants' experiences
and points of view are used to achieve this. The integration of these two approaches into a descriptive
mixed-method design facilitates data triangulation, hence enhancing the validity and coherence of
the study's findings (Creswell & Clark, 2017; Dejonckheere et al., 2019). According to Johnson and
Onwuegbuzie (2004) this type of design provides a thorough, complex, and varied understanding
that informs recommendations and findings, ensuring that the study covers the full breadth and
depth of the research topic.

2.2. Sample

Random Sample
28 States (10% Districts through | 8 Union Territories |
Stratified Sampling) I

(Simple Random Sampling)

Urban Schools Rural Schools

| Online Mode | | Offline Mode | | Offline Mode ” Online Mode |
{ ¥ ¥
Physical Pen and | Interview I
Participation Paper mode
| l
I Email | | WhatsApp | Text through Online
Social Media Interview

Figure 1. Sampling procedure.

In this study, a comprehensive sampling process was conducted, involving teachers from both
urban and rural schools across India. The process began with random sampling to select participants
from all 28 states and 8 union territories. This was followed by the selection of 10% of districts within
each region using stratified sampling to ensure a representative sample (Makwana et al., 2023; Tipton,
2013). Within these districts, schools were chosen through simple random sampling. As a result, 531
urban school teachers participated in the study, contributing both online via email, WhatsApp and
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offline through physical participation using pen-and-paper methods. Additionally, 199 rural school
teachers participated in offline through pen-and-paper methods and online via social media texts.
The total sample size for the study was 730 teachers. Of these, only 52 interviews were conducted in
both online and offline modes, depending on the convenience of the participants. This approach
ensured that diverse perspectives from both urban and rural educators were well-represented in the
study.

2.3. Tools

In this research we developed standardized, self-designed questionnaires to gather data,
comprising sixty closed-ended items (twenty per variable) and nine open-ended items. These
instruments were designed to assess educators' perceptions, attitudes, and behaviors concerning the
use of Augmented Reality (AR) applications in school settings. The perception assessment included
20 multiple-choice questions, each with four response options, awarding 5 marks for correct answers
and 0 mark for incorrect ones (Scharf & Baldwin, 2007; Yaneva et al., 2022). To identify the most
significant attitudes and behaviors towards AR applications, two sets of twenty statements were
used, based on a five-point Likert scale. The first set ranged from Strongly Agree (SA), Agree (A),
Undecided (UD), Disagree (D), to Strongly Disagree (SD), while the second set ranged from Always
(A), Often (OF), Occasionally (OC), Rarely (R), to Never (N). Educators selected their responses by
circling one of the five options. For positive statements, the responses were scored as 5, 4, 3, 2, and 1,
respectively, while for negative statements, the scoring was reversed: 1, 2, 3, 4, and 5 (Alhassn et al.,
2022; Joshi et al., 2015; Tanujaya et al., 2022). Additionally, nine open-ended interview questions were
designed to delve deeper into educators' perceptions, attitudes, and behaviors regarding AR
applications.

A total of 60 minutes was allotted to administer all three sets of questionnaires, each consisting
of 20 items, making 60 items in total and this was clearly stated in the instructions. The total scores
for perceptions ranged from 0 to 100, while the scores for attitudes and behaviors ranged from 20 to
100. These were categorized into five levels—Very High, High, Moderate, Low, and Very Low —each
approximately divided into equal intervals using the stratification method employed by Ascher-
Svanum et al. (2013), and Naveau et al. (2016). To standardize the questionnaires, a thorough
validation process was undertaken, emphasizing content and face validity, with the involvement of
nine field experts. The questionnaires were administered to a sample of 30 participants. The Kuder-
Richardson reliability coefficient for perceptions was calculated at 0.79, appropriate due to the
dichotomous nature of the responses, where each question had only two possible answers either
correct or incorrect, scored as 0 and 5, respectively. Similarly, Cronbach's alpha was used to assess
the reliability for attitudes and behaviors, yielding coefficients of 0.78 and 0.84, respectively,
reflecting the internal consistency of responses on a standardized 1 to 5 scale (Garratt et al., 2011;
Wadkar et al., 2016).

2.4. Procedure of Data Collection

The data collection process for this study involved distributing survey questionnaires to
educators from various private and government (Public) schools across India, regardless of age,
gender, qualifications, or the educational boards of their institutions. These schools and institutes
were situated in rural and urban areas of India. To ensure a diverse and representative sample of
teachers, we employed both physical and digital communication methods. For the physical
distribution, we conducted one-on-one sessions with participants, followed by sending the survey
questionnaires via email and WhatsApp. This approach ensured efficient and widespread
distribution of the survey tools. Before administering the questionnaires, we provided detailed
information to all potential participants regarding the survey’s nature, the study's purpose, and the
time required to complete the questionnaire. This information was crucial to ensure that participants
were well-informed and could make an informed decision about their participation. For online data
collection, we utilized Google Forms, a convenient platform for gathering and organizing responses
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(Bhalerao, 2015; Hsu & Wang, 2017), similarly participants were given clear instructions and a
timeline for submission, which helped facilitate timely and accurate data collection (Belisario et al.,
2015; Rayhan et al., 2013). By the conclusion of the data collection period, we had received a total of
730 responses, 237 from male and 493 from female participants, with 531 responses from urban areas
and 199 from rural areas. For the open-ended items, we conducted interviews with participants at
their convenience, either online or offline, with each session lasting 10 to 15 minutes. In analyzing the
responses, we identified a noticeable gap based on gender and location, possibly influenced by the
combination of online and offline data collection methods (Contreras et al., 2024; Sethuraman et al.,
2005). Throughout the process, we placed significant emphasis on obtaining informed consent from
all participants, reflecting our ethical commitment. Instead of seeking formal ethical approval from
an institutional review board, we focused on securing explicit consent from each participant. This
ensured that all participants voluntarily agreed to participate, fully understanding their rights and
the nature of their involvement. This approach underscored the researchers' dedication to
maintaining ethical standards and respecting participants' autonomy.

The collected dataset comprises both categorical and continuous variables. To assess the
normality of the continuous data, the Shapiro-Wilk Test was employed. The Shapiro-Wilk test
showed a significant departure from normality, W(730) = .97, p < .001. Although the result indicated
that the data were not normally distributed, a combination of statistical tests was applied to analyze
the dataset appropriately. Given the mixed nature of the variables, Chi-square (x?) tests were used
for categorical data analysis, while t-tests and F-tests were employed to compare means across
groups. Additionally, correlation analysis was conducted to examine the relationships among
continuous variables (Bandla et al., 2024; Lee & Lee, 2022; Shapiro & Wilk, 1965).

3. Result and Analysis

3.1. Hypothesis:

The result of Hypothesis: examined the significance of teachers' perceptions of augmented
reality applications (ARA) at the school level. This was done by analyzing the range, frequencies, and
percentages of respondents based on their gain scores. Additionally, the hypothesis examined the
significant differences in the levels of perception and the variables associated with teachers’ views on
augmented reality applications. These differences were analyzed using the Chi-square test and t-test,
based on the respondents' gain scores.

Table 1 represents the distribution of teachers’ perception scores regarding the use of
Augmented Reality Applications (ARA) at the school level. The findings indicate that the majority of
teachers fall within the moderate perception category. Specifically, 248 female and 148 male teachers
scored between 41 to 60, resulting in gain scores of 8,055 and 13,215, respectively. This category
accounts for a combined total of 29.14% of the overall gain scores. Additionally, 14.34% of teachers
are categorized as having a high level of perception and their scores ranging from 61 to 80, including
125 female and 28 male teachers. Their corresponding gain scores are 1,940 and 8,525, respectively
(Dirin et al., 2019; Habig, 2020). In contrast, a smaller proportion of teachers fall into the low category,
contributing 8.24% to the total gain scores, with 116 females and 54 males scoring within the 21 to 40
range. Notably, a negligible number of teachers, just 0.25%, are found in the very low category and
their scores ranging between 0 and 20. Importantly, no teachers scored within the very high category
(scores ranging from 81 to 100), indicating the absence of exceptionally high perceptions. Overall, the
data suggest that while a moderate to high level of perception toward the use of ARA exists among
teachers, there remains significant scope for improvement. Efforts should focus on enhancing
teachers’ knowledge, awareness, and understanding of ARA to elevate perceptions into the higher
categories and promote more effective integration of these technologies in educational settings
(Alkhabra et al., 2023; Di-Fuccio et al., 2024).
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Table 1. Level of perception on augmented reality applications (ARA) among the teachers.
Teachers’ Perception ~ Range of Frequencies Gain Scores Percentage of Gain  Total Percentage of
Level on ARA Scores Scores Gain Scores
Male Female Male Female Male Female

Very High 81-100 0 0 0 0 0 0 0
High 61-80 28 125 1940 8525 2.66 11.68 14.34
Moderate 41-60 148 248 8055 13215 11.04 18.10 29.14
Low 21-40 54 116 1910 4100 2.62 5.62 8.24
Very Low <20 7 4 125 60 0.17 0.08 0.25
Total 730 12030 25900 16.49 35.48 51.97

The line graph (Figure 2) illustrates the percentage of gain scores of male and female teachers
across five perception levels (Very High, High, Moderate, Low, and Very Low) regarding augmented
reality applications.

-

29.14

Percentage of Gain Scores

Very Low Low Moderate High Very High
Teachers' Perception Level on ARA

=&=Percentage of Gain Scores of Male =&=Percentage of Gain Scores of Female == =Total Percentage of Gain Scores

Figure 2. Teachers’ perception level on augmented reality applications (ARA).

The results of the Chi-square (x?) tests are shown in Table 2, which shows significant differences
in teachers’ perceptions of ARA across different demographic variables, such as gender, school
location, school category, teaching stream, qualification, and age group. In this analysis, the degrees
of freedom for the Chi-square test are reported as 3 instead of 4 because categories with zero
frequency counts are excluded. In a contingency table, a row or column that contains all zero values
contributes no variability to the dataset and is therefore excluded from the degrees of freedom
calculation. Including such categories can distort the statistical result and result in incorrect
conclusions. This approach is consistent with normal statistical standards, as endorsed by Bock et al.
(2010) and Finkler (2010), who underlined the necessity of only using legitimate, non-zero data in
Chi-square computations.

Table 2. Significant difference regarding the level of perception on Augmented Reality Applications (ARA)
among the teachers in which Observed Frequency (fo), Expected Frequency (fe), Difference (fo-fe), Difference Sq.
(fo-fe)2, Diff. Sq. / Exp Fr. (fo-fe)*/fe, Degrees of Freedom (df), Chi-square (x?) and p value of gain scores regarding

the level of perception of respondents on augmented reality applications.

Variables Teachers’ Perception Level  (fo) (fe) (fo-fo2  df X2 p Value
on ARA Ife
Male Very High 0 0 0 3 2326 0.00004
Gender High 28  49.67 9.45
Moderate 148  128.56 294 p<.05
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Low 54  55.19 0.03
Very Low 7 3.57 3.3
Female Very High 0 0 0
High 125 103.33 4.54
Moderate 248  267.44 141
Low 116 114.81 0.01
Very Low 4 7.43 1.58
Rural Very High 0 0 0 3 4814 0.1859
High 33 4171 1.82
Moderate 114 107.95 0.34 p>.05
Low 47  46.34 0.01
Location of Very Low 5 3 1.33
School Urban Very High 0 0 0
High 120 111.29 0.68
Moderate 282 288.05 0.13
Low 123 123.66 0.004
Very Low 6 8 0.5
Government Very High 0 0 0 3 2730 0.00001
High 50  64.13 3.11
Moderate 199 165.99 6.56 p<.05
Low 51  71.26 5.76
Categories of Very Low 6 4.61 0.42
School Private Very High 0 0 0
High 103 88.87 2.25
Moderate 197 230.01 4.74
Low 119 98.74 4.16
Very Low 5 6.39 0.30
Science Very High 0 0 0 3 2791 0.00001
High 77  65.39 2.06
Moderate 143 169.25 4.07 p<.05
Low 92 72.66 5.15
Stream of Very Low 0 47 47
Teachers Arts Very High 0 0 0
High 76 87.61 1.54
Moderate 253 226.75 3.04
Low 78 9734 3.84
Very Low 11 6.3 3.51
TGT Very High 0 0 0 3 1931 0.00024
High 135 1245 0.89
Qualification Moderate 327 32222 0.07 p<.05
Low 121 13833 217
Very Low 11 8.95 0.47
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PGT Very High 0 0 0
High 18 28.5 3.87
Moderate 69 7378 0.31

Low 49  31.67 9.48
Very Low 0 2.05 2.05

20-33 Very High 0 0 0 6 14751 0961
High 102 10417 0.045
Moderate 272 269.61 0.02 p>.05

Low 115 11574 0.005
Very Low 8 7.49 0.03
34-47 Very High 0 0 0
High 47  44.85 0.10
Moderate 112 116.09 0.14

Age

Low 52 49.84 0.09

Very Low 3 3.22 0.015
48-60 & Very High 0 0 0

Above

High 4 3.98 0.0001
Moderate 12 1031 0.28
Low 3 442 0.46
Very Low 0 0.29 0.29

Overall 3 416.553 .00001
p <.05.

There is a gender-based variation that shows (Table 2 and Figure 3) a statistically significant
difference in the level of perception (x?=23.26, df=3, p=0.00004). Overall, male teachers exhibit
marginally lower levels of perception compared to their female counterparts, particularly in terms of
the number of instructors reporting high or extremely high perceptions. Higher and intermediate
levels of perception are more commonly observed among female teachers. This suggests that
perceptions of ARA are influenced by gender, with female teachers generally holding a more
favourable view (Abdusselam & Karal, 2020; Uderbayeva et al., 2025).

P =0.00004

1225 3674 6124 8573 102 1347 1592 /
x2=23.26

Figure 3. Chi-square distribution of teachers’ perception towards ARA based on gender.

The calculated result of teachers' perception levels on ARA across different school locations
(rural vs. urban) reveals no statistically significant difference (x?=4.814, df=3, p=0.1859), as the p-value
exceeds the threshold of 0.05 (Table 2 and Figure 4). In rural schools, the observed frequencies for
perception levels are slightly different from the expected values: 33 teachers describe high
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perceptions (expected=41.71), 114 describe moderate (expected=107.95), 47 state low
(expected=46.34), and 5 convey very low (expected=3), while none describe very high perceptions. In
urban schools, 120 teachers indicate high perception levels (expected=111.29), 282 moderate
(expected=288.05), 123 low (expected=123.66), and 6 very low (expected=8); again, no teachers report
very high perceptions. These minor deviations between observed and expected frequencies
contribute to a relatively low chi-square value, indicating that the location of the school does not
significantly influence teachers’ perceptions of ARA (Al-Shahrani & Asiri, 2023a).

p=0.1859

1225 a6 | 624 8573 1102 1347 15.92
¥2=4814

Figure 4. Location of school wise Chi-square analysis of teachers’ perception regarding ARA.

Teachers' perceptions of ARA are statistically significant (x?=27.30, df=3, p<0.00001) according to
the chi-square test, which examines the relationship between school category (private vs.
government) and teachers' perceptions (Table 2 and Figure 5). There are no teachers who report
extremely high perceptions among the teachers in government schools; 50 report high perceptions
(anticipated=64.13), 199 moderate (expected=165.99), 51 low (expected=71.26), and 6 very low
(expected=4.61). None of the instructors in private schools have very high perceptions, while 103
report high perceptions (expected=88.87), 197 moderate perceptions (expected=230.01), 119 low
perceptions (expected=98.74), and 5 very low perceptions (expected=6.39). For both school types,
there are notable differences, especially in the moderate and low categories. These findings imply
that there are notable differences in the perceptions of ARA between government and private school
teachers, with the former exhibiting comparatively higher views in some categories. This could be
due to variations in exposure, resources, or institutional support for integrating technology
(Akinradewo et al., 2025; Liao et al., 2024).

p =0.00001

1.225 3.674 6.124 8573 1.02 13.47 15.92 /
=213

Figure 5. Chi-square distribution of teachers’ perception towards ARA based on Category of School.

The chi-square test examines the relationship between teachers' perceptions of ARA and their
academic streams, such as Science and Arts. It finds a statistically significant difference (x>=27.91,
df=3, p<0.00001), suggesting that perception is significantly influenced by the teaching stream (Table
2 and Figure 6). None of the teachers in the Science stream indicate very high or very low perceptions
(anticipated=4.7), while 77 report high perceptions (expected=65.39), 143 moderate perceptions
(expected=169.25), and 92 low perceptions (expected=72.66). However, no teachers in the Arts stream
indicate extremely high opinions; instead, they express 76 high (anticipated=87.61), 253 intermediate
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(expected=226.75), 78 low (expected=97.34), and 11 very poor (expected=6.3) perceptions. The overall
chi-square value was influenced by significant deviations from expected frequencies, especially in
the moderate and low categories (Ibafiez et al., 2020; Nikou et al., 2024a). According to these findings,
teachers of the arts and sciences have different perspectives on ARA. These discrepancies may result
from exposure to digital technologies in their various fields of education, subject-specific pedagogical
techniques, or disparities in technological familiarity (Meng et al., 2024; Ventrella & Cotnam-Kappel,
2024).

p=0.00001

1225 3674 6124 8573 1102 1347 1592 /
x2=21.91

Figure 6. Chi-square distribution based on stream of teachers’ perception towards ARA.

The chi-square test reveals a statistically significant result (x?=19.31, df=3, p=0.00024) indicating
that teachers' qualifications, such as Trained Graduate Teachers (TGT) and Post Graduate Teachers
(PGT), have a meaningful influence on their perception levels of ARA (Table 2 and Figure 7). Among
TGTs, 135 report high perceptions (anticipated=124.5), 327 moderate (expected=322.22), 121 low
(expected=138.33), and 11 very low (expected=8.95), while none express very high impressions.
Among PGTs, 18 have high perceptions (expected=28.5), 69 have moderate perceptions
(anticipated=73.78), 49 have low perceptions (expected=31.67), and none have very high or very low
perceptions (expected=2.05). The most noticeable variances are found in the low perception group,
where PGTs are overrepresented, and the high category, when TGTs outperform expectations. These
data imply that TGTs have typically more positive impressions of ARA than PGTs, which could be
due to differences in training emphasis, classroom responsibilities, or comfort with integrating
modern technology (Alalwan et al., 2020; Uygur et al., 2018).

p=0.00024

1225 3674 6.124 8573 1102 1347 1592 /
x2=19.31

Figure 7. Teachers’ perception on ARA using Chi-square distribution across qualification.

Teachers' perceptions of ARA and their age groups are compared using chi-square analysis. The
results show no statistically significant difference (x>=1.4751, df=6, p=0.961), since the p-value is
significantly higher than the 0.05 threshold (Table 2 and Figure 8). The three age groups for teachers
are 20-33, 34-47, and 48-60 years old and older. None of the age groups attest to a very high degree
of perception. Within the 20-33 age range, there are only minor departures from expected
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frequencies: 102 instructors express high perceptions (expected=104.17), 272 moderate
(expected=269.61), 115 low (expected=115.74), and 8 extremely low (expected=7.49). Similar trends
are seen in the 34-47 and 48-60+ groups, with no significant differences between observed and
expected counts across all perceptual levels. These data demonstrate that age has no significant
influence on teachers' perceptions of ARA, indicating a reasonably consistent attitude regarding the
use of augmented reality in education throughout age groups (Cyril et al., 2022; Nikou et al., 2024b;
Schlomann et al., 2022) but it was differed from the study of Castafio-Calle et al. (2022) due to the
reasons of versatility, adaptability and positive perception of AR.

0.15

0.10
X
N p=0961

0.05

2= 1475
0.00 L
0.0 25 5.0 75 10.0 125 15.0 175

Figure 8. Age wise teachers’ perception towards ARA through Chi-square distribution.

Chi-Square Values by Variable (Teach‘e_ﬁu‘mgerception Level on ARA)

p=0.00001

-~ Critical x* (df=3, a=0.05)

Chi-Square (x?) Value

Variable
Figure 9. Chi-square test of teachers’ perception level on ARA across different demographic variables.

Overall, according to conventional statistical criteria, the difference is highly significant
(x*=416.553, df=3, p=0.00001), indicating a marked variation in teachers' perceptions of augmented
reality (AR) applications at the school level. Notably, significant differences in perception were
observed based on individual variables such as gender, type of school, teaching stream, and academic
qualifications and findings were supported by Faqih and Jaradat (2021). In contrast, factors like
geographical location and, particularly, age did not show a significant impact (Turan et al., 2018).
These findings suggest that professional background and institutional context play a more influential
role in shaping teachers' perceptions and engagement with AR in education than demographic
factors like age or school location (Dahri et al., 2024; Sahin & Yilmaz, 2020).

Table 3 demonstrates whether there are any significant changes in teachers’ impressions of ARA
depending on various background characteristics using t-tests. Here's an unswerving explanation for
each variable along with graphs:

Table 3. Significant difference regarding the perception of teachers on Augmented Reality Applications (ARA)

in which t-tests were used to calculate the significant difference between the two groups (variables). The table
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presents the Mean (M), Standard Deviation (SD), Standard Error of the Mean (Sem), Number of Adolescents (N),
Standard Error of the Difference (Sep), Degrees of Freedom (df), and the t and p values for the gain scores of

variables of teachers.

Variables Mean Sem N SD Sep Df t- p-
value  value
Gender Male M: 5076 Semi 082 Ni 237 SD: 1267 1.012 728 1755 0.079
Female M: 5254 Sem2 058 N2 493 SD2 12.86
Location Rural Mi 5118 Sem: 0.89 Ni 199 SDi 1259 1.065 728 1.004 0.315
Urban M2 5225 Sem2 056 N2 531 SD2 1290
Types of Government Mi 5224 Semn 070 N1 306 SDi: 1223 0962 728 0501 0.616
Organisations Private M2 5176 Sem2 064 N2 424 SD2 13.24
Academic Science M: 5218 Semt 077 N1 312 SDi  13.61 728 0.688
Streams Arts Mz 5179 Sem2 060 N2 418 SD: 1221 0.960 0.401
Designation TGT M: 47.07 Semn 126 Ni 121 SD:i 13.84 1258 728 4.662 0.0001
PGT Mz 5293 Sem2 050 N2 609 SD2 12.39
Experience High M: 5402 Semt 106 Ni 92 SDi 1014 1428 728 1.653 0.098
Experience (41-
60 years &
above)
Low Experience M2 51.66 Sem2 052 N2 638 SD2 13.14

(20-40 years)

The sample consists of 237 male and 493 female teachers (Table 3). The mean perception score
for male educators is 50.76 (SD1=12.67, Semi=0.82), whereas female teachers have a slightly higher
score of 52.54 (SD2=12.86, Sem2=0.58). The standard error of the difference (Sep) is 1.012, while there
exist 728 degrees of freedom (df). The computed t-value is 1.755, with a matching p-value of 0.079
(p>.05). Although female teachers have a slightly higher mean perception score, the difference
between the two groups is not statistically significant at the traditional 0.05 level (Figure 10),
demonstrating that gender has no meaningful influence on teachers' perceptions of ARA, and it does
not play a major role in shaping perceptions of augmented reality in educational contexts (Nikou et
al., 2024a; Qirom & Sukma, 2024).

p=0.079

-3 2 -1 0 ; I é 3
t=1.755

Figure 10. Gender-wise t-test analysis of teachers” perception towards ARA.

There is a contrast of how rural and urban teachers see ARA (Table 3 and Figure 11). The average
score for rural teachers is 51.18, while urban instructors score somewhat better at 52.25. However, the
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difference between the two groups is marginal and not statistically significant (#=1.004, df=728,
p=0.315, p>.05). This means that whether a teacher is from a rural or urban area does not make a
meaningful difference in how they perceive the use of augmented reality in education (Salmee &
Majid, 2022).

p=0.315

t=1.004

Figure 11. Teachers’ perception on ARA by location using t-test.

The test measures teachers' perceptions toward ARA in both government and private schools
(Table 3 and Figure 12). Government school teachers have an average score of 52.24, but private
school teachers have a slightly lower average of 51.76. However, this tiny difference is not statistically
significant (t=0.501, df=728, p>.05), implying that the type of organization whether government or
private has no meaningful impact on teachers' attitudes toward employing augmented reality in
education (Bhattacharya et al., 2025; Wyss et al., 2022).

/T

p=0.616

0 1 2 3 4
t=0.501

Figure 12. Teachers’ perception on ARA through t-test by type of organisation.

Teachers in the arts and science streams' opinions of ARA are displayed in the Table 3. The
average score for science educators is slightly higher (52.18) than that of art teachers (51.79). At
t=0.401, df=728, p>.05, this difference is negligible and not statistically significant (Figure 13). This
indicates that a teacher's perception of the employment of augmented reality in the classroom is not
much influenced by their academic background, whether it be in the arts or sciences (Almaleki, 2022;
Grinshkun et al., 2021).
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p=0.688

0 1 2 3 4
t=0.401

Figure 13. Academic stream wise t-test of teachers’ perception towards ARA.

The Table 3 indicates that Trained Graduate Teachers' (TGTs') and Post Graduate Teachers'
(PGTs') perceptions of ARA differ significantly. With an average score of 52.93, PGTs outperform
TGTs, which have a lower average score of 47.07. It is highly improbable that this difference is the
result (Figure 14) of chance because it is statistically significant p <.05, .01 (¢ =4.662, df=728, p=0.0001).
As a result, classification matters hence, PGTs' perceptions of augmented reality in the classroom are
noticeably more favourable than TGTs' thoughts (Al-Akloby, 2023).

p =0.0001

e
t =4.662

Figure 14. Teachers’ perception on ARA through t-test by designation.

The perspectives of teachers with varying degrees of experience about ARA are validated in the
Table 3. The mean score for teachers with more experience (41-60 years and beyond) is 54.02, whereas
the mean score for teachers with less experience (20—40 years) is 51.66. This implies that teachers with
more experience would have a more favourable perceptions of ARA, although the difference (Figure
15) is not statistically significant p>.05,.01 (t=1.653, df=728, p=0.098). This means that the variation in
perception based on years of experience is not strong enough to draw a firm conclusion, and
experience level does not significantly influence teachers' views on the use of augmented reality in
education (Bangga-Modesto, 2024; Nikou et al., 2024a).
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p =0.098

4 3 2 4 0 1|2 3 4
t=1.653

Figure 15. Teachers’ perception on ARA through t-test by experience.

3.2. Hypothesisz

The result of Hypothesis: assessed the significance of teachers' attitudes toward augmented
reality applications (ARA) in schools. This analysis involved examining the range, frequencies, and
percentages of respondents according to their gain scores. Furthermore, the hypothesis explored
significant differences in attitude levels and the variables related to teachers' attitudes toward ARA.
These differences were identified through Chi-square and t-tests, based on the respondents' gain
scores.

Table 4 shows the distribution of teachers' attitudes of augmented reality applications (ARA)
across five categories like very high, high, moderate, low, and very low, according to their scores.
Most male and female educators displayed a high attitude level, with 204 males and 387 females
scoring between 61-80, resulting in gain scores of 14,840 and 27,970 respectively, making up 20.33%
and 38.32% of the overall gain scores. A lesser number of respondents exhibit a very high attitude
(score range 81-100), consisting of 24 males and 66 females, leading to gain scores of 1,975 and 5,437,
which account for 2.71% and 7.45%, respectively. Only a small number of educators (9 men and 40
women) are classified in the moderate range (scores 41-60), while no one is noted in the low or very
low categories, signifying a generally favourable attitude towards ARA. In total, male and female
educators contribute 23.67% and 48.86% to the overall percentage of gain scores, providing a
combined total of 72.52%, which emphasizes a largely positive perception of ARA among the
participants (Dahri et al., 2024).

Table 4. Level of Teachers' attitudes towards augmented reality applications (ARA).

Teachers’ Attitudes Range of Frequencies Gain Scores Percentage of Gain  Total Percentage of

Level on ARA Scores Scores Gain Scores

Male Female Male Female  Male Female

Very High 81-100 24 66 1975 5437 2.705 7.448 10.153
High 61-80 204 387 14840 27970  20.328 38.315 58.643

Moderate 41-60 9 40 463 2259 0.634 3.094 3.728
Low 21-40 0 0 0 0 0 0 0

Very Low <20 0 0 0 0 0 0 0
Total 730 17278 35666  23.667 48.857 72.524

The line graph (Figure 16) shows the percentage of gain scores of male and female teachers
across five attitudes levels (Very High, High, Moderate, Low, and Very Low) regarding Augmented
Reality Applications.
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Figure 16. Teachers’ attitudes level on augmented reality applications (ARA).

The results of the chi-square test, which explores the consequences of different demographic
factors on teachers' attitudes toward the use of Augmented Reality Applications (ARA) in schools,
including gender, school location, school category, teacher stream, qualification, and age, are shown
in Table 5. However, in this table low and very low categories were excluded from the test since all
values are zero. At the classroom level, the chi-square (x?) test examines gender variations in teachers'
attitudes about ARA. With two degrees of freedom, the calculated chi-square value of 6.960 is higher
than the critical value at the 5% significance level (5.99) but lower than the critical value at the 1%
level (9.21). At the 95% confidence level (p<.05), the matching p-value of 0.0308 indicates statistical
significance; however, at the 99% level (p>.01), it does not. According to the results, male teachers are
overrepresented in the moderate attitude group and marginally underrepresented in the very high
and high attitude categories. In contrast, female teachers show a slightly higher than expected
presence in both the very high and moderate categories. Notably, no male or female respondents
reported low or very low attitudes toward ARA. These results suggest that gender has a statistically
significant, albeit moderate, influence on teachers” attitudes toward the use of augmented reality in
educational settings (Ewais & Troyer, 2019; Suhaimi et al., 2022). On the other hand, the location of
school (rural vs. urban) shows no significant difference in attitude levels (x?=3.185, p=0.2034),
suggesting that the geographical context does not significantly influence teachers’ perceptions of
ARA (Li et al., 2023; Sanchez-Obando & Duque-Méndez, 2023).

Table 5. Significant difference in teachers' attitudes towards Augmented Reality Applications (ARA) was
examined using various statistical measures, including Observed Frequency (fo), Expected Frequency (fc), the
Difference (fo-fe), the Square of the Difference (fo-fe)?, the Ratio of the Squared Difference to the Expected
Frequency (fo-fe)?/fe, Degrees of Freedom (df), the Chi-square (x?), and the p-value based on respondents’ gain

scores.
Variables Teachers’ Attitudes Level (fo) (fe) (fo - fe)? df X2 p Value
on ARA Ife
Male Very High 24 29.22 0.932 2 6.960 0.0308
High 204 191.87 0.767
Moderate 9 15.91 3.001 p<.05
Low 0 0 0
Gender Very Low 0 0 0
Female Very High 66  60.78 0.448
High 387 399.13 0.369
Moderate 40  33.09 1.443
Low 0 0 0
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Very Low 0 0 0
Rural Very High 21 2453 0.508 2 3.185 0.2034
High 169 161.11 0.386
Moderate 9 13.36 1.423 p>.05
Low 0 0 0
Very Low 0 0 0
Location of School
Urban Very High 69 6547 0.190
High 422 429.89 0.145
Moderate 40  35.64 0.533
Low 0 0 0
Very Low 0 0 0
Government  Very High 26  37.73 3.647 2 8.235 0.0163
High 262 247.73 0.822
Moderate 18 20.54 0.314 p<.05
Low 0 0 0
Categories of Very Low 0 0 0
School Private Very High 64 5227 2.632
High 329  343.27 0.593
Moderate 31 2846 0.227
Low 0 0 0
Very Low 0 0 0
Science Very High 35 3847 0.313 2 1.063 0.5879
High 258 252.59 0.116
Moderate 19 2094 0.180 p>.05
Low 0 0 0
Stream of Very Low 0 0 0
Teachers Arts Very High 55  51.53 0.234
High 333 33841 0.086
Moderate 30  28.06 0.134
Low 0 0 0
Very Low 0 0 0
TGT Very High 15 1492 0.0004 2 0.0031  0.9986
High 98  97.96  0.00002
Moderate 8 8.12 0.0021 p>.05
Low 0 0 0
Very Low 0 0 0
Qualification
PGT Very High 75  75.08 0.0001
High 493 493.04  0.000003
Moderate 41 40.88 0.0005
Low 0 0 0
Very Low 0 0 0
Age 20-33 Very High 51  61.27 1.721 4 9.620 0.047
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High 413 402.37 0.290
Moderate 33 33.36 0.010 p<.05
Low 0 0 0
Very Low 0 0 0

34-47 Very High 35  26.38 2.817
High 166 173.25 0.303
Moderate 13 1436 0.140
Low 0 0 0
Very Low 0 0 0

48-60 Very High 4 2.34 1.178
High 12 15.38 0.850
Moderate 3 1.28 2.311
Low 0 0 0
Very Low 0 0 0

Overall 2 748.558  0.00001
p<.05

However, the table also presents a chi-square (y?) test assessing whether teachers’ attitudes
toward ARA, differ significantly based on school category (Government vs. Private). The observed
frequencies (fy) and expected frequencies (f.) for attitude levels (Very High to Very Low) have been
compared, and the chi-square statistic has been calculated by summing the squared differences
between f; and f., divided by f., for each category. The calculated chi-square value is 8.235 with 2
degrees of freedom. According to the chi-square distribution table, the critical values are 5.991 at the
5% level and 9.210 at the 1% level. Since 8.235 exceeds 5.991 but not 9.210, the result is statistically
significant at the 5% level (p=0.0163<0.05) but not at the more stringent 1% level. This indicates that
there is a statistically significant difference in teachers’ attitudes toward ARA between Government
and Private schools, meaning school category does have an influence on teachers' attitudes (Tzima et
al., 2019). The chi-square analysis examines the association between teachers’ academic stream
(Science vs. Arts) and their attitudes toward ARA in schools, reveals no statistically significant
difference. The computed chi-square value is 1.063 with 2 degrees of freedom and a p-value of 0.5879,
which is greater than the 0.05 threshold (p>.05), indicating that the variation in attitudes between
Science and Arts stream teachers is not significant. Both groups showed similar distributions across
the very high, high, and moderate attitude levels, with no responses falling into the low or very low
categories. These results suggest that a teacher's academic background whether in Science or Arts
does not significantly influence their attitude toward adopting ARA in the school setting (Mohamad
& Husnin, 2023).

The chi-square investigation of the link between teachers' qualifications (TGT vs. PGT) and
attitudes toward ARA found no statistically significant association. The computed chi-square value
is 0.0031 with 2 degrees of freedom and a p-value of 0.9986, which is significantly greater than the
0.05 significance criterion (p>.05. This implies that Trained Graduate Teachers (TGT) and
Postgraduate Teachers (PGT) have virtually equal views regarding ARA, with observed frequencies
closely matching expected values across the very high, high, and moderate categories. Neither group
expressed low or very low attitudes. As a result, the data suggest that teachers' qualifications have
no substantial influence on their attitudes on the use of augmented reality in the classroom (Salleh et
al.,, 2023). Interestingly, at the end of the table a chi-square test shows the relationship between
teachers’ age groups and their attitudes toward ARA. The observed and expected frequencies have
been compared across three age categories (20-33, 34—47, and 48-60) and three attitude levels (Very
High, High, and Moderate), with low and very low categories exclude due to zero values. The
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calculated chi-square value reveals 9.62 with 4 degrees of freedom. When compare to the chi-square
distribution table, this value slightly exceeds the critical value of 9.488 at the 5% significance level but
remains below the 1% critical value of 13.277. The associate p-value is 0.047, which is less than 0.05,
indicating a statistically significant association at the 5% level. Thus, the alternative hypothesis is
accepted, suggesting that teachers’ age has a meaningful influence on their attitudes toward ARA,
although the result is not significant at the more rigorous 1% level (Antonioli et al., 2014).

Overall, the findings advocate that gender, category of school, and age are significant factors
influencing teachers’ attitudes toward the adoption of augmented reality in educational settings alike
(Giasiranis & Sofos, 2016; Habig, 2020), while location, academic stream, and qualification level are
not (Radosavljevic et al., 2020; Tzima et al., 2019). However, the total chi-square value of 748.558 with
a p-value of 0.00001 (p<.05) confirms that significant differences exist among various demographic
groups regarding their attitudes toward the implementation of Augmented Reality in school
education.

The graph in the Figure 17 showing both the Chi-Square (y?) values and corresponding p-values
for each variable. A green dashed line at p=0.05 indicating statistical significance.
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Figure 17. Chi-square and p-values of various variables of teachers’ attitudes towards ARA.

The t-test results present in Table 6, highlighting the comparison of teachers' attitudes towards
Augmented Reality Applications (ARA) across various demographic variables. The aim of this
analysis is to determine whether there are statistically significant differences in attitude scores among
different groups of educators.

Table 6. Significant difference regarding the attitudes of teachers on Augmented Reality Applications (ARA) in
which t-tests were used to calculate the significant difference between the two groups (variables). The table
presents the Mean (M), Standard Deviation (SD), Standard Error of the Mean (Sem), Number of Adolescents (N),
Standard Error of the Difference (Sep), Degrees of Freedom (df), and the t and p values for the gain scores of

variables of teachers.

Variables Mean Sem N SD Sep df t- p-

value  value

Gender Male M 72.90 Semi 046 N1 237 SDi 7.01 0586 728 0.9524 0.3412
Female M2 7234  Semz 034 N2 493 SD2 7.60 P
>0.05
Location Urban M 7254  Semn 033 N1 531 SD1 7zet  0.617 728 0.0811 0.9354
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Rural M2 7249 Sem2 049 N2 199 SD:2 6.87 p
>0.05
Types of Government M 7256  SEMI N1 306 SD:1 695 0.556 728 0.0004 0.9997
Organisations 0.40 P
Private M2 725259  Sem2 N2 424 SD2 7.74 >0.05
0.38
Academic Science M 7279 Sem1 N: 312 SDi 719 0555 728 1.0273 0.3046
Streams 041 p
Arts M2 7222 Sem2 037 N2 418 SD2 7.58 >0.05
Designation TGT M: 7217  Sems 071 N1 131 SD: 781 0715 728 0.6013 0.5478
PGT Mz 7260 Sem2 030 N2 609 SD:2 7.34 p
>0.05
Experience High M: 7272 Semi 030 Ni 92 SDi1 754 728 0.2979  0.7659
Experience 0.738 P
(41-60 years) >0.05
Low M2 7250  Sem2 0.68 N2 638 SD2 648

Experience

(20-40 years)

The data presents the attitudes towards ARA between male and female teachers. The mean
attitude score for male teachers is 72.90, with a standard deviation (SD1) of 7.01 and a standard error
of the mean (Sem1) of 0.46, based on a sample size of 237. The mean attitude score for female teachers
is 72.34, with a standard deviation (SD2) of 7.60 and a standard error of the mean of 0.34, based on a
larger sample size of 493. The t-value for the difference between the two groups is 0.9524, and the p-
value is 0.3412, which is greater than 0.05, indicating that there is no statistically significant difference
between the attitudes of male and female teachers towards ARA. The p-value suggests that the
observed difference in means (0.56) could be due to random variation, and we fail to accept the
alternative hypothesis. Therefore, gender does not seem to have a significant impact on teachers’
attitudes toward the use of augmented reality applications in this sample, although this finding is
not consistent with the results reported by Tondeur et al. (2016). Table also shows that the urban
teachers have a mean score of 72.54 (Semi=0.33, N1=531, SD1=7.61), while rural teachers have a mean
score of 72.49 (Semz2=0.49, N2=199, SD2=6.87). The t-test (+=0.0811, p=0.9354, df=728) shows no significant
difference (p >0.05), suggesting that location (urban vs. rural) does not significantly affect the outcome
(Heintz et al., 2021).

On the other hand, the Government school teachers (M1=72.526, Sem1=0.40, N1=306, SD1=6.95) and
private school teachers (M2=72.5259, Sem2=0.38, N2=424, SD>=7.74) have nearly identical mean scores.
The t-test (+=0.0004, p=0.9997, df=728) confirms no significant difference (p>0.05), meaning the type of
school does not influence the measured variable. Similarly, the Science teachers had a slightly higher
mean score (M1=72.79, Semi=0.41, N1=312, SD1=7.19) compared to arts teachers (M2=72.22, Senm2=0.37,
N2=418, SD2=7.58). However, the t-test (+=1.0273, p=0.3046, df=728) indicates no statistically significant
difference (p>0.05), suggesting that subject specialization does not play a major role in the outcome.
Likewise, the Trained Graduate Teachers (TGT) have a mean score of 72.17 (Semi=0.71, N1=131,
SD1=7.81), while Post Graduate Teachers (PGT) have a mean of 72.60 (Sem2=0.30, N2=609, SD>=7.34).
The t-test (+=0.6013, p=0.5478, df=728) shows no significant difference (p>0.05), meaning teaching level
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(TGT vs. PGT) does not significantly impact the results. Table also shows that the teachers with high
experience (41-60 years) have a mean score of 72.72 (Semi=0.30, N1=92, SD1=7.54), while those with low
experience (20-40 years) have a mean of 72.50 (Sem2=0.68, N2=638, SD>=6.48). The t-test (#=0.2979,
p=0.7659, df=728) reveals no significant difference (p>0.05), indicating that years of experience do not
significantly affect the measured variable (Salleh et al., 2023).

However, the teachers' attitudes about augmented reality applications do not differ statistically
significantly across all demographic characteristics (gender, locality, institution type, topic
background, teaching position, and experience level) which is similar to the studies of Al-Shahrani
(2021), and Bangga-Modesto (2024). This implies that ARA is perceived universally positively or
neutrally across varied educator profiles, implying that any future training or implementation of AR-
based solutions can be implemented generally and without regard for specific demographic
groupings (Mena et al., 2023; Oliveira et al., 2021; Zhu & Chen, 2022).

The bell-shaped normal distribution curve with vertical dashed lines shows in Figure 18,
representing the f-values for each variable, each in a different color. This graph is clearly screening
how far t-values of each variable's deviates from the mean of the standard normal distribution in
which closer to the centre indicates weaker statistical significance.
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Figure 18. Teachers’ attitudes on ARA through t-test across gender, location of schools, categories of school,

streams of school, qualification and experience.

3.3. Hypothesiss

The results of Hypothesiss evaluated the significance of teachers' behavior in terms of practices
towards augmented reality applications (ARA) in schools. This evaluation included an analysis of
the range, frequencies, and percentages of respondents based on their gain scores. Additionally, the
hypothesis investigated significant differences in behavior levels and the factors associated with
teachers' behavior toward ARA. These differences were determined using Chi-square and t-tests,
derived from the respondents’ gain scores.

Table 7 illustrates the levels of practice reflects in the behavior of teachers both male and female
towards Augmented Reality Applications (ARA), categorized by score ranges corresponding to five
behavioral levels: Very High, High, Moderate, Low, and Very Low. Each level is defined by a specific
range of scores: very high (81-100), high (61-80), moderate (41-60), low (21-40), and very low (<20).
The table lists the number of male and female teachers within each category, along with their
respective gain scores and percentages of total gain scores.
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Table 7. Level of practices in terms of behaviour of teachers towards augmented reality applications (ARA).

Teachers’ Behaviour Range of Frequencies Gain Scores Percentage of Gain Total Percentage of

Level on ARA Scores Scores Gain Scores

Male Female Male Female Male Female

Very High 81-100 22 86 1849 7265 2.533 9.950 12.483
High 61-80 183 322 13341 23162 18.275 31.728 50.003

Moderate 41-60 32 75 1651 4128 2.260 5.655 7915
Low 21-40 0 10 0 375 0 0.514 0.514

Very Low <20 0 0 0 0 0 0 0
Total 730 16841 34930 23.068 47.847 70.915

In the very high behavior category, 22 male and 86 female teachers are recorded, contributing
gain scores of 1,849 and 7,265 respectively. This corresponds to 2.533% for males and 9.950% for
females, totalling 12.483% of the overall gain score. The high category have the largest number of
participants, with 183 males and 322 females, contributing the highest gain scores: 13,341 and 23,162,
making up 18.275% and 31.728% respectively, totalling a significant 50.003%. This indicates that a
majority of teachers, especially females, exhibit high-level behavioral engagement with ARA. In the
Moderate behavior range, 32 male and 75 female teachers account for gain scores of 1,651 and 4,128,
which represent 2.260% and 5.655% respectively, totalling 7.915%. The low behavior level has no male
participants, and only 10 females with a collective gain score of 375, representing just 0.514%.
Notably, no teacher either male or female fell into the very low behavior category, indicating a
baseline level of positive engagement with ARA across the board.

Overall, the total percentage of gain scores across all behavior levels is 70.915%, with females
contributing a higher share (47.847%) compare to males (23.068%). This suggests that female teachers,
in general, show more active and positive behavioral engagement with ARA than their male
counterparts (Aboudahr et al., 2023). The data highlights a strong inclination toward higher levels of
behavioral adoption of ARA, especially among female educators, and provides valuable insight into
gender-based engagement trends in educational technology practices (Nizar et al., 2020; Peikos &
Sofianidis, 2024).

The line graph (Figure 19) shows the percentage of gain scores of male and female teachers
across five behavioral levels (Very High, High, Moderate, Low, and Very Low) regarding Augmented
Reality Applications.
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Perventage of Gain Scores
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Figure 19. Teachers’ behavioural level on augmented reality applications.
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This Table 8 contains a detailed analysis of teachers' behavioural practice of using Augmented
Reality Applications (ARA) by means of the Chi-square test (using multiple demographic and
institutional variables: gender, school location, educational categories, teachers’ streams, education
qualification, age). The variable very low has been excluded from the statistical analysis due to its
zero frequency across all subgroups, which would result in computational distortion in the Chi-
square test.

Table 8. The significant difference in teachers' behavioral practices regarding Augmented Reality Applications
(ARA) was analyzed using various statistical methods. These included Observed Frequency (fo), Expected
Frequency (fe), the Difference (fo-fc), the Square of the Difference (fo-fe)?, the Ratio of the Squared Difference to
the Expected Frequency (fo-fe)?/fe, Degrees of Freedom (df), the Chi-square (x?), and the p-value based on

respondents' gain scores.

Variables Teachers’ Behavioural Level  (fo) (fe) (fo-f)2  df X2 p Value
on ARA Ife
Male Very High 22 35.07 4.87 3 15.63  0.00135
High 183  163.97 222
Moderate 32 3474 0.22 p< .05
Low 0 3.25 3.25
Very Low 0 0 0
Gende
Female Very High 8 7293 2.34
High 322 341.03 1.06
Moderate 75 7226 0.10
Low 10 6.75 1.57
Very Low 0 0 0
Rural Very High 36 29.44 1.46 3 1103 0.0116
High 144 137.66 0.29
Moderate 19  29.17 3.54 p<0.05
Low 0 273 273
Location of Very Low 0 0 0
School Urban Very High 72 78.56 0.55
High 361 367.34 0.11
Moderate 88  77.83 1.33
Low 10 727 1.02
Very Low 0 0 0
Government ~ Very High 39 4527 0.88 3 12.94 0.0048
High 229  211.68 141
Moderate 38  44.85 1.05 p<0.05
Low 0 4.19 4.19
Categories of Very Low 0 0 0
School Private Very High 69 6273 0.63
High 276 293.32 1.02
Moderate 69 6215 0.75
Low 10 5.81 3.01
Very Low 0 0 0
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Science Very High 62  46.14 5.47 3 2603 0.0001
High 198  215.67 1.44
Moderate 42 4573 0.30 p<0.05
Low 10 427 7.71
Stream of Very Low 0 0 0
Teachers Arts Very High 46  61.86 4.08
High 307 289.33 1.07
Moderate 65  61.27 0.23
Low 0 5.73 5.73
Very Low 0 0 0
TGT Very High 20 17.90 0.25 3 9.54 0.023
High 76 83.66 0.71
Moderate 20 17.73 0.29 p<.05
Low 5 1.66 6.70
Very Low 0 0 0
Qualification
PGT Very High 88  90.10 0.05
High 429 42134 0.14
Moderate 87  89.27 0.06
Low 5 8.34 1.34
Very Low 0 0 0
20-33 Very High 81 7347 0.77 6 1532 0.018
High 339 34344  0.057
Moderate 67 7277 0.458 p<0.05
Low 10 6.80 1.507
Very Low 0 0 0
34-47 Very High 26 31.64 1.005
High 155 148.04  0.327
Moderate 33 3133 0.088
Age Low 0 2.93 2.93
Very Low 0 0 0
48-60 & Very High 1 2.81 1.164
Above
High 11 13.16 0.354
Moderate 7 2.78 6.35
Low 0 0.26 0.26
Very Low 0 0 0
Overall 3 80047  0.00001
p<0.05

The table presents the associations between gender and teachers’ behavioural levels in relation
to ARA. The observed frequencies (fo) are compared with the predicted frequencies (f.) for each level
of behaviour: very high, high, moderate and low. Male teachers have significantly lower counts of
students with a very high behavioural level (22) than are predicted (37. 57%), and high-frequency
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behaviour (183) is reported more frequently than the predicted (163. 97%) and low-frequency
behavior has been reported rarely (with an expected count of 3.25%). These differences contribute to
the Chi-square statistic for males and individual components such as 4.87 (for very high) and 3.25
(for low) indicate their substantial deviation. However, results from females are similar and more
participants than expected report very high behaviour (386 vs. 72.93), and slightly fewer participants
than expected engage in the high category (322 vs. 341.03). The cumulative Chi-square value is 15.63,
calculated with 3 degrees of freedom. This is significantly higher than the critical values at the 0.05
level (7.015) and the 0.01 level (11.334). The corresponding p-value of 0.00135 confirms that the result
is statistically significant (Ghobadi et al., 2023). Similarly, the table also provides information on the
association between school location (rural vs. urban) and teacher behavioural levels in relation to the
use of ARA. Total Chi-square value is 11.03 with 3 degrees of freedom; The p-value of 0.0116 is
statistically significant at the 0.05 level (critical value=7.815), but slightly below the statistical
significance threshold at the 0.01 level (critical value=11.345). This advocates that there is a significant
association between school location and teacher behavioural levels in relation to the use of ARA and
that rural and urban teachers have significantly different approaches and behavioural practices with
respect to augmented reality in classrooms (Suhaimi et al., 2022).

In another case, the table also shows chi-square (x?) value i.e. 12.94, which is compared against
the critical values of chi-square at different significance levels for 3 degrees of freedom (df=3). At the
0.05 level, the critical value is 7.815, and at the 0.01 level, it is 11.345. Since 12.94>7.815, the result is
statistically significant at the 0.05 level, indicating that there is a significant association between the
categories of school (government or private) and teachers” behavioural levels on ARA. This means
that teachers’ behavioural responses towards ARA significantly differ between government and
private schools. However, because 12.94 is only slightly higher than 11.345, the result is borderline
significant at the 0.01 level suggesting a stronger association but not one that meets the stricter
criterion of p<0.01. The p-value of 0.0048 confirms this significance, as it is less than 0.05, reinforcing
that the observed differences are unlikely to have occurred by chance alone (Lampropoulos et al.,
2022). In case of stream of teachers, the calculated chi-square (x?) value is 26.03 with 3 degrees of
freedom, which is significantly higher than the critical values at both the 0.05 level (7.815) and the
0.01 level (11.345). This indicates a highly significant association between the stream of teachers
(Science vs. Arts) and their behavioural levels regarding ARA. The very low p-value of 0.0001 further
confirms that the differences observed are statistically significant and not due to chance. Therefore,
teachers’ behavioural responses towards ARA differ markedly between the Science and Arts streams
(Nizar et al., 2020).

On the basis of teachers” qualifications, the calculated chi-square (x?) value is 9.54 with 3 degrees
of freedom, which is greater than the critical value at the 0.05 level (7.815) but less than that at the
0.01 level (11.345). This indicates a statistically significant association between teachers’ qualifications
(TGT vs. PGT) and their behavioural levels towards ARA at the 5% level of significance. The p-value
of 0.023, being less than 0.05, confirms that the observed differences are unlikely due to chance
(Peikos & Sofianidis, 2024). However, the result is not significant at the stricter 1% level (p>.01),
suggesting a moderate level of association between qualification and behavioural response to ARA
(Saez-Lopez et al., 2020). In this context, several possibilities could be considered, such as differences
in learning styles, comfort and interest in using technology, level of technological understanding, or
teachers’ prior experience in similar areas. Similarly, the calculated chi-square (x?) value for teachers'
age is 15.32 with 6 degrees of freedom, exceeding the critical value at the 0.05 level (12.592) but
significantly below the critical value at the 0.01 level (16.812). This shows a statistically significant
relationship between age groups and teachers' attitudes about ARA at the 0.05 level (Alalwan et al.,
2020), but not at the severer 0.01 level (Sulisworo et al., 2021). The p-value of 0.018 confirms this
significance, indicating that there are significant differences in behavioral reactions to ARA across
age groups, though the significance of the relationship is mild. Factors such as age-related differences
in teachers' interest in adopting technology, along with concerns or fears related to digital fraud,
could also contribute to this variation.
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The overall chi-square analysis in the table (x?=800.47, df=3, p<0.00001) with the p-value being
practically zero (=2.2x10717%) reveals an overwhelmingly significant departure from a uniform
distribution of teachers’ behavioural levels, far exceeding the critical thresholds at both the 0.05
(7.815) and 0.01 (11.345) significance levels. When combined across all demographic factors like
gender, school location, school type, academic stream, qualification, and age, the uniformly large chi-
square value underscores that these characteristics exert a powerful influence on how teachers adopt
and engage with augmented-reality applications in educational settings (Alalwan et al., 2020;
Ghobadi et al., 2023; Nizar et al., 2020; Peikos & Sofianidis, 2024; Saez-Lopez et al., 2020; Suhaimi et
al., 2022; Sulisworo et al., 2021).

The bar and line graph of Figure 20 is showing the comparison of Chi-square and p-values for
six variables. Stream of school shows the strongest association (x?=26.03, p=0.0001), indicating high
statistical significance. All p-values are below 0.05, suggesting significant relationships between each
variable and the outcome being analyzed.
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Figure 20. Chi-square and p-values of various variables of teachers’ behaviours towards ARA.

The well-structured explanation of the data presented in Table 9 regarding the significant
differences in the behaviors of teachers toward Augmented Reality Applications (ARA), using
independent-sample t-tests to compare across various demographic groups:

Table 9. Significant difference regarding the behaviours of teachers on Augmented Reality Applications (ARA)
in which t-tests were used to calculate the significant difference between the two groups (variables). The table
presents the Mean (M), Standard Deviation (SD), Standard Error of the Mean (Sem), Number of Adolescents (N),
Standard Error of the Difference (Sep), Degrees of Freedom (df), and the t and p values for the gain scores of

variables of teachers.

Variables Mean Sem N SD Sep df t- p-

value  value

Gender Male Mi: 71.06 Sem: 0.63 N1 237 SD: 977 0.828 728 0.2503 0.8024
Female Mz 70.85 Semz 049 N2 493 SD: 10.79

Location Urban Mi 7033 Semn 047 N1 531 SD: 1093 0.867 728 24879 0.0131
Rural M2 7249 Semz 0.63 N2 199 SD2 893

Types of Government Mi 7127 Semt 056 N1 306 SDi 988 0.785 728 0.7721 0.4403
Organisations Private M2 70.67 Sem2 053 N2 424 SD:2 10.87

Academic Science Mi: 7090 Sem: 0.64 N1 312 SD: 11.22 0783 728 0.0413 0.9670

Streams

Arts M2 7093 Sem2 048 N2 418 SD2 9.87

Designation TGT Mi 7063 Semn 1.01 Ni 121 SD: 11.13 1.042 728 0.3348 0.7378
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PGT Mz 7098 Sem2 042 N2 609 SD:2 10.33
Experience High M: 6895 Semt 103 N: 92 SDi 989 1165 728 1.9389 0.0529
Experience

(41-60 years)
Low M2 7120 Sem2 042 N2 638 SD:2 10.52
Experience

(20-40 years)

The table shows behavioral scores of male and female teachers regarding the use of ARA, are
compared using an independent-sample {-test. The mean score of male teachers is 71.06, while female
teachers score slightly lower with a mean of 70.85. The calculated t-value is 0.2503, which is
significantly lower than the critical values at both 0.05 and 0.01 significance levels (1.96 and 2.58
respectively), with 728 degrees of freedom. Additionally, the p-value of 0.8024 is much greater than
0.05, indicating that the difference is statistically non-significant. This suggests that gender does not
have a significant impact on teachers’ behavior toward AR applications (Mercader & Duran-Bellonch,
2021). In terms of residential background, rural teachers shows a higher mean behavioral score (72.49)
compare to urban teachers (70.33). The calculated ¢-value in this comparison is 2.4879, which exceeds
the critical value at the 0.05 level (1.96) but falls slightly below the threshold at the 0.01 level (2.58)
which is similar to the study of Dutta et al. (2022). With 728 degrees of freedom, the p-value is 0.0131,
which is less than 0.05. This indicates a statistically significant difference at the 5% level, suggesting
that rural teachers exhibit more favourable behaviors toward the adoption of AR applications than
urban teachers (Asokan & Ponnusamy, 2023). So far the type of school are concerned, the government
and private school teachers reveal a negligible difference in behavior toward ARA, with mean scores
of 71.27 and 70.67 respectively. The t-value is calculated at 0.7721, which is much lower than the
critical values at both 0.05 and 0.01 levels. The p-value is 0.4403, which is considerably greater than
0.05, thereby indicating that the observe difference is not statistically significant. Hence, the type of
school affiliation does not appear to influence teachers’ behavioral responses to AR (Asiri & El-aasar,
2022). Similarly, the teachers with academic backgrounds in Science and Arts shows almost identical
behavior toward AR applications, with mean scores of 70.90 and 70.93 respectively. The t-value is
extremely low at 0.0413, and the p-value is 0.9670 —well above the standard significance thresholds.
These results strongly suggest no significant difference between Science and Arts teachers in terms
of their behavioral engagement with AR, reflecting a uniform attitude across disciplines (Meccawy,
2023). Correspondingly, behavioral responses based on teaching designations (TGTs and PGTs) also
reveal minimal differences. TGTs have a mean score of 70.63, whereas PGTs score 70.98. The t-value
of 0.3348 is much lower than the critical values, and the p-value of 0.7378 far exceeds 0.05. Thus, no
significant difference is observed between TGTs and PGTs, indicating that teachers' designation
levels do not substantially affect their behavioral orientation toward AR usage (Anju & Thiyagu,
2023). The final comparison examine the role of teaching experience. Teachers with higher experience
(41-60 years) have a mean score of 68.95, slightly lower than those with less experience (2040 years),
who score 71.20. The t-value of 1.9389 is just below the critical value at the 0.05 level (1.96), and the
p-value of 0.0529 is just above 0.05. This places the result in a marginal or borderline non-significant
zone. Although not statistically significant, the finding does suggest a possible trend where less
experienced teachers may be somewhat more open or favourable toward AR applications, possibly
due to higher digital exposure or training (da Silva et al., 2019).

However, only the statistically significant difference observed in this study and was based on
residential background, with rural teachers showing more positive behavior toward ARA use than
urban teachers (Liao et al., 2024; Wang et al., 2024). All other variables; gender, school type, academic
background, designation, and experience does not show significant differences, although teaching
experience approaches significance. These findings suggest that while demographic factors may play
some role, particularly geographical location, most teachers across groups share similar behavioral
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tendencies toward adopting AR in education (Berson et al., 2018; Buchner et al., 2022; Dickmann et
al., 2019; Ratmaningsih et al., 2024).

The graph in the Figure 21 showing bell-shaped curve in which vertical dashed lines
representing the t-values for each variable in different colours. This visualization clearly representing
how extreme each t-value is, indicating the strength of statistical evidence.
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Figure 21. Teachers’ behaviour on ARA through t-test across gender, location of schools, categories of school,

streams of school, qualification and experience.

3.4. Hypothesisa

The results of Hypothesiss evaluated the significant level of relationship among the teachers' in
terms of practices attitudes and behaviour on augmented reality applications (ARA). This evaluation
included an analysis of the correlation of respondents based on their gain scores.

Table 10 presents the results of multiple correlation analysis among teachers’ perception,
attitudes, and behaviors regarding the use of ARA. The findings reveal significant positive
correlations between all three domains. Specifically, teachers’ perception of ARA is moderately
correlated with their attitudes (r=0.34, p<.001) and shows a weaker but still significant correlation
with their behaviors (r=0.21, p<.001). The strongest relationship observed is between teachers’
attitudes and their behaviors (r=0.63, p<.001), suggesting that more favourable attitudes are closely
linked to higher engagement or positive behavioral responses toward ARA. These results imply that
attitudes may serve as a key mediator between perception and behavior (Nikou et al., 2024b; Sakir,
2025). The overall coefficient of multiple correlation (R) is 0.39, indicating a moderate combined effect
of perception and attitudes in predicting teachers' behavioral tendencies towards using AR. This
suggests that while both perception and attitude are important, additional factors may also influence
behavior, warranting further exploration (Castafio-Calle et al., 2022; Khukalenko et al., 2022; Mota et
al., 2018).

Table 10. Multiple Correlation among the teachers' perception, attitudes and behaviours regarding augmented

reality applications (ARA).

Multiple Correlations Coefficient

Domain of Teachers Perception of Attitudes of Behaviour of
Teachers on ARA Teachers on ARA Teachers on
ARA
Perception of Teachers on Correlation r 1.00 0.34 0.21
ARA
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Sig. (2-tailed) - p <.001 p<.001
N 730 730 730
Attitudes of Teachers on Correlation r 0.34 1.00 0.63
ARA
Sig. (2-tailed) p<-001 - p<-001
N 730 730 730
Behaviour of Teachers on Correlation r 0.21 0.63 1.00
ARA
Sig. (2-tailed) p<-001 p<.001 -
N 730 730 730

Coefficient of Multiple Correlation (R) = 0.39

In the Figure 22, line graph showing the correlations between teachers' perception, attitudes, and
behaviour on ARA. Each line represents how one domain correlates with the others. The strongest
correlation is between attitudes and behaviour (r=0.63), indicating a strong relationship between
what teachers feel and how they act.
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Figure 22. Correlations between teachers' perception, attitudes, and behaviour on ARA.

Table 11 presents the results of independent samples t-tests conducted to assess whether there
are significant differences between the three core variables —perception, attitudes, and behaviour of
teachers towards augmented reality applications (ARA). These comparisons offer insights into how
distinct or aligned these psychological constructs are in the context of educational technology
adoption.

Table 11. Significant difference regarding the perception, attitudes and behaviour of teachers on Augmented
Reality Applications (ARA) in which t-tests and F test were used to calculate the significant difference between
the two groups and among the three groups (variables). The table presents the Mean (M), Standard Deviation
(SD), Standard Error of the Mean (Sem), Number of Adolescents (N), Standard Error of the Difference (Sep),

Degrees of Freedom (df), and the t and p values for the gain scores of variables of teachers.

Variables Mean Semi N SD Sep df t-value p-value

Perception Mi 51.96 Sem1 0.47 730 SD1 12.82 0.461 729 44.6612 <0.0001
Attitudes M2 72.53 SeM1 0.27 SD2 7.41
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Perception M 51.96 Semt 0.47 730  SD1 12.82 0.547 729 34.6312 <0.0001

Behaviour M2 70.92 Sem1 0.39 SD2 10.46
Attitudes M 72.53 SEm1 0.27 730 SD: 7.41 0.304 729 5.2867 <0.0001
Behaviour M2 70.92 SeM1 0.39 SD2 10.46

The comparison between perception and attitudes of teachers towards ARA reveals a substantial
and statistically significant difference. The mean score for perception is 51.96 (SD=12.82, Sem=0.47),
while for attitudes, the mean is much higher at 72.53 (SD=7.41, Sem=0.27). The calculated t-value is
44.6612, which is far greater than the critical values at both the 0.05 and 0.01 significance levels (1.96
and 2.58 respectively). The associated p-value is <0.0001, indicating a highly significant difference
between perception and attitudes. This implies that while teachers may be aware of or perceive AR
in a certain way, their attitudes toward its actual implementation are far more positive and
favourable. The comparison between teachers' perception and their actual behaviour regarding ARA
use also shows a statistically significant difference. The mean for perception remains at 51.96
(SD=12.82, Sem=0.47), while the mean for behaviour is significantly higher at 70.92 (SD=10.46,
Sem=0.39). The calculated t-value is 34.6312, which again surpasses the critical thresholds of
significance, and the p-value is <0.0001. This suggests that although teachers may have moderate
perceptions of AR, their actual behaviors or engagement with AR tools are considerably more active
or positive, possibly due to institutional support, peer influence, or personal interest once the
technology is experienced which is similar to the study of Abed (2021). The final comparison—
between attitudes and behaviour reveals a moderate yet significant difference. Attitudes (M=72.53,
SD=7.41, Sem=0.27) are slightly higher than behaviour (M=70.92, SD=10.46, Sem=0.39), with a t-value of
5.2867 and a p-value <0.0001. Though this difference is statistically significant, it is less pronounced
compared to the previous two comparisons. This result indicates a closer alignment between what
teachers feel about ARA and how they actually use it, suggesting that attitudes are a stronger
predictor of behavior in this context (Asokan & Ponnusamy, 2023; Dirin et al., 2019).

Overall, the findings from Table 11 highlight significant gaps between teachers’ perceptions,
attitudes, and behaviors toward ARA. The most notable gap exists between perception and both
attitudes and behavior, suggesting that initial understanding or awareness of AR might be limited or
cautious. However, once attitudes are formed possibly through exposure or training they tend to
translate more directly into behavior. These results underscore the importance of improving
awareness and training programs that can positively shift perception and, in turn, support favourable
attitudes and active usage of AR tools in educational settings (Anju & Thiyagu, 2023; da Silva et al.,
2019).

The bell curve of Figure 23 shows f-values for teacher comparisons on ARA. High t-values 44.66
(Perception and Attitudes), 34.63 (Perception and Behaviour), and 5.29 (Attitudes and Behaviour)
indicate statistically significant differences. All lie far in the tails, showing strong evidence of
differences in perceptions, attitudes, and behaviours regarding ARA.
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Figure 23. Teachers” perception, attitudes and behaviour on ARA through t-test.

Table 12 presents the results of a one-way ANOVA conducted to examine whether there are
statistically significant differences among teachers’ perception, attitudes, and behaviour regarding
ARA. The analysis compare the means of these three domains across 2,190 observations. The F-value
computed is 871.5964, which is far greater than the critical F-value at both the 0.05 and 0.01
significance levels for degrees of freedom (df) between groups=2 and within groups=2187. The given
F(2, 2187)=871.60, p<0.001 (p=0.000) associated values, indicating an extremely low probability of
obtaining such a result by chance, and effectively confirming that the differences among the group
means are highly statistically significant. Since the p-value is less than the conventional alpha level of
0.05, the null hypothesis (Ho), which posits that there is no difference in the means of the three
variables, is rejected. This implies that at least one of the variables perception, attitude, or behaviour
differs significantly from the others in terms of mean score. Moreover, the very small p-value strongly
supports the alternative hypothesis (Hi), suggesting that the observed differences are not due to
random variation (Suhaimi et al., 2022; Tzima et al., 2019). The F-value of 871.6 lies far outside the
acceptance region (which ranges from 0 to approximately 2.9998 at 95% confidence), further
reinforcing the statistical significance of the result. However, this test provides robust evidence that
teachers’ perceptions, attitudes, and behaviours regarding ARA are significantly different from one
another, highlighting the need to address these domains independently in training or
implementation strategies (Abed, 2021; Ewais & Troyer, 2019; Faqih & Jaradat, 2021; Habig, 2020;
Ibafiez et al., 2020; Lampropoulos et al., 2022; Meng et al., 2024; Uygur et al.,, 2018; Ventrella &
Cotnam-Kappel, 2024).

Table 12. The Sum of Squares (SS), Degrees of Freedom (df), Mean Square (MS), F-values, and critical values
were obtained from the scores of teachers regarding their perception, attitudes and behaviour on augmented

reality application (ARA).

Domain Source of Variation SS daf MS F value p value

Teachers’ perception, attitudes and Between Groups 191036.2556 2 95518.1278

behaviour on ARA Within Groups 239673.0137 2187 109.59 871.5964  <0.001

Corrected Total 430709.2693 2189 196.76

This graph (Figure 24) illustrates the results of ANOVA for teachers’ perceptions, attitudes, and
behaviours on ARA. The Between Groups variation (S5=191,036) is substantial compared to Within
Groups (55=239,673), resulting in a highly significant F-value (871.60, p<0.001), indicating strong
group differences.
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Figure 24. One Way ANOVA test, using F distribution.
3.5. Hypothesiss and Research Questions

Qualitative Analysis of Research Questions

To gain insights into the research questions, various open-ended questions were posed to
teachers through semi-structured interviews. The primary emphasis was placed on four key
questions that aligned with the core objectives of the study. Both in-person and online interview
methods were employed to ensure wider participation, covering all 28 states and 8 Union Territories
of India, with a minimum of three participants from each region. A total of 88 teachers participated
in the interviews, consisting of 31 males and 57 females. The participants were selected based on their
willingness to contribute and represented diverse academic streams, geographic locations, and types
of schools. While some interviews were conducted face-to-face, others were facilitated online through
invitations sent via email. Each interview, whether conducted in person or virtually, lasted between
20 to 30 minutes. The responses were analyzed using a qualitative research method known as
thematic analysis, which helped in identifying and interpreting key themes across the data (Turhan
et al.,, 2022). A detailed profile of the interview participants is provided in Table 13.

Table 13. This table presents the thematic analysis of participants’ statements regarding their perceptions,

attitudes, and behaviors toward the use of Augmented Reality (AR) applications.

Theme Summary Sample data as examples

Thematic analysis of the participant’s based on the given questions

RQL1. What are the strategies that you think suitable for using Augmented Reality applications in the classroom situation?

Basic factors and Limited knowledge, lack of R19, R33: ‘I have seen AR being used in various videos several

suitable strategies for interest, and low motivation times, but I still don’t fully understand how it is applied in

using Augmented influence Indian  school practice......since I teach in a rural school, neither the
Reality applications in  teachers' perceptions, administration nor my fellow teachers show much interest in
the classroom. attitudes and behaviours of exploring new ideas or technologies.’

augmented reality

applications in educational R1, R11, R70:".... strategies for using AR in normal classroom is

settings. difficult... ..... according to me teachers can use their own

mobile if they are familiar to use AR in the class room
situation... ...it totally depends upon the will power and interest

of the teachers...."

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202506.2493.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 1 July 2025

37 of 62

Passionate teachers can apply
various approaches in the
classroom, such as Bring Your
Own Device (BYOD) or Use
Your Own Gadgets (UYOG),
group activities using a single

device, and pre-downloading

AR content.

Through parent-teacher
meetings (PTMs), teachers
can raise awareness and

encourage parents to use AR

at home.

R20, R81, R88, R57: “....in my school, most teachers are not
interested in exploring new knowledge......since I have some
basic understanding of using AR....... I use my own smartphone
and divide the class into small groups, allowing each group 5
minutes with the AR activity....... group-based approach by
using a single device, I am able to make my classes more

engaging and interactive with AR

R79, R31: ‘Although using AR in our school is challenging, I
make an effort to incorporate it whenever possible...... due to
poor internet connectivity, I download AR models for my
subject in advance, allowing me to teach without relying on an

internet connection.’

R5, R61: “If a teacher is personally interested in using AR, they
can effectively use their own mobile device.....any compatible

gadget to benefit the students.”

R2, R10: “...... if teachers are aware about the AR then they can
simply use BYOD (Bring Your Own Device) approach for their
learners...... it’s all about how passionate you are in the teaching

profession...”

R12: ‘Instead of having traditional way of teaching teachers can
easily use their own smartphone i.e. UYOG (Use Your Own

Gadgets) for applying AR in their class room situation.’

R4, R87: “...there are many free Apps for AR for all types of
subjects....... if teachers are aware they can without difficulty

use it by their smartphone in the class....”

R53, R38: “....teachers who are aware about the use of AR they
can use it in many ways; .....I believe smartphone is the suitable

way to make friendly use of AR for teaching process in the class.”

R28, R65, R47:“.....teachers' knowledge alone is not enough for
the effective use of AR with students; ....I believe parents
should also be aware of AR.....we can invite parents to attend

AR demonstrations during parent-teacher meetings (PTMs)..."

RQ2. What types of disadvantages or challenges do you face while using Augmented Reality (AR) applications?
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Challenges and
limitations that faced
by teachers while
using AR applications

in the classroom.

Multiple challenges faced by
the teachers in using AR,
including poor infrastructure,
software and  hardware
issues, power shortages, and
lack of proper equipment
which significantly influence

their perceptions, attitudes,

and  behaviors  toward
augmented reality
applications ~ in  Indian
educational settings.

Younger teachers are

generally tech-savvy, many
older teachers struggle to
updating their skills and these
demographic factors
influence teachers’ attitudes
towards

adopting  new

educational technologies.

R26, R3: “...the main problem of using AR in our school is
unavailability of required devices which support to run
AR....... in our school there is a big problem of lack of

infrastructure, no one is ready to support implementation cost.”

R80, R36, R63: “......... no doubt it is infrastructural issues

including network...... infrastructure is not
available.....technological challenges can disrupt the learning

process.....

R9, R83: ‘In our school few teachers are interested to use AR or
other technology-based teaching approach but due to power
shortages internet does not work properly and the interested
use their own

teacher become demotivated........ teachers

internet which are there in their smartphone.’

R55, R7: “due to lack of proper equipment in the classroom we

cannot even think to use any ICT based
tools......... technological issues, projection problems, light or

sound system issues etc.’

R84, R25, R8: ‘High costs of implementation.....high cost of
technological inhibitions, privacy and security....... software

glitches, hardware malfunctions and connectivity problems.”

R42, R66: ‘In our school the young teachers are quite aware
about the use of technology like AR...... they have been using
based on their own interest but many experienced and old
teachers they do not want to update their knowledge in any

sphere.”

R31, R19, R70: “....the high implementation cost, along with
technology and skill gaps, makes AR use uncommon in many
cases......... resource scarcity and competing priorities further
limit its adoption.......... creating AR content is often
customized and expensive, and the lack of expertise makes it
difficult to align with specific topics. Currently, I have no

experience using AR in the classroom....

R82, R14: ‘“The presence of skilled teachers who can effectively

use technology is absolutely essential........our school faces a
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Administrative support is
lacking, and some teachers
fear using technology —even

smartphones.

Teachers are concerned about
data privacy, personal safety,
health issues, completing the
and

syllabus on time,

effectively integrating diverse

learners within the same
classroom.
Teachers’ are also worry

about students will be getting

distracted from their
academic goals due to
excessive screen time,

developing binge-watching
habits, Social isolation, and
showing reduced interest in
reading books and writing

answers.

significant lack of administrative support for implementing

such technological initiatives.”

R39, R86, R71: “At our school, most teachers prefer traditional
teaching methods and show little interest in updating their
knowledge....... neither participate in training programs nor
engage in self-study, which leaves them unfamiliar with
modern technology......... many are even afraid to use their
smartphones and struggle to build the confidence needed to

integrate technology into their teaching.’

R77, R44: ‘Classroom arrangement is a major issue when using
AR in my class.....the disadvantages I have faced while
teaching with Augmented Reality (AR) include data privacy
concerns, hardware storage limitations, and potential social

isolation, along with compatibility issues.”

R6: “While using augmented reality in the classroom, it becomes
quite difficult to integrate all types of learners into a single

lesson.’

R29, R52: “...due to health, safety, and data privacy concerns, I
often avoid using technology-based teaching-learning materials
(TLMs)...... the use of technology can also have societal impacts

and may lead to social isolation....."

R62, R75: “...... my concerns include technical limitations,

hardware issues, health and safety risks, high
costs....... technological barriers, and privacy and security

concerns...."

R49, R78: “The use of AR technology often promotes distractions

among learners....... diverting them from their academic

R34, R16: “....I believe such applications pose a risk of creating
dependency on technology, resulting in reduced interest in

reading books and....... writing answers among the learners...."

R76, R60: ....to the best of my knowledge, it may lead to

addiction to digital devices...... raise cost-related concerns.....
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RQ3. Do you have any suggestions or expectations regarding Augmented Reality (AR) applications for the improvement

of their overall usage?
Suggestions and
expectations

regarding the use of

Augmented Reality in

classroom settings.

Adequate resources include

supportive  devices  and
updated software necessary
to run AR-based programs
effectively in institutions
regardless of their place or
location to foster teachers’

behaviour on AR.

Administrators should

provide support by
organizing training programs
focused on the use and
implementation of

Augmented Reality (AR) in

education.

Awareness  programs  on

health, data security, and
privacy should be conducted
not only for teachers but also
for learners to ensure

responsible and safe use of

technology.

Technology and AR-based

programs should be

R21, R40: ‘Institution need to focus on availability of resources,
administrative support, training opportunities etc.....there must

have the need for teacher training.....

R45, R73: ...Teacher should be trained to use AR in the class

room situation....updated always.....

R15, R59: “....private institution can easily purchase tablet or
mobile from the school fund...... can teach by different topic in

interesting way by using AR through tablets in rotation wise....”

R17, R58, R85: “....in rural schools technology and education
system must be improved........ the devices should be more

affordable.... keep strong internet and trainings......

R35, R69: “....proper planning and support, AR can still be a

valuable tool for enhancing teaching and learning

experiences....."

R56: ‘Increase digital involvement among the teachers.”

R67, R30: ‘We need to propagate peer influence, student
engagement....... engaging and interactive for students of all

ages.’

R24, R50: “....by addressing technology-based aspects, AR
applications can continue to evolve and improve, providing
users with more engaging, accessible, and effective learning
experiences........... prioritize user privacy and data security,
adhere to ethical guidelines, and mitigate potential risks
associated with AR technology, such as addiction and

’

misinformation........

R13, R74:".....awareness should be spread about the proper use
of AR in the classroom, Schools and institutions should
encourage the use of this technology......we should aware of AR

and how to use it in the classroom situation ...."

R32, R68: “.....it has to be the part of curriculum for learning the

plugin points......make it an essential part of curriculum.....”
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integrated into the
curriculum  as  essential
components of  modern

education.

R43: “......provide educators with the ability to customize AR
content to better suit their specific curriculum and instructional

goals....

R51: ‘I think Augmented Reality app should be more reliable on

knowledge and easy to use.’

RQ4. Specify your area of specialization (Subject) & mention the problems and prospects, if any, regarding the use of

Augmented Reality applications in your specific area of teaching.

Subject-wise ~ major
issues in using
Augmented Reality.

Teachers  express  mixed
opinions about integrating
AR into the teaching-learning
process. Some teachers of
Mathematics, Science, Social
Science, and Language use
AR without facing major
issues, while others in the
same subjects’ encounter
challenges, particularly when
applying AR to practical or

application-based topics.

R18, R64: ‘In Mathematics I do not face problem of using
AR......problem includes aligning AR content with specific
concepts. Prospects include visualizing shapes and interactive

problem-solving...”

R27: ‘Issues of ensuring accurate models and content in my
science subject in terms of virtual experiments and historical

simulations.”

R72, R41: ‘.....my mother subject is biology, as I am not using
these technologies on daily basis....... I am not facing major

problems regarding classroom teaching.....

R37, R46: ‘“There is a big challenge of finding effective literacy-
enhancing AR regarding immersive storytelling and vocabulary
building........while teaching my subject use of AR can be quite

useful.”

R22, R54: ‘....sourcing accurate content and cultural sensitivity
are the major challenges of using AR on social science
subjects.......... focusing on virtual tours and historical event

simulations....”

R23, R48: “....since music is a bit of a practical work, it's a matter
of the need of the AR in the music class that some theoretical
ones that may be the historical context or they need it when
discussing that topic......if there is no such equipment in the
class to think about those things, it becomes an easier to give

thatidea....”

Table 13 (RQ1) clearly reflects the basic factors and suitable strategies for using Augmented

Reality (AR) applications in the classroom. The interview data reveal that Indian school teachers’
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perceptions, attitudes, and behaviors toward AR integration are significantly shaped by limited
knowledge, lack of interest, and low motivation (Marrahi-Gomez & Belda-Medina, 2022). This is
especially evident among educators in rural areas, who often express uncertainty about the practical
application of AR despite having encountered related content online (Asokan & Ponnusamy, 2023).
Some teachers admitted facing barriers to AR adoption, primarily due to the absence of support and
encouragement from school administrators and colleagues (Theodorio et al., 2024). Nonetheless,
several participants indicated that while implementing AR in regular classroom settings is
challenging, it is achievable when teachers are self-motivated and resourceful. Effective strategies
included the use of personal smartphones, dividing students into small groups, and implementing
group-based AR activities to navigate infrastructural and technological constraints. These findings
underscore the urgent need for structured professional development and institutional backing,
particularly in underserved regions (Mena et al., 2023; Rawat, 2025). Passionate and tech-savvy
teachers often employed flexible approaches such as Bring Your Own Device (BYOD) or Use Your
Own Gadget (UYOQG) to facilitate AR use. In areas with poor internet connectivity, some teachers
pre-downloaded AR content in advance to ensure uninterrupted classroom use. The data highlight
the critical role of intrinsic motivation in successful AR integration. Even without formal training, a
basic understanding of AR tools, coupled with personal interest and adaptability, enabled teachers
to incorporate AR effectively. Moreover, many educators emphasized the importance of parental
awareness and involvement in reinforcing AR-based learning at home. They recommended proper
Parent-Teacher Meetings (PTMs) as opportunities to demonstrate AR tools and foster parental
support (Nitza & Roman, 2017).

Table 13 (RQ:2) presents the various challenges and limitations experienced by teachers while
using AR applications in educational settings. The data clearly reveals that numerous barriers hinder
the effective integration of AR in classrooms, significantly influencing teachers’ perceptions,
attitudes, and behaviors toward its adoption like the study conducted by Alkhattabi (2017). One of
the primary challenges is the lack of infrastructure in schools. Many institutions do not have the
required devices or technological resources to support AR applications. The unavailability of
essential hardware, projection tools, sound systems, and other equipment prevents teachers from
even considering the use of ICT-based tools. Additionally, software and hardware malfunctions,
network connectivity problems, and power shortages further disrupt the learning process. In several
instances, even interested teachers become demotivated due to unstable internet connections and
unreliable power supply. Some teachers resort to using their personal mobile data to keep the
technology functioning during class, which is neither sustainable nor encouraged. The high cost of
AR implementation is another major constraint. Most schools lack funding and administrative
support to bear the expenses of infrastructure development and technological tools. The cost of
creating customized AR content is particularly high, and due to a lack of in-house expertise, aligning
content with the curriculum becomes a significant challenge. Resource scarcity, competing academic
priorities, and budgetary constraints contribute to the limited adoption of AR in classrooms. Teacher
readiness and demographic disparities also influence AR adoption. The data suggests that younger
teachers tend to be more tech-savvy and open to using AR-based teaching methods (Gajbhiye, 2024).
However, many older and more experienced teachers struggle to update their skills alike (Thakur &
Sulaiman, 2024; Theodorio et al., 2024) and show little interest in learning new technologies like the
studies of Kéroglu (2025), and Ates and Garzén (2023). Several educators avoid training programs
and self-study, resulting in a persistent technology gap, some even express fear or discomfort in using
basic devices like smartphones, highlighting a lack of confidence in integrating technology into their
teaching practices (Igbal & Bhatti, 2020). Administrative support is often lacking, leaving teachers
without the necessary encouragement or training opportunities. In many schools, a traditional
mindset prevails where educators prefer conventional teaching methods and resist innovation.
Furthermore, classroom arrangements often do not support the use of AR tools effectively, creating
practical difficulties in lesson execution. Additional concerns raised by participants include data
privacy, health and safety risks, technological dependence, and the potential for social isolation
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(Alagood et al., 2023). Teachers worry that students may become overly reliant on technology,
leading to reduced interest in reading books and writing answers. Excessive screen time may also
contribute to distractions, binge-watching habits, and a decline in academic performance
(Chakraborty & Thakur, 2024; Raza et al., 2021). The integration of diverse learners within a single
AR-based lesson is another significant challenge, often requiring advanced customization and
support that is currently unavailable in most schools. However, while some teachers demonstrate
enthusiasm and potential for using AR in education, the lack of infrastructure, high costs, skill gaps,
administrative indifference, and socio-psychological concerns act as significant barriers to the
widespread adoption of AR in Indian classrooms (Chavez-Perez & Iparraguirre-Villanueva, 2025;
Gasteiger et al., 2022).

Table 13 (RQs) presents a variety of suggestions and expectations shared by participants
regarding the integration of AR in classroom settings. A common theme that emerges is the necessity
for adequate institutional resources, such as supportive devices and up-to-date software, to enable
the effective implementation of AR regardless of geographical location. Participants emphasize the
importance of administrative support, consistent availability of resources, and regular training
opportunities to encourage and sustain positive teacher behavior towards AR. Many believe that
teachers must receive continuous training to stay updated and proficient in using AR tools in real
classroom scenarios. Some participants suggest that institutions can utilize school funds to purchase
tablets or mobile devices, which can be rotated among students to deliver interactive lessons. Others
highlight the need to improve technological infrastructure in rural schools, advocating for more
affordable devices, reliable internet connectivity, and structured training programs. Administrators
are encouraged to support educators by organizing focused training on AR application and
implementation. Participants also point out that with proper planning and institutional backing, AR
can significantly enrich teaching and learning experiences. There is a call to enhance digital
involvement among educators and to foster peer influence and student engagement, ensuring that
AR remains interactive and meaningful for learners across all age groups. Additionally, awareness
programs addressing health concerns, data security, and privacy are recommended for both teachers
and students to promote responsible and secure technology usage. This includes ensuring adherence
to ethical standards while addressing potential risks such as technology addiction and
misinformation. Several participants underscore the need to raise awareness about the appropriate
use of AR in classrooms and believe schools should actively encourage its adoption. Furthermore,
there is a strong consensus that AR and technology-based programs should be embedded into the
curriculum as vital components of contemporary education (Thanya, 2025). A few contributors argue
that AR applications should not only be part of the curriculum but also allow for customization,
enabling educators to tailor AR content to meet specific instructional objectives. Overall, participants
express a shared vision that through institutional commitment, strategic planning, and educator
empowerment, AR has the potential to become a transformative educational tool that enhances
curriculum delivery and fosters more engaging and effective learning environments (Liu et al., 2023;
Radu et al., 2022).

Table 13 (RQ4) highlights subject-wise major issues in using AR, revealing that teachers hold
mixed views on its integration into the teaching-learning process. While some educators across
disciplines like Mathematics, Science, Social Science, and Language report successful implementation
of AR without significant challenges, others teaching the same subjects face notable difficulties,
especially when dealing with practical or application-based topics. In Mathematics, for instance,
several teachers note that AR is helpful for visualizing geometric shapes and facilitating interactive
problem-solving, though aligning AR content precisely with specific curriculum concepts remains a
common challenge. In Science, some participants express concerns about the accuracy of virtual
models and simulations, particularly in conducting virtual experiments or illustrating scientific
processes. Biology teachers, however, mention using technology occasionally and report no major
difficulties in classroom implementation. In Language teaching, a few educators identify difficulties
in sourcing effective AR content that supports literacy development, such as immersive storytelling
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and vocabulary enhancement. Social Science teachers raise concerns regarding the accuracy of
historical content and the need for cultural sensitivity, especially when using AR for virtual tours or
reenactments of historical events. Music teachers, on the other hand, acknowledge that AR is
particularly useful when addressing theoretical aspects, such as historical background or conceptual
discussions, especially in the absence of physical instruments. In such cases, AR serves as an effective
tool to bridge gaps and convey abstract ideas more vividly. Overall, the subject-wise application of
AR presents varying experiences, influenced by both content-specific requirements and available
resources (Gusteti et al., 2025).

The qualitative findings in Table 13 clearly focused on a multifaceted view of AR integration in
Indian classrooms, especially through the lens of teacher perceptions, attitude and behaviour. The
first and second research questions (RQ1, RQ2) were not only reflecting rural and semi-urban teachers'
significant engagement with AR, rather it was also showing how it was influenced by their limited
awareness, low motivation, institutional readiness, insufficient institutional support along with
infrastructural inadequacies, high implementation costs, lack of technical training, and institutional
inertia. These systemic barriers were enough to prove teachers gap in professional development
comparable to the studies (Oke & Arowoiya, 2021; Thangavel et al., 2025; Theodorio et al., 2024)
therefore, unless teachers are encouraged to develop their foundational knowledge and practical
exposure to AR, its adoption will remain shallow and unreliable. Equally, these broader challenges
in EdTech integration in developing regions need to reinforce about policy-level interventions and
sustainable investment in digital infrastructure (Huang et al., 2016; Jamrus & Razali, 2021; Manna,
2023). Interestingly, despite these all gaps, some teachers validated resilience and innovation by
employing adaptive strategies such as the Bring Your Own Device (BYOD), Use Your Own Gadget
(UYOG) approaches and group-based collaborative activities. These self-motivated practices pointed
out to the potential of grassroots-level agency in overcoming technological and monetary barricades,
although their scalability remains limited without proper institutional support and sustained funding
(Aggarwal, 2018; Holzmann & Gregori, 2023). The data related to RQs not only highlighted the
growing consensus on the need for administrative support, funding, teacher training programs,
parental involvement, and curricular integration for effective AR implementation, but also
emphasized how collaboration among stakeholders such as school leaders, families, and
policymakers can foster the development of a holistic and supportive educational ecosystem (Schina
et al,, 2025). However, discipline-specific disparities in the use of AR were evident in the data
corresponding to RQu. Subjects like Science and Geography reflected more positive perceptions,
attitudes, and behaviors toward AR, likely due to their inherently visual and spatial nature. In
contrast, other disciplines faced significant challenges, such as the lack of culturally relevant content,
model inaccuracies, and poor alignment with learning outcomes, which have limited AR's overall
effectiveness. To address these issues, there is a need for the development of context-sensitive content
and increased research in cross-disciplinary areas to optimize AR tools for diverse subjects and varied
learner needs (Basumatary & Maity, 2024; De-Lima et al., 2022; Marrahi-Gomez & Belda-Medina,
2022).

3.6. Major Findings

e  Majority of the teachers showed moderate to high perception levels toward ARA in which
females revealed higher gain scores than males, indicating significant gender differences.
Similarly significant perception differences were also observed by school category, stream,
designation and qualification, while age, location, and experience showed no effect.

e  Maximum number of teachers exhibited high to very high attitudes toward ARA, with females
scoring significantly higher, reflecting gender-based differences. Attitudes also varied
significantly by school category, and age, favoring females and private schools. However, no
significant differences were found across stream, qualification, designation, or experience,

indicating overall uniformity.
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e  Highest number of teachers demonstrated moderate to high behavior levels towards ARA, with
females showing higher engagement. Behavior significantly varied by gender, school location,
category, stream, qualification, and age, highlighting their influence on AR adoption. However,
only school location showed significant mean score differences; other factors showed no
significant impact.

e  Significant positive correlations exist among teachers’ perception, attitudes, and behaviour on
ARA, indicating interconnectedness. Additionally, distinct mean differences were found across
these domains, reflecting varied levels of perception, attitude, and behaviour. Overall, a highly
significant difference highlights meaningful variation in how teachers engage with ARA across
these areas.

e  Qualitative findings reveal that AR integration in Indian classrooms faces barriers like limited
awareness, low motivation, poor infrastructure, and lack of training. Despite this, teachers show
resilience through adaptive strategies. Effective AR use requires administrative support,
funding, training, collaboration, and development of discipline-specific, culturally relevant

content.

4. Discussion

In the preliminary calculation the data revealed (Tables 1, 2, 4, 5, 7 and 13 ra1,23) that across the
different level, the female teachers’ perception, attitude and behaviour were higher compare to the
male (Koroglu, 2025; Putiorn et al., 2018; Sakir, 2025). This trend was reflecting through quantitative
as well as qualitative insight by indicating that the female teachers were not only more interested
rather they were too curios to accept the integration of technology in the form of AR and this is similar
to other researches such as Asokan and Ponnusamy (2023), Cabero-Almenara et al. (2019a), and, Dirin
et al. (2019). Though few studies revealed greater openness, sincerity, seriousness and adaptability
among male teachers towards adopting AR tools (Tripathy & Panda, 2021; Wyss et al., 2022).
Surprising study also found (Tables 3, 6 and 9) no knowledge gap and no diverse perception,
attitudes and behaviour level among both male and female teachers regarding the use of AR and
technology due to the imbalanced distribution of scores in the groups e.g., more males in low
perception and close mean scores (Asiri & El-aasar, 2022; Dembe, 2024; Mercader & Duran-Bellonch,
2021). Since the male teachers were showing and reflecting lower engagement compare to female
teachers of using AR, and this gap about perception, attitude and behavior level truly guiding us to
apply gender-sensitive intervention strategies focusing on enhancing male teachers’ engagement
with incipient technologies (Gomez-Trigueros & Aldecoa, 2021; Meenakshi & Indu, 2025; Nikou et
al., 2024a).

However, this highly favourable or extremely skeptical positions of teachers strongly
recommending personalized capacity-building initiatives and supportive infrastructure more
positive engagement for male and female both the teachers (Abed, 2021; Tripathy & Panda, 2021).

So far the government and private schools are concerned, the teachers who were from private
schools showed higher perception, attitude and behaviour levels, especially in the high and moderate
ranges, compared to their government counterparts (Tables 2, 5, 8 and 13 res). On the other hand,
study (Tables 3, 6 and 9) found nearly identical perceptions and attitudes between government and
private teachers as the categories were diverse, the average perception levels showed minimal
variation (Akinradewo et al., 2025; Tzima et al., 2019). In this connection qualitative insight declared
the reasons like better infrastructure, access to digital tools, professional development opportunities,
and greater autonomy in private institutions. Therefore, there must have more investment and
awareness programs in government schools to enhance AR adoption (Liao et al., 2024; Mohamad &
Husnin, 2023; Wyss et al., 2022). Meanwhile study also revealed (Tables 2, 8 and 13rq4) that who were
science teacher, they demonstrated positive perceptions and stronger behaviour toward ARA in
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contract to the arts teachers (Cabero-Almenara et al., 2019b). Oddly the study found (Tables 3, 5, 6
and 9) no gap based on academic stream due to similar mean regarding the perception and attitudes
of Science/Arts teachers in different categorical levels (Almaleki, 2022; Dembe, 2024; Grinshkun et al.,
2021; Meccawy, 2023). Though the study clearly found that because of naturally aligns of AR with
visual and spatial content used in science education and limited AR content aligned with humanities
topics. Therefore, it is very much needed to promote AR content in non-science subjects by
developing AR tools with cross-disciplinary relevance and ensure cultural and pedagogical
alignment (Alkhabra et al., 2023; Algahtani, 2023; Chen, 2022; Thanya, 2025). Perception and behavior
level also influenced by qualification of the teachers in which TGTs revealed their higher usage and
openness toward AR whereas PGTs showed low level on perception and behaviour (Tables 2, 3, 8
and 13 r24) similar with the studies of Alalwan et al. (2020), and da Silva et al. (2019) but this present
study also found uniformity among the science and arts teachers regarding attitudes and behaviour
Tables 5, 6 and 9 (Salleh et al., 2023). However, this perception and behaviour level was undoubtedly
portraying the skills and training gap in digital pedagogy along with the lesser exposure at higher
qualification levels (Lampropoulos et al., 2022; Meenakshi & Indu, 2025; Thangavel et al., 2025; Uygur
et al., 2018). Teachers in both rural and urban settings along with all age groups (Tables 2, 3, 6 and
13ra1) revealed similar levels of perception and attitudes toward AR (Li et al., 2023; Sanchez-Obando
& Duque-Méndez, 2023). Though the urban and young teachers’ behaviour was too higher (Al-
Shahrani & Asiri, 2023a) whereas perception and attitudes had slightly higher frequencies in the high
category (Basumatary & Maity, 2024), and rural and older teachers were less adaptable about the
acceptance of educational technology, Tables 5, 8, 9 and 13rq2 (Alaméki & Suomala, 2021; Liao et al.,
2024; Miller & Liu, 2023). Since less experienced teachers revealed slightly greater behaviour to apply
AR due to being more open to and trained in newer technologies and it was similar to the studies
(Chang et al., 2022; Romano & Aedo, 2020). These advocates that geographical location and age to be
a determining factor about the use of AR. Though the combined result revealed highly significant,
indicating demographic factors especially gender, school type, academic stream, and qualification
which play a key role in shaping teachers' perceptions, attitudes and behaviour regarding AR
applications through integration (Bhattacharya et al., 2025; Dirin et al., 2019; Mercader & Duran-
Bellonch, 2021; Rahmiati et al., 2025). On the other hand, meaningful insights into the significant
relationships among teachers’ perceptions, attitudes, and behaviors regarding AR were also revealed,
Table 10 (Martin-Gutiérrez et al., 2015; Robles, 2017). In this context, teachers’ understanding of AR
was found to have a moderately positive influence on their attitude but only a weak positive
relationship with their behavior. Attitude emerged as a key mediator between perception and
behavior, suggesting that a positive mindset alone was insufficient for implementing AR, Table 11
(Eutsler & Long, 2021; Holly et al., 2021; Linus et al., 2025). Additionally, despite favourable attitudes,
a lack of deep perception and lagging behavior highlighted that the differences between the domains
(perception, attitude, behavior) were more significant than the variations within each domain (Tables
12 and 13res). Furthermore, external barriers such as technological limitations, policy gaps, poor
infrastructure, lack of training, absence of peer support, and inadequate administrative
encouragement contributed to the relatively low-to-moderate multiple correlation coefficient, which
may have dampened behavioral outcomes (Aguayo et al., 2017; Albishri & Blackmore, 2025; De-Lima
et al.,, 2022; Radosavljevic et al., 2020; Ratmaningsih et al., 2024; Sirakaya & Sirakaya, 2022). Therefore,
raising awareness about AR through comprehensive strategies could foster more positive impacts on
both attitude and behavior.

5. Conclusion

Undoubtedly, we have become increasingly technology-centric in today's world, and there is no
scope to deny this reality. Therefore, it is almost impossible to think of anything excluding
technology. In the present age, if students at the foundational level fail to develop a clear
understanding of subject concepts, they will not only lose interest in studying but also lose respect
for the learning process itself. Since all of us are connected to technology in some way, if we do not
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incorporate technology-based approaches to teach different subject concepts to our students or
children, they will miss out on the joy of learning. On the other hand, using technology we will not
only foster greater interest and curiosity among them, rather it will enhance both their engagement
and academic motivation. From our study, it is clearly evident that across the country, it is not just a
lack of knowledge but also a lack of interest among teachers that hinders the use of technology in
education. Therefore, to enhance teachers’ interest in using technology, it is essential first to raise
their awareness. This awareness will gradually improve their perception levels, which in turn will
strengthen their attitudes and positively influence their behavior. Ultimately, this will help foster a
mindset among teachers that is more open and willing to integrate technology into teaching.
However, to achieve this, proper training, institutional initiatives, motivation, and government
support are crucial. Our study makes a valuable contribution in this area and provides insights that
can inform implementation strategies and further research efforts. Additionally, investigating the
perspectives of both teachers and students, as well as the availability and usage of resources, will be
beneficial. These elements are interdependent and can significantly shape the success of technology
implementation. By enhancing our understanding of these issues, we can better support schools,
educators, policymakers, and educational technology developers. This will help promote the use of
Augmented Reality (AR) and other digital media tools for educational entertainment, thereby
contributing significantly to the broader goal of digitalizing education through edutainment. Still,
more research focusing on teachers’ perspectives is essential. Future studies should not only explore
internal and external factors affecting teachers but also consider in-depth peripheral factors at the
school and government level that influence the integration of technology in education. These include
support from school and government-level actors such as fellow teachers and administrators, and
policy makers whose assistance is vital for effective change.
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