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Abstract: In today’s educational landscape, students have access to enriched 

learning environments through augmented and virtual reality (AR/VR) 

applications. Effective digital learning depends on identifying the key factors and 

learner attitudes that influence engagement and task performance. We focused 

more on preservice teachers’ intentions to use AR/VR applications as instructional 

tools, guided by the Theory of Planned Behavior (TPB) framework. A total of 306 

preservice teachers participated in the Exploratory Factor Analysis (EFA), 286 in 

the Confirmatory Factor Analysis (CFA), and 341 in the Structural Equation 

Modelling (SEM) phase. To identify relevant constructs and beliefs, the researchers 

developed a questionnaire grounded in TPB-based hypotheses. The questionnaire 

demonstrated high internal consistency, with a McDonald’s Omega reliability 

coefficient of .95. Three factors—perceived behavioral control, subjective norm, 

and attitude toward behavior—accounted for 47% of the variance.  Empirical 

findings confirmed the relevance of all three factors in predicting behavioral 

intention. Specifically, the relationship between attitudes towards behavior and 

behavioral intention was moderate, between subjective norm and behavioral 

intention was weak, and between perceived behavioral control and behavioral 

intention is strong. The findings may guide practitioners in developing and 

evaluating TPB-based interventions to enhance preservice teachers’ intentions to 

use AR/VR applications as educational tools. The study concludes by identifying 

gaps within the existing framework and suggesting directions for future research. 

1. INTRODUCTION 

Information technologies allow individuals to access a wide range of information and exert a 

significant influence on various aspects of daily life (Makridakis, 2017). Consequently, 

individuals no longer merely retain information but rather create, access, and apply knowledge 

purposefully (Wagner, 2010). However, the mere integration of technology into educational 

settings is not sufficient. As Santos and Castro (2021) emphasize, educators must possess the 

 

*CONTACT: Ahmet Volkan YÜZÜAK    volkanyuzuak@bartin.edu.tr    Bartın University, Faculty of Education, 

Department of Mathematics and Science Education, Bartın, Türkiye 

The copyright of the published article belongs to its author under CC BY 4.0 license. To view a copy of this licence, visit 
http://creativecommons.org/licenses/by/4.0/ 

e-ISSN: 2148-7456 

https://doi.org/10.21449/ijate.1584874
https://dergipark.org.tr/en/pub/ijate
http://creativecommons.org/licenses/by/4.0/


Yüzüak et al.,                                                                       Int. J. Assess. Tools Educ., Vol. 12, No. 3, (2025) pp. 787–805 

 788 

necessary knowledge and competence to effectively utilize technological tools. In order to 

benefit from technology-enhanced learning environments, educators need to use educational 

technologies in alignment with their intended pedagogical purposes. While numerous studies 

grounded in the Technological Pedagogical Content Knowledge (TPACK) framework have 

been conducted in science and mathematics education, researchers have pointed out the lack of 

robust theoretical and practical frameworks that adequately support and guide teachers in 

integrating technology into classroom practices. Therefore, it is essential for teachers to stay 

informed about technological advancements and leverage them effectively within educational 

settings (Sermet & Demir, 2020). Among these tools, computers remain one of the most widely 

used in instructional settings; however, their unplanned or improper use can yield both positive 

and negative consequences.   

Artificial Intelligence (AI) is increasingly pervasive in both personal and professional domains, 

influencing various aspects of individuals’ daily lives. People's acceptance of AI is likely 

shaped by their general attitudes toward technology. One of the primary aims of our study was 

to develop an instrument for assessing broad attitudes toward AI in both academic and practical 

settings, while also exploring its conceptual foundations. This effort involved the initial 

conceptual and statistical validation of a newly developed scale. Another objective was to 

document general perceptions of AI applications as well as reactions to specific examples 

(Schepman & Rodway, 2020). Accordingly, AI tools can be planned and implemented 

purposefully, depending on their intended use (Johnson et al., 2016). Through the use of 

educational software, educators are able to offer students enriched learning environments. The 

integration of 3D visual content into course materials enables students to mentally visualize, 

rotate, and manipulate objects as if they were tangible (Demitriadou et al., 2020; Osipenko & 

Guseva, 2022). This feature facilitates the teaching of complex or abstract environments that 

are otherwise difficult to replicate in real-world settings (Cennamo & Kalk, 2019).  

With the emergence of immersive experiences that were previously unattainable, technologies 

such as AR and VR have fundamentally transformed the ways in which students engage with 

instructional materials. The potential for experiential learning has significantly expanded 

through AR and VR applications, ranging from interactive simulations of complex scientific 

concepts to virtual field trips. Today, AR is widely used across various sectors, including 

entertainment, production, engineering, healthcare, and education. However, the literature often 

reveals a conceptual overlap between AR and VR, as definitions of augmented reality 

frequently reference virtual objects, leading to confusion between the two. VR, in contrast, 

involves creating computer-generated environments that simulate reality, providing users with 

a sense of presence in a non-physical world (Wu et al., 2013). Rather than replicating the real 

world, VR generates immersive, simulated environments that evoke a sense of realism. The 

effectiveness of various non-visual modalities in AR/VR learning environments has also been 

investigated in the context of STEM education, particularly for students who are blind or have 

low vision (BLV) (Shankar et al., 2023). The study compared a natural language condition—

offering detailed verbal explanations—with a vibro-audio condition that combined device 

vibrations and auditory input. Findings suggest that both modalities are comparably effective 

in facilitating the interpretation of graphical content, highlighting the potential of AR/VR 

technologies to accommodate diverse sensory needs in educational contexts. 

This study underscores the vital role of sensory modalities in AR/VR technologies, particularly 

in enhancing inclusion and accessibility within educational settings. Moreover, educational 

leaders must consider strategies for optimizing the implementation of diverse 

VR/AR applications in instructional contexts (Kraus et al., 2021). One study specifically 

explored the potential of AR in mathematics education, highlighting its ability to bridge the gap 

between abstract and concrete concepts. The use of GeoGebra AR, for instance, allows for the 

projection of three-dimensional graphs and objects into real-world environments, thereby 

facilitating spatial reasoning and conceptual understanding. This tool enables students to embed 
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3D mathematical objects into their surroundings and explore them from multiple angles, while 

guided image-based exercises support the recognition of real-life applications of mathematical 

concepts (Tomaschko, 2020). 

AR significantly enhances data visualization by making complex information more accessible 

and comprehensible. It also supports language learning through features such as real-time 

translations and pronunciation assistance (Shankar et al., 2023).  In contrast, VR immerses users 

in entirely computer-generated environments that are detached from the physical world (Schott 

& Marshall, 2018). While VR aims to simulate a complete sense of presence through digital 

elements such as sound, video, and graphics, AR integrates these virtual elements into the real 

world to augment users’ perception of their physical environment. In essence, while VR 

replaces reality with a virtual construct, AR overlays digital content onto the existing physical 

surroundings. 

The continuum between reality and virtuality is illustrated through the mixed reality model 

depicted in Figure 1 (Milgram & Kishino, 1994). 

Figure 1. Simplified representation of a virtuality continuum  
 

Mixed Reality 

(MR) 
 

Real Environment Augmented Reality (AR) Augmented Virtuality (AV) Virtual Environment 

Figure 1 presents a simplified representation of a virtuality continuum. When Figure 1 is exami-

ned, reality increases as one moves to the left of the diagram. In addition, augmented reality 

occurs through virtual add-ons integrated into the real environment. To the right of the diagram, 

an environment composed of virtual objects is created to simulate a sense of reality. With the 

inclusion of real objects in the virtual environment, augmented virtuality emerges. 

1.1. Augmented Reality (AR) and Virtual Reality (VR) Used as Educational Tools 

The development of educational technology, particularly the introduction of AR and VR, marks 

a significant turning point in the history of teaching and learning approaches. According to 

Shankar (2023), educational technology was initially employed to enhance traditional teaching 

techniques through digital tools. A major milestone in this evolution was the emergence of 

interactive software and the internet in the late 20th century, which laid the groundwork for more 

sophisticated and immersive educational technologies. Furthermore, the integration of AI into 

the curriculum has not been achieved, largely due to the difficulty of designing effective AI 

content for K–12 students and the lack of funding and support for curriculum development, 

especially in developing countries such as Kenya. Many educators are ill-prepared to teach 

artificial intelligence (AI), as there are limited professional development opportunities and AI 

is not currently included in the curriculum. To address this, Kenya urgently needs to develop 

an AI curriculum and implement a comprehensive training and professional development prog-

ram to equip educators with the knowledge, skills, and attitudes required to effectively teach 

AI, either as a standalone subject or within a cross-curricular framework (Fundi et al., 2024). 

In recent years, a growing body of literature has explored the use of AR and VR as educational 

tools. AR and VR technologies have been found to enhance engagement and motivation (Lin 

& Wang, 2021; Teo et al., 2008). Studies have shown that AR and VR applications can offer 

immersive and interactive experiences, making learning more enjoyable and engaging (Roopa 

et al., 2021). Additionally, the use of AR and VR technologies has been found to increase lear-

ners' motivation by making learning more relevant and personalized. Several studies have re-

ported that the integration of AR and VR technologies can enhance learning outcomes (Coban, 

2022).  Furthermore, AR and VR technologies can provide realistic simulations of real-world 

scenarios, enabling learners to develop problem-solving and decision-making skills (Papanas-
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tasiou et al., 2019). These technologies can also enhance accessibility and inclusivity in educa-

tion. For example, AR and VR can offer virtual field trips, which are often more accessible and 

cost-effective than traditional ones (Kenna & Potter, 2018). Using data from previously con-

ducted studies and real-world applications, Shankar (2023) presents an overview of the effects 

of VR and AR in education. Their research demonstrates how VR can be used to build captiva-

ting and immersive learning environments by transporting students to virtual locations that sup-

port hands-on learning. AR overlays digital information onto the physical environment, enhan-

cing traditional educational resources with guided field excursions and interactive textbooks. 

This study highlights the value of VR and AR in promoting collaborative learning and addres-

sing the individual needs of students, including those with special needs. 

Some of the best practices identified in the literature include providing learners with clear lear-

ning objectives, designing activities that align with those learning objectives, and offering lear-

ners feedback on their performance (Hamilton et al., 2021). Additionally, studies have empha-

sized the importance of integrating AR and VR technologies into the curriculum in a thoughtful 

and intentional manner. These technologies can be used to tailor content to learners' learning 

styles, pace, and preferences, thereby making learning more effective and efficient (Alalwan et 

al., 2020). Overall, the literature suggests that AR and VR technologies have the potential to 

transform education by enhancing engagement, motivation, and learning outcomes. With the 

introduction of VR, the educational environment has undergone a significant transformation 

that has redefined the idea of immersive learning. VR’s capacity to generate virtual environ-

ments has opened new avenues for hands-on learning. Within the walls of a classroom, students 

may now conduct intricate scientific simulations, visit historical locations, and participate in 

interactive learning activities. In addition to increasing engagement, this shift toward an im-

mersive educational experience aims to improve information retention and foster the develop-

ment of practical skills (Shankar et al., 2023). 

1.2. Preservice Teachers’ Intention to Use AR/VR as Educational Tools 

Preservice teachers' intention to use AR/VR as educational tools can be influenced by several 

factors, including their perceived usefulness, ease of use, self-efficacy, and attitudes toward 

technology integration in the classroom. Perceived usefulness refers to the extent to which pre-

service teachers believe that using AR/VR as educational tools can enhance their students' le-

arning experiences (Coban et al., 2022). If preservice teachers perceive that using AR/VR can 

help their students better understand difficult concepts or engage them in the learning process, 

they are more likely to intend to use these technologies. Ease of use refers to the extent to which 

preservice teachers believe that using AR/VR as educational tools is easy and straightforward 

(Kline, 2011). Self-efficacy refers to preservice teachers' confidence in their ability to use 

AR/VR as educational tools effectively (Lee & Shean, 2020). If preservice teachers feel confi-

dent in their ability to use these technologies and believe that they can overcome any challenges 

or obstacles they may encounter, they are more likely to intend to use them. Attitudes toward 

technology integration in the classroom refer to preservice teachers' beliefs and opinions about 

using technology in educational settings (Huang et al., 2010). If preservice teachers have posi-

tive attitudes toward technology integration and believe that using technology can enhance their 

teaching and their students' learning, they are more likely to intend to use AR/VR as educational 

tools. AR also has a wide-ranging influence on language acquisition, since it offers pronuncia-

tion assistance and real-time translations. It simplifies complex content through data visualiza-

tion (Shankar, 2023). Overall, preservice teachers' intention to use AR/VR as educational tools 

is shaped by their perceptions of the usefulness and ease of use of these technologies, their self-

efficacy, and their attitudes toward technology integration (Anderson & Maninger, 2007). Te-

acher education programs and professional development opportunities can be designed to add-

ress these factors and increase preservice teachers' intention to use AR/VR in their future class-

rooms. This is the main point of the study. 
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1.3. Theory of Planned Behavior (TPB) 

TPB is a widely accepted model for understanding human behavior (Ajzen, 2012; Ajzen & 

Fishbein, 2008). According to this theory, a person's behavior is influenced by their attitudes, 

subjective norms, and perceived behavioral control (Ajzen & Fishbein, 1980). To understand 

TPB, the Theory of Reasoned Action (TRA) should first be explained, as TRA forms the foun-

dation of TPB (Fishbein & Ajzen, 1975; Ajzen, 1985; Schifter & Ajzen, 1985). According to 

TRA, behavior is associated with three main factors, and intention can be explained by attitude 

toward behavior and subjective norm. TRA can be formulated as B~I ∝ [w1AB + w2SN]. In 

this equation, B symbolizes behavior of interest, AB represents the attitude toward performing 

behavior, w denotes weighting parameters, and SN refers to the subjective norm. The stronger 

the intention, the more likely the behavior is to occur; and when AB and SN are evaluated 

positively, the individual is more likely to form a positive intention to perform the specific 

behavior (Ajzen, 1985; Ajzen & Madden, 1986).   

TBP includes the dimension of perceived behavioral control. Perceived behavioral control can 

be used directly with the intention to estimate behavior. Figure 2 illustrates the related factors 

and beliefs affecting them: "behavioral beliefs", "normative beliefs", and "control beliefs" 

(Fishbein & Ajzen, 1975; Ajzen, 1985; Shifter & Ajzen, 1985; Ajzen & Madden, 1986; Ajzen, 

1991; Ajzen, 2002; Erten, 2000). The TPB model proposes that the most important determinant 

of behavior is an individual’s intention to perform that behavior. Attitudes refer to the positive 

or negative evaluation of the behavior; subjective norms involve perceived social approval or 

disapproval of performing the behavior; and perceived behavioral control relates to internal and 

external barriers. As shown in Figure 2, "perceived behavioral control" may serve as a predictor 

of behavior.  Based on the TPB, we can explore the potential use of AR and VR applications as 

educational tools by examining these three factors. For example, educators could provide stu-

dents with information about the potential benefits of using AR and VR technologies in educa-

tion to influence their attitudes towards these technologies (Bonetti et al., 2018). Additionally, 

educators could promote a culture that supports the use of AR and VR technologies in education 

to influence subjective norms (Mazman, 2019). Finally, educators could offer training and sup-

port to help students develop their skills in using AR and VR technologies, thereby increasing 

their perceived behavioral control (Karademir & Erten, 2013). Overall, TPB provides a useful 

framework for examining the potential use of AR and VR applications as educational tools. By 

analyzing "attitudes", "subjective norms", and "perceived behavioral control", educators can 

better understand how to integrate these technologies effectively into the classroom to enhance 

student learning and engagement (Alalwan et al., 2020). 

Several stakeholders are involved in the integration of AR and VR in education, including ad-

ministrators, legislators, and teachers. Dutt (2022) examines the long-term effects of Extended 

Reality (XR) applications in education on learners with disabilities. Their research provides a 

comprehensive analysis of how XR technologies—which encompass both VR and AR—can 

benefit students with impairments by increasing motivation, facilitating communication, sup-

porting the development of cognitive skills, and enhancing the educational process. 

Attitudes: The first factor that influences behavior is attitude (Ajzen & Fishbein, 1980). In the 

context of AR and VR applications, attitudes refer to an individual's beliefs about the effecti-

veness and usefulness of these technologies as educational tools. Positive attitudes towards AR 

and VR technologies increase the likelihood of their use for educational purposes (Huang et al., 

2010). 

Subjective norms: The second factor that influences behavior is subjective norms (Fishbein & 

Ajzen, 1975). This refers to the social pressure an individual perceives from others to engage 

in a particular behavior. In the context of AR and VR applications, subjective norms refers to 

the perceived expectations of others (such as teachers or peers) regarding the use of these tech-

nologies in education (Karacan & Polat, 2022; Sadaf et al., 2012).  
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Perceived behavioral control: The third and final factor that influences behavior is perceived 

behavioral control (Armitage & Conner, 1999). This refers to an individual's belief about their 

ability to engage in the behavior. In the context of AR and VR applications, perceived behavi-

oral control refers to the individual's confidence in their ability to use these technologies effec-

tively in an educational setting (Sadaf et al., 2012). In this study, we examine how the Theory 

of Planned Behavior applies to teachers’ intention to use AR and VR applications as educational 

tools.  

The main purpose of the study is to construct a TPB-based model that predicts the use of AR 

and VR applications as educational tools. Within the scope of the research, the following rese-

arch questions were addressed: 

1. Does the attitude toward AR and VR applications have a positive effect on the intention to 

use AR and VR applications as educational tools? 

2. Does the perceived behavioral control have a positive effect on the intention to uses AR and 

VR applications as educational tools? 

3. Does subjective norm have a positive effect on the intention to use AR and VR applications 

as educational tools?  

In accordance with these research questions, the following hypotheses were developed; 

H1: Attitude toward AR and VR applications has a positive effect on the intention to use AR 

and VR applications as educational tools. 

H2: Perceived behavioral control has a positive effect on the intention to use AR and VR app-

lications as educational tools. 

H3: Subjective norm has a positive effect on the intention to use AR and VR applications as 

educational tools. 

2. METHOD 

2.1. Research Design 

In this study, which employed a quantitative research method, both descriptive and predictive 

statistical methods were used for analysis. In addition, structural equation modeling (SEM) was 

applied to test the relationships between latent variables.SEM is an increasingly utilized multi-

variate analysis tool in scientific research for examining and evaluating complex causal inte-

ractions. Compared to other modeling techniques, SEM allows for the testing of both direct and 

indirect effects within hypothesized causal relationships. The model enables the analysis of 

interactions among multiple variables and reveals the relationships between them from a holis-

tic perspective. It also verifies the fit between the structural model and the observed data, while 

accounting for measurement errors. Unlike other statistical methods, SEM is based on a confir-

matory rather than a new approach (Kline, 2011). The primary reason for using this method is 

that it allows for the simultaneous testing of multiple dependent variables believed to be asso-

ciated with more than one independent variable in the model. Another reason is the novelty of 

this study, as recent research exploring the intention to use augmented and virtual reality app-

lications as educational tools is lacking. 

2.2. Participants 

Based on the table, male participants constituted 20.8% of the total sample, while female parti-

cipants made up 79.2%. Students enrolled in the Science Education program accounted for 

34.9%, those in Primary Education for 18.5%, and those in Mathematics Education for 46.6% 

of the total participants. The participants’ profile is presented in Table 1. 
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Table 1. Participants’ profiles 

Demographic variables Category Frequency (f) % 

Gender 
Male 71 20.8 

Female 270 79.2 

Program 

Science Education 119 34.9 

Primary Education 63 18.5 

Mathematics Education 159 46.6 

Total   341  

2.3. Research Instruments and Procedures 

TPB is considered a useful model. The statistical relationship between attitude and behavior is 
high and significant when evaluated according to the correspondence principle. Four factors are 
important for explaining the relationship between behavior and attitude to a high degree: "tar-
get", "action", "context" and "time" (Ajzen & Fishbein, 1980).  Accordingly, the questionnaire 
items designed to measure intention, norm and perceived control were developed by conside-
ring this criterion (Ajzen, 1991; Ajzen, 2002). A questionnaire from a previous study (Can & 
Hiğde, 2022) was reviewed and utilized by the researchers. The scale was adapted for the pre-
sent study by revising the items based on the feedback of the three field experts, shifting the 
focus from STEM content to AR and VR contexts. In this way, a new version of the scale was 
developed in alignment with the research questions as well as the TPB framework (Ajzen & 
Fishbein, 1977; Ajzen, 1991; Ajzen, 2002; Erten, 2000). 

Factor analysis was performed to ensure the structural validity of the scale. The PASW 29 
program was used for the analysis. Data for the exploratory factor analysis were collected from 
306 participants. Male participants constituted 46.4% of the total sample, while female partici-
pants accounted for 53.6%. Students enrolled in Science Education made up 36.6%, those in 
Primary Education 34.3%, and those in Mathematics Education 29.1% of the total participants. 
Prior to the factor analysis, the suitability of the data was tested using Kaiser-Mayer-Olkin 
(KMO) and Bartlett’s tests. The KMO coefficient was calculated as .845 (p< .05). McDonald's 
Omega coefficients for the dimensions were calculated as follows: Perceived Behavioral 
Expectation (A1), Perceived Behavioral Evaluation (A2) = .945, Normative People Institution 
(A3) = .843, Motivation (A4) = .844, Perceived Behavioral Difficulties (A5) = .924, Perceived 
Behavioral Ease (A6) = .896, Attitudes Towards Behavior (A7) = .857, Subjective Norm (A8) 
= .925, Perceived Behavioral Control (A9) = .879, and Intention Toward Behavior (A10) 
= .906. The overall McDonald’s Omega reliability coefficient for the scale was found to be .944. 
As a result of the factor analysis, 48.855 % of the total variance was explained. Considering 
that variance rates between 40% to 60% are deemed acceptable in factor analysis (Scherer, 
1988), the variance explained in this research is considered sufficient. Items with factor loa-
dings below .30 were removed from the scale. Specifically, items A1.1, A1.3, A1.4, A1.16, 
A1.22, and A1.23 were excluded from the analysis. The factor loadings of the scale according 
to EFA are presented in Table 2. 

Confirmatory Factor Analysis (CFA) was conducted on data collected from a separate group. 
AMOS 23 was used for CFA. Data were collected from 286 participants. Male participants 
constituted 60.5% of the total sample, while female participants accounted for 39.5%. Students 
enrolled in Science Education comprised 36.0%, those in Primary Education 29.4%, and those 
in Mathematics Education 34.6% of the total participants. McDonald’s Omega coefficients for 
the dimensions were calculated as follows: Perceived Behavioral Expectation (A1) = .978, Per-
ceived Behavioral Evaluation (A2) = .977, Normative People Institution (A3) = .854, Motiva-
tion (A4) = .891, Perceived Behavioral Difficulties (A5) = .885, Perceived Behavioral Ease 
(A6) = .976, Attitudes Towards Behavior (A7) = .921, Subjective Norm (A8) = .871, Perceived 
Behavioral Control (A9) = .862, and Intention Toward Behavior (A10) = .743. The overall 
McDonald's Omega reliability coefficient for the data collection tool was found to be .970. Fit 
indices were evaluated to assess model fit (χ2 =11068.416 df=4514, χ2/df=2.452, p< .01, 
CFI=.977, TLI/NNFI=.970, GFI=.937, RMSEA=.071 (%90 CI =.070-.073), SRMR=.06). The 
factor loadings of the scale according to CFA are presented in Table 3. 
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Table 2. Factor loadings of the scale according to exploratory factor analysis (EFA) 

 1 2 3  4 5 6 7 8 9 10 

F1      F4       

A1.20 .730   A4.2 .885       

A1.9 .704   A4.3 .854       

A1.18 .696   A4.1 .488       

A1.19 .689     F5      

A1.24 .683   A5.9  .782      

A1.14 .681   A5.8  .775      

A1.8 .667   A5.11  .771      

A1.6 .660   A5.7  .762      

A1.11 .657   A5.4  .738      

A1.10 .650   A5.3  .713      

A1.13 .645   A5.6  .704      

A1.21 .639   A5.5  .702      

A1.27 .629   A5.10  .690      

A1.17 .587   A5.12  .677      

A1.28 .573   A5.1  .614      

A1.15 .562   A5.2  .613      

A1.26 .505      F6     

A1.7 .497   A6.9   .708     

A1.5 .495   A6.10   .701     

A1.12 .491   A6.13   .696     

A1.2 .473   A6.11   .694     

A1.25 .444   A6.14   .649     

  F2  A6.8   .619     

A2.18  .731  A6.6   .607     

A2.19  .726  A6.3   .573     

A2.21  .714  A6.4   .544     

A2.20  .702  A6.7   .544     

A2.8  .694  A6.5   .531     

A2.14  .684  A6.1   .522     

A2.27  .676  A6.12   .513     

A2.28  .659  A6.2   .497     

A2.9  .651      F7    

A2.6  .649  A7.1    .471    

A2.15  .638  A7.3    .408    

A2.13  .628  A7.2    .374    

A2.7  .626       F8   

A2.5  .621  A8.2     .828   

A2.17  .619  A8.3     .798   

A2.10  .619  A8.1     .795   

A2.11  .607        F9  

A2.26  .607  A9.3      .851  

A2.25  .605  A9.1      .841  

A2.24  .545  A9.2      .635  

A2.1  .532         F10 

A2.2  .527  A10.1       .872 

A2.22  .488  A10.3       .782 

A2.12  .487  A10.2       .631 

A2.16  .433          

A2.4  .430          

A2.23  .420          

A2.3  .330          

   F3         

A3.2   .847         

A3.1   .815         

A3.3   .694         

A3.6   .618         

A3.4   .484         

A3.5   .381         
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Table 3. Factor loadings of the scale according to confirmatory factor analysis (CFA) 

 1 2 3  4 5 6 7 8 9 10 

 F1    F4       

A1.2 .731   A4.1 .873       

A1.5 .813   A4.2 .812       

A1.6 .858   A4.3 .892       

A1.7 .828   
 

 F5      

A1.8 .781   A5.1  .730      

A1.9 .806   A5.2  .461      

A1.10 .826   A5.3  .797      

A1.11 .868   A5.4  .748      

A1.12 .764   A5.5  .563      

A1.13 .819   A5.6  .727      

A1.14 .849   A5.7  .687      

A1.15 .784   A5.8  .748      

A1.17 .819   A5.9  .689      

A1.18 .853   A5.10  .659      

A1.19 .852   A5.11  .547      

A1.20 .879   A5.12  .685      

A1.21 .838   
 

  F6     

A1.24 .806   A6.1   .743     

A1.25 .778   A6.2   .783     

A1.26 .807   A6.3   .770     

A1.27 .807   A6.4   .885     

A1.28 793   A6.5   .898      
 F2  A6.6   .899     

A2.1  .781  A6.7   .867     

A2.2  .741  A6.8   .880     

A2.3  .665  A6.9   .900     

A2.4  .733  A6.10   .916     

A2.5  .850  A6.11   .903     

A2.6  .873  A6.12   .879     

A2.7  .859  A6.13   .887     

A2.8  .802  A6.14   .901     

A2.9  .853  
 

   F7    

A2.10  .789  A7.1    .908    

A2.11  .827  A7.2    .934    

A2.12  .761  A7.3    .825    

A2.13  .774  
 

    F8   

A2.14  .787  A8.1     .878   

A2.15  .737  A8.2     .798   

A2.16  .751  A8.3     .798   

A2.17  .860  
 

     F9  

A2.18  .859  A9.1      .758  

A2.19  .802  A9.2      .907  

A2.20  .797  A9.3      .790  

A2.21  .817  
 

      F10 

A2.22  .662  A10.1       .765 

A2.23  .615  A10.2       .491 

A2.24  .687  A10.3       .723 

A2.25  .778          

A2.26  .752          

A2.27  .785          

A2.28  .808           
  F3         

A3.1   .597         

A3.2   .530         

A3.3   .660         

A3.4   .777         

A3.5   .844         

A3.6   .783         
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2.4. Data Analysis 

The data obtained via data collection tool were analyzed using the AMOS 23 program to model 

the relationships (Arbuckle, 2014). A 7-point Likert scale ranging from “definitely not” to “yes, 

definitely” was used. SEM for the TPB is presented in Figure 2. 

Figure 2. SEM for the TPB. 

 

3. RESULTS 

Before examining the assumptions of the model, it was checked whether the categorical and 

continuous variables in the dataset were within the acceptable limits. In this regard, the frequ-

encies of the categorical variables and the minimum and maximum value ranges of the conti-

nuous variables were examined, and no values outside the expected range were found. Missing 

value examinations were carried out, and no missing data were identified. According to the 

normal distribution curve, Z-values outside the limits of ±3 are considered outliers (Stevens, 

2009). In the study, the Z-values were calculated for all scores, and 7 observations were remo-

ved based on this criterion, considering the overall sample size. The skewness value of the 

variables was -.29, and the kurtosis value was -.167. To meet the normality assumption, the 

skewness and kurtosis values must remain within the ±2 limits (Tabachnick & Fidell, 2013). A 

sample size of more than 200 is generally considered sufficient for SEM (Kline, 2011). As a 

result of the preliminary analysis, 341 students were included in the study, satisfying the sample 

size requirement for SEM analysis. In this context, the assessment of assumptions related to the 

measurement tools was completed, and the model testing was initiated.  

Fit indices were considered to evaluate model fit (χ2 =1257.409, df=552, χ2/df= 2.278, p< .01, 

CFI=.91, TLI/NNFI=.90, GFI=.821, RMSEA=.061 (%90 CI=.057-.066), SRMR=.05). The go-

odness-of-fit statistics indicated that the data fit the SEM (Kline, 2011; Jöreskog & Sörbom, 

1993). The factor loadings of all items were above .64. The instrument constructs and items 

were presented in Table 4. 
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Table 4. Instrument constructs and items. 

Construct/ Beliefs Items  
Factor  

loading 

A1. Perceived Behavioral 

Expectations 

A1.9. Students develop scientific thinking skills by using 

AR & VR activities. 

.68 

A1.10. Students learn the characteristics of scientific 

knowledge by using AR & VR activities. 

.90 

A1.11. Students improve science process skills by using 

AR & VR activities. 

.82 

A2. Perceived Behavioral 

Evaluations 

A2.9. Students’ scientific thinking skills development is 

important by using AR & VR activities.  

.67 

A2.18. Students’ problem-solving skills development is 

important by using AR & VR activities. 

.83 

A2.19. Students’ argument-making skills development is 

important by using AR & VR activities. 

.91 

A2.20. Students’ reasoning skills development is impor-

tant by using AR & VR activities. 

.80 

A3. Normative Persons, 

Institutions and Organizati-

ons 

A3.1. Ministry of National Education .86 

A3.2. School management  .92 

A3.3. Other science education teachers  .70 

A3.6. Education inspectors  .64 

A4. Motivation A4.1. I am generally ready to do the expectations of pe-

ople and institutions I value. 

.64 

A4.2. I am generally ready to do the expectations of pe-

ople I value. 

.94 

A4.3. I am generally ready to do the expectations of insti-

tutions I value. 

.80 

A5. Perceived Behavioral 

Difficulties 
A5.3. It is difficult due to time limitations for gaining co-

urse objectives. 

.72 

A5.4. It is difficult since I do not design AR & VR activi-

ties. 

.72 

A5.5. It is difficult because the number of students is high 

in the class.  

.74 

A5.6. It is difficult because students are not ready to take 

control of their own learning. 

.69 

A5.11. It is difficult because students don’t have skills to 

design AR & VR activities. 

.77 

A5.12. It is difficult because the content of course and AR 

& VR activities are not appropriate. 

.71 

A6. Perceived Behavioral 

Ease 

A6.9. It is easy because I can guide students to design AR 

& VR activities. 

.73 

A6.10. It is easy because I can provide classroom manage-

ment during AR & VR activities. 

.87 

A6.13. It is easy because students have skills to design AR 

& VR activities.  

.69 

 

The SEM based on the TPB is presented in Figure 3. As shown in the model, the regression 

equation is as follows:  

 
Behavioral Intention = (Attitude toward behavior * .34) + (Subjective norm * .19) + (Perceived behavi-

oral control * .56) 
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Figure 3. SEM based on TPB. 

 
 

Standardized regression weight coefficients are presented in Figure 3. The three factors—atti-

tude toward behavior, subjective norm, and perceived behavioral control—explained 47% of 

the total variance. The R² value was calculated as .15 for attitude toward behavior, .19 for sub-

jective norm, and .09 for perceived behavioral control. Hypothesis testing results are presented 

in Table 5. All hypotheses were supported. 

Table 5. Hypothesis testing results 

Hypothesis  Path Path coefficient Result 

H1 ATB→BI .34*** Supported 

H2 SN→ BI .19*** Supported 

H3 PBC→BI .56*** Supported 
*** p<.001 

4. DISCUSSION 

This study applied the Theory of Planned Behavior (TPB) to understand preservice teachers’ 

behavioral intentions to use AR and VR applications as educational tools. A significant gender 

imbalance exists within the sample, which may affect the representativeness of the results and 

limit the generalizability of the findings across gender groups. Therefore, the results should be 

interpreted with this limitation in mind. The findings provide strong empirical support for TPB 

as an appropriate theoretical framework, consistent with prior research (Ajzen, 1985; Ajzen, 

1991; Erten, 2000; Karademir & Erten, 2013; Erten & Köseoğlu, 2022). The results of the study 

confirm the utility of TPB as a framework for understanding preservice teachers’ intention to 

use AR and VR applications as educational tools. The findings shed light on the factors and 

related beliefs infleuncing the behavior of using AR and VR activities in educational settings.   

The SEM results demonstrated a good fit to the data, indicating that the relationships hypothe-

sized by TPB are consistent with the observed data. SEM analyses confirmed that "Attitude 
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toward Behavior," "Subjective Norm," and "Perceived Behavioral Control" collectively expla-

ined 47% of the variance in behavioral intention. According to common standards in educatio-

nal psychology, explaining nearly half of the variance reflects a moderate to strong predictive 

power of the model. 

However, the R² values for individual predictors were relatively low: 

• Subjective Norm (R² = .19), 

• Attitude toward Behavior (R² = .15), and 

• Perceived Behavioral Control (R² = .09). 

These low R² values may be attributed to the reduction in item numbers during model validation 

to achieve better fit indices, which potentially decreased the explanatory power of each const-

ruct individually. This aligns with the well-known trade-offs in SEM between parsimony and 

model completeness (Hair et al., 2010). 

In terms of path coefficients, following Ajzen and Fishbein (1980)'s interpretation (.0–.3 weak; 

.3–.5 moderate; .5+ strong regression): 

• The path from Attitude toward Behavior → Behavioral Intention was moderate. 

• The path from Subjective Norm → Behavioral Intention was weak. 

• The path from Perceived Behavioral Control → Behavioral Intention was strong. 

These results highlight the particularly crucial role of perceived behavioral control in shaping 

preservice teachers' intentions. In TPB, perceived behavioral control reflects the perceived ease 

or difficulty of performing the behavior, suggesting that preservice teachers' confidence in their 

ability to use AR and VR is a key driver of their intention. Thus, interventions aiming to incre-

ase actual control over AR/VR integration—through training, resource availability, and institu-

tional support—are likely enhance behavioral intention. 

By facilitating immersive learning experiences that are captivating, memorable, and productive 

for students, AR and VR technologies have the potential to revolutionize education (Zhang et 

al., 2022). While VR may bring academic subjects to life by offering students new insights and 

perspectives, AR can be utilized to display instructional text and lesson-specific content over-

laid on a user's real-world environment (Guray & Kismet, 2023). Studies suggest that AR and 

VR are more effective learning tools than traditional methods because they allow students to 

act rather than merely observe and experience situations that would not be possible otherwise 

(Chan et al., 2022). Additionally, AR/VR technology may help students stay engaged in lectu-

res while studying from home (Solmaz et al., 2021). There are similar findings in the literature 

that align with the results of this study. Karacan and Polat (2022) investiagated pre-service 

teachers’ behavioral intention to use AR and VR applications as educational tools. their results 

indicated that favorable perceived behavioral control was associated with positive intention to 

use AR and VR applications, with direct and positive effects. They also reported preservice 

teachers’ views on the disadvantages and limitations of AR technology in teaching practices 

and learning. Similarly, Anderson and Maninger (2007) found that personal attitudes and abi-

lities significantly explained preservice teachers’ behavioral intentions to use software in their 

future classrooms, which is consistent with the TPB. 

Mikropoulos (2022) concluded that preservice teachers have a favorable attitude toward using 

AR and VR applications as educational tools and hold a positive regarding their integration into 

educational settings. Moreover, they are likely to demonstrate positive behavioral intentions to 

use AR and VR applications despite being aware of the challenges and obstacles related to their 

integration. Similarly, positive attitudes and perceptions of perceived usefulness are significant 

predictors of preservice teachers’ intentions to use educational technologies (Sadaf et al., 2012). 

Additionally, perceived usefulness, perceived ease of use and computer attitudes were found to 

be important predictors of both Malaysian and Singaporean preservice teachers’ behavioral in-

tentions to use educational technology (Teo et al., 2008). To sum up, attitude and perceived 
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usefulness were important predictors of pre-service teachers’ intention to use AR and VR app-

lications as educational tools in their future teaching. The integration of AR and VR applicati-

ons in pre-service teachers’ classrooms help their future middle school students develop tech-

nology-related skills.  

Even though the statistical impact of perceived behavioral control on behavioral intention is 

high according to theory, statistically significant effects were also found for the other two fac-

tors: subjective norm and attitude toward behavior. Our findings indicated that subjective norm, 

or social pressure, does not play a crucial role in shaping behavioral intention. However, pre-

service teachers still believe that institutions such as Ministry of National Education, school 

management and individuals such as other science education teachers and education inspectors 

are important. Erten (2000) stated that the key concept is to strengthen the effectiveness of 

teachers' attitudes. Moreover, in TPB, subjective norm is defined as the extent to which teachers 

believe that important people think they should use AR and VR applications as educational 

tools. Subjective norm is similar to social influence of behavior —the more social expectation 

there is, the stronger the behavioral intention becomes. Social conditions and infleunce facilitate 

the acceptance of AR and VR applications by pre-service teachers (Koutromanos & Mikropo-

ulos, 2021). Similarly, perceived behavioral control was found to have the highest influence on 

preservice teachers’ intentions, whereas social influence and anxiety had a low direct effect on 

behavioral intention to use technology (Baydas & Göktaş, 2017). However, these factors were 

found to have a high indirect effect on intention through other variables such as perceived be-

havioral control and efficacy, and perceived ease-of-use. In the present study, the effect of the 

subjective norm on behavioral intention was lower than the other variables, as social influence 

was not considered highly important by the pre-service teachers.  

5. CONCLUSION 

"Attitudes", "subjective norms", "perceived behavioral control" and "behavioral intentions" of 

preservice teachers regarding the use of AR and VR as educational tools will have a conside-

rable influence on the effective adoption and use of these technologies in educational settings. 

Accordingly, it is important to understand the factors related to their behavioral intentions and 

the relationships between these factors and behavioral intentions. A key findin of this study is 

that attitudes towards behavior, subjective norm and perceived behavioral control collectively 

explain a large proportion of variance in preservice teachers’ intention to use AR and VR app-

lications as educational tools. As preservice teachers’ confidence in their ability to use AR and 

VR applications effectively in educational settings increases, so do their behavioral intentions 

to adopt these tools. To a moderate extent, teachers' behavioral intentions also increase when 

their perceptions of others’ expectations —as a form of social influence—are heightened. Aca-

demic contributions to AR and VR in education include studies on how effectively these tech-

nologies can enhance student learning outcomes, as well as the development of innovative te-

aching strategies and course materials that leverage the features of AR and VR (Solmaz et al., 

2021). Additionally, researchers are exploring the use of AR and VR in special education, 

STEM education, and language teaching (Chan et al., 2022). Numerous studies have examined 

the comparative effectiveness of VR, Ar, hands-on learning, and/or traditional instruction. Fin-

dings indicate that students' learning outcomes are equally affected by hands-on activities con-

ducted in virtual and real-world settings (Bansal et al., 2022). 

These findings imply that although preservice teachers perceived both benefits and limitations 

were of AR and VR, their behavioral intentions to use these technologies as educational tools 

were mainly influenced by perceived behavioral control. Hence, educational policy and teacher 

education programs have an important role to play in preparing preservice teachers to navigate 

both the advantages and limitations of AR and VR integration. To this extent, teacher training 

programs should engage preservice teachers in first-hand experiences with AR and VR techno-

logies to improve their attitudes and beliefs regarding the effectiveness of these tools and to 
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strengthen their confidence in using them. In addition, preservice teachers should participate in 

AR- and VR-embedded activities to reflect on their beliefs about the use of these technologies 

in education and the reasons behind those beliefs. It's becoming evident that learning has been 

significantly transformed by AR and VR technology. These tools not only increase engagement 

and interaction within the learning environment but also enhance information retention and 

support the development of practical skills. While VR has opened up new opportunities for 

exploration and engagement in virtual settings, AR, with its capacity to superimpose digital 

information onto the physical world, has enriched traditional instructional resources. Looking 

forward, there are both opportunities and challenges in the integration of AR and VR in educa-

tion. The primary challenges include the high cost of these technologies, the need for a robust 

technological infrastructure, and the development of meaningful and engaging content. Nevert-

heless, many opportunities lie ahead.  AR and VR have the potential to fundamentally transform 

traditional teaching approaches, address diverse learning demands, and offer personalized lear-

ning experiences. It is likely that the future of AR and VR in education will focus on enhancing 

user experience, increasing accessibility, and achieving seamless integration into educational 

programs. 

6. SUGGESTIONS 

In the study, according to the TPB model, pre-service teachers’ perceived behavioral control, 

subjective norms and attitudes explained 47% of their behavioral intentions. In future studies, 

it is recommended to expand the model by identifying additional variables that may explain 

behavioral intention. In addition, the data collected from preservice teachers is a limitation, as 

it is based on self-assessment. Future studies should incorporate not only scales and question-

naires but also qualitative data such as observations and interviews. Behavioral intentions of 

preservice teachers can be examined more thoroughly through mixed-method research suppor-

ted by qualitative data. In this study, perceived behavioral control and attitude were found to be 

statistically more related to behavioral intention. The subjective norm variable, representing 

social influence, was less associated with behavioral intention compared to the other variables 

in the model. When interpreting the findings, it is important to consider that these relationships 

may vary in studies conducted across different cultural contexts.  This study was carried out 

with preservice teachers enrolled in various state universities in Turkey; therefore, personal 

variables may be affected by cultural values and beliefs. The study is also limited in terms of 

its duration and focus, which should be considered in further studies.  
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