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Abstract

:

The education sector is becoming increasingly interested in augmented reality (AR) technology. Research has revealed that AR offers a multitude of benefits in supporting learning. Nevertheless, the implementation of AR in the classroom remains limited. As teachers play a pivotal role in the integration of AR in the classroom, it is essential to understand their perspectives to comprehend the factors hindering the widespread adoption of AR at schools. However, few studies have explored teacher attitudes towards integrating AR into educational practice. The present questionnaire study thus seeks to elucidate the perspectives of 158 mentor teachers in German-speaking Switzerland on the implementation of AR in the classroom. The findings suggest that although mentor teachers have a moderately positive attitude towards AR, they have only limited experience with the technology and appear to lack the requisite technical and pedagogical skills and resources. Furthermore, certain teacher characteristics impact the perception of AR as a useful tool and its integration into teaching practice. Teachers seem to require enhanced information, training, and support if augmented reality (AR) is to become a prevalent feature in schools in the future. To this end, further studies need to consider teacher characteristics in more detail.
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1. Introduction


Digitalisation has brought about significant changes in various areas of our everyday lives. In the area of education, digital media are considered to have great potential for changing the way we teach and learn. Educational technologies are expected to enhance school performance, reduce learning gaps, improve learning outcomes, increase motivation, make teaching more efficient and innovative, and facilitate the monitoring of educational outcomes and processes [1,2].



Developments in computer-based learning date back to the 1960s, intensifying with the introduction of the PC in the early 1980s [3]. While digital devices were initially considered primarily as instructional aids, they have increasingly been perceived as “cognitive tools” since the mid-1980s, enabling both communication and student-centred teaching and learning processes [4]. Internationally, a strong consensus on the importance and necessity of digitalising education has emerged, and over the past decade, there has been growing activity at many levels to promote the digital transformation of education [1]. In addition to supplying schools with the necessary hardware and software, measures have also been taken at the system level of education, such as the allocation of financial resources, training and further education programmes, education policy regulations, and curricular adjustments [3,5,6,7]. Although meeting these basic requirements is an important prerequisite for the integration of digital technology in the classroom, teachers play a key role in integrating and accepting technology in education [8].



Teachers are responsible for creating and providing learning opportunities for learners. In so-called supply–use models (see Figure 1), it becomes apparent that the design of a teaching programme is influenced by various factors. Thus, features of the education system and the school context (e.g., school equipment or financial resources) determine how teaching can be realised. In addition, the composition of the classroom (including its size and heterogeneity), the socioeconomic status (SES) of the students, and the subject being taught are also relevant learning factors [9]. However, the way teaching is arranged and learning opportunities are provided is mainly determined by the characteristics of the teacher (e.g., competencies, personal prerequisites, and abilities). Nowadays, supply–use models underpin instructional effectiveness research. They take into account that teaching does not only have a causal and unidirectional effect on students’ learning and learning outcomes, but that learning outcomes are determined by a variety of conditions and complex interactions [10].



The possibilities for structuring teaching have changed considerably in recent years. The advent of computers, laptops, and mobile phones, as well as other technologies and the development of various software and applications, have created new opportunities for teaching and learning. In recent years, the technology of augmented reality (AR) has received increasing attention. In contrast to virtual reality (VR) technology, which completely immerses the user in a synthetic world, AR technology directly or indirectly augments the real world with computer-generated content in real time. In this way, AR technology enhances the sense of reality by creating a hybrid world combining the user’s view of the real environment with digital information and objects. Various types of augmentation are possible, such as text, audio, images, video, or 3D objects [8,10,13,14,15]. Although the first AR application developed specifically for educational institutions was introduced almost 30 years ago [16], the technology has only become widespread in recent years thanks to the advent of smartphones and tablets. The production of AR-specific devices such as smart glasses (e.g., Google Glass or Microsoft HoloLens) has further increased interest in the technology [17].



Today, AR applications are successfully used at different levels of education in a variety of educational settings and environments, and there is consensus in the scientific community that AR applications can improve learning processes, motivation, and effectiveness [8]. Studies were conducted at all school levels as well as with different types of learners (e.g., elderly people, students at vocational schools, and learners with special needs) and also for a variety of learning content [8]. In recent years, these findings have been synthesised in multiple literature reviews and meta-analyses (e.g., [18,19,20,21,22,23,24,25]). From these studies, it can be concluded that the use of AR in education offers many advantages to support learning, and there is a consensus that the technology has enormous potential. Thus, it can be shown that AR can support kinaesthetic learning, improve visual and spatial awareness [19,26], and trigger the motivation and interest of learners [27]. By using AR, students attribute more relevance to learning activities, gain more confidence in engaging with the learning activities, pay more attention, and experience more satisfaction and enjoyment [18,27,28,29]. In addition, AR can increase collaboration among learners and between learners and teachers. This also enhances problem-solving, creativity, critical thinking, information processing, and communication skills, and improves learning transfer (e.g., [15,17,18,26,30,31,32]).



As the information above shows, there are already many studies that have focused on the use of AR in education. However, only a few studies have addressed the teacher’s perspective [33,34,35]. As previously outlined, “teachers can be key gatekeepers” in integrating technology into the classroom [36]. Therefore, in order to implement AR technology in the educational sector and exploit its potential, it is important to consider the teachers’ point of view (cf. Figure 1). The results of previous studies on the use of AR in teaching show that the application of AR is still quite limited. Although teachers in studies usually showed a positive attitude towards AR [35,37,38,39], existing evidence suggests that many teachers are rather reluctant to use such technologies [36,40,41]. The reasons stated include a lack of infrastructure (hardware, software, or internet access), but also a deficit of technical and pedagogical skills among teachers [8,33,42,43]. Also, teachers’ self-efficacy may influence their decision to use technology in the classroom [44,45]. Although teachers make their own choices about how to teach, these choices are made within the context of the school or the culture of the whole society, and teachers are, therefore, directly or indirectly influenced by contextual factors [44]. Indeed, social norms and motivational support have been identified as important factors influencing teachers’ integration of technology [34]. Social norms, such as an individual’s subjective belief that they should or should not use a new technology, have an important influence on intentions, especially in the early stages of technology adoption [46]. Providing teachers with motivational support to use technology in the classroom, including teacher collaboration, technology leadership from school administrators, and professional development opportunities, has also proved to be critical [34]. Previous studies found that teachers’ attitudes towards technology have a strong influence on their intentions to use digital media in the classroom [7,34,46]. Clearly, many internal and external teacher-related factors play a role in the integration of technology. Overall, these findings confirm that teachers play a key role in the integration and acceptance of digital media in education. Nevertheless, research on teachers’ acceptance of AR is still in its infancy [41], and further investigation into this area is therefore of particular importance.



It was thus our intention to develop and conduct a survey to gain insight into AR usage from the perspective of the teacher. In order to better understand why teachers have a positive or critical attitude towards AR and why they use or refuse to use the technology in the classroom, teacher characteristics (see Figure 1) were identified and included in the analysis. The following research questions (RQs) are being pursued in this regard and will be addressed in this paper:




	
RQ1: What attitudes do teachers have towards the use of AR in the classroom?



	
RQ2: How common is the use of AR technologies in the classroom?



	
RQ3: How do teacher characteristics affect the use of AR in the classroom?








Of the 158 mentor teachers who completed the survey, around 60% had heard or read about AR. However, a significant number had never come across this technology. The attitude of mentor teachers towards the use of AR in classrooms was moderately positive on average. Reservations that appear to influence the use of AR seem to result mainly from a deficit of personal knowledge, a shortage of infrastructure and resources, and a lack of suitable materials and apps. Only 25 teachers had used AR in the classroom one or more times, with only 4 stating that they had used the technology in the classroom more than five times. Some teacher characteristics appear to have an influence here. Mentor teachers who have a higher level of digital literacy and those who perceive digital media as more useful are also more likely to have heard or read about AR. Mentor teachers who consider digital media to be more useful also have a more positive attitude towards the use of AR in the classroom and are more likely to use AR in the classroom. In addition, mentor teachers who have better digital literacy also employ AR more frequently in the classroom. These findings highlight the importance of keeping teachers on the agenda if AR is to become more embedded in educational processes. After all, even the best educational technology is ineffective if teachers do not use it. More attention should therefore be paid to this issue in educational and research contexts in the future.




2. Materials and Methods


2.1. Study


The data used to answer the above research questions were collected from a supplementary survey in the project “Online-based self-learning courses for mentor teachers”. In this project, online courses for teachers and mentor teachers were designed, produced, and evaluated. The project is funded by the organisation swissuniversities and is being carried out in German-speaking Switzerland from 2021 to 2025. The data used here were collected as part of the first and last of three questionnaire surveys with mentor teachers who have used the online courses. Mentor teachers offer student teachers insight into the real world of the teaching profession and help them bridge the gap between theory and practice. Because they hold key responsibilities and make a significant contribution to the training of qualified future teachers [47], it is vital to learn about their experiences and attitudes. For this study, questions on the general characteristics of the participants and scales of general professional competencies were used from the first questionnaire in the project, while information on AR-related professional competencies, as well as further general professional competencies, were taken from the third questionnaire. At the end of the third questionnaire, the participants were asked whether they were willing to answer further questions on the topic of AR. Only those participants who answered “yes” were presented with the respective questions.




2.2. Participants


Of the 188 mentor teachers who completed the third questionnaire, 158 (84.04%) voluntarily answered the supplementary questions on AR. This study is based exclusively on data from these 158 individuals. The age of these mentor teachers ranged between 23 and 63 years (Md = 40, SD = 9.32), and their teaching experience ranged between 3 and 42 years (Md = 15, SD = 8.98). Regarding gender, 98 (62.03%) were female, 59 (37.34%) were male, and 1 was diverse (0.63%). Only 11 (6.96%) of the teachers worked in kindergartens, while 40 (25.32%) worked in primary schools and 106 (67.09%) worked in lower secondary schools.




2.3. Questionnaire


Based on the supply–use model (cf. Figure 1), questions and scales were selected for the present study that capture mentor teachers’ general characteristics and professional competencies. Wherever possible, established and validated scales were employed. Since the questionnaire was in German, all the item examples given in this article have been translated into English by the authors.



The general characteristics collected in the survey were gender (male, female, diverse), age (in years), and teaching experience (in years). In addition, the school level (kindergarten, primary school, lower secondary level) of each teacher was recorded.



To assess professional competencies, scales were used to assess general teacher self-efficacy, motivation for participation in further education, and readiness for innovation (for details, see Table 1). Although two of the scales on motivation for participation in further education by Rzejak et al. [48] do not have satisfactory values for Cronbach’s alpha, they were included in the data analysis since they originate from a validated survey instrument. The scale on readiness for innovation by Quellenberg [49] was adapted for personal innovation instead of innovation at school.



In addition to these general areas, we were also interested in teachers’ professional competencies related to digital media and AR. Regarding digital media, teachers’ digital literacy and perceived usefulness of digital media were assessed (for details, see Table 1). Regarding AR, the mentor teachers’ awareness of the existence of AR was queried via the question (similar to Tzima et al. [8]), “Have you heard or read about augmented reality (AR)?” The response format was Yes/No. If they answered “no”, the survey was completed. If they answered “yes”, an open-ended question about their understanding of AR followed (based on Holzapfel et al. [50]): “What do you understand about augmented reality (AR)?”. Subsequently, the participants were presented with a definition of AR based on Müser and Fehling [51]. The definition in the questionnaire (translated here by the authors) was as follows: “Augmented reality (AR for short) involves integrating digital content into the real environment in a representation. The real environment remains unchanged and is expanded with virtual elements in real-time, interactively and with precise positioning”. After the definition, questions on participants’ experience with AR followed. The mentor teachers were asked, “How often have you used AR in teaching?”. The single-choice response options to this question (based on Silva et al. [43]) were 1 = Never used or considered, 2 = Considered but not used, 3 = Used once, 4 = Used more than once but no more than five times, and 5 = Used more than five times. If they had never used AR in teaching, the participants were asked why not (open-ended). If they had used AR in teaching, they were asked why and which apps they had used (both open-ended). Next, the mentor teachers were asked to complete scale-based questions on their attitude towards AR (for details, see Table 1). Furthermore, mentor teachers’ technology acceptance of AR was assessed using three single items. Two items were selected, translated into German, and adapted by the authors from the subscale “behavioural intention” of the scale “technology acceptance” by Tiede et al. [52] and Ibili et al. [46]. The third item was adapted from a self-assessment scale regarding the use of AR and VR in the classroom by Holzapfel et al. [50].





 





Table 1. Overview of the scales. All scales comprised the same 5-step response format (1 = “do not agree at all” to 5 = “totally agree”).






Table 1. Overview of the scales. All scales comprised the same 5-step response format (1 = “do not agree at all” to 5 = “totally agree”).





	
Professional Competencies






	
General teacher self-efficacy

slightly adapted from Schmitz and Schwarzer [53]

	
10 items

	
Item example: “I have the confidence to get the students excited about new projects.”

	
α = 0.74




	
Motivation for participation in further education

Rzejak et al. [48]

	




	
Subscale “social interaction”

	
4 items

	
Item example: “I generally take part in further education because I want to exchange ideas with colleagues.”

	
α = 0.88




	
Subscale “adjustment to external expectations”

	
4 items

	
Item example: “I generally take part in further education because I am obliged to do so.”

	
α = 0.57




	
Subscale “development orientation”

	
4 items

	
Item example: “I generally take part in further education because I want to be up-to-date.”

	
α = 0.67




	
Self-regulated learning

slightly adapted from Chrobak [54]

	
10 items

	
Item example: “I can define suitable learning steps for myself.”

	
α = 0.78




	
Readiness for innovation

adapted from Quellenberg [49]

	
7 items

	
Item example: “I am committed to real innovation and development.”

	
α = 0.76




	
Teachers’ professional competencies related to digital media and AR




	
Digital literacy

Zahn et al. [55]

	
6 items

	
Item example: “I have adequate resources to use digital media in my work.”

	
α = 0.81




	
Perceived usefulness of digital media

Zahn et al. [55]

	
4 items

	
Item example: “Digital media are helpful for my work.”

	
α = 0.88




	
Teacher attitude towards AR

Tiede et al. [52]

	
21 items

	
Item example: “They are motivating for the students.”

	
α = 0.91




	
Technology acceptance towards AR:

Subscale “behavioral intention”

adapted from Tiede et al. [52] and Ibili et al. [46]

	
2 single items

	
“I plan to use AR apps in class in the future.”

“I intend to use AR apps in class in the future.”

	




	
Item from a self-assessment scale on the use of AR in the classroom

adapted from Holzapfel et al. [50]

	
1 single item

	
“I would like to learn how to create learning environments using AR.”

	










2.4. Data Analysis


As only one person identified as diverse, only men and women were included in the gender comparison. In addition, for the school level comparison, only primary school and lower secondary school teachers were compared, as only a few participants stated that they teach at the kindergarten level. Moreover, the ordinal 5-point scale on the frequency of AR use in teaching was dichotomised to provide a clearer picture of how many mentor teachers had never used AR in the classroom, how many teachers had used it at least once, and how this use or non-use is related to other characteristics and attitudes. Level 1 and level 2 were summarised as “No AR use”. Levels 3–5 were summarised as “AR use”.



The quantitative data were analysed using IBM SPSS Statistics Version 29. In addition to descriptive analyses, group differences and correlations were tested for statistical significance. Correlations with dichotomous nominal variables were tested using Pearson X2 tests, correlations with ordinal variables with Spearman correlations, and correlations between interval-scaled variables with Pearson correlations. Group differences were examined using t-tests for independent samples. Cohen’s d was used to indicate effect sizes. The answers to the open-ended questions were used to better interpret and validate the results of the closed questions and to support them with examples. As the survey was conducted in German, the quotes used in this article were translated into English by the authors.





3. Results


Of the 158 mentor teachers who agreed to answer the supplementary questions on AR, 95 (60.13%) indicated that they had heard or read about AR, while 63 (39.87%) indicated that they had not. However, after reviewing the definitions formulated by those teachers who had heard of AR in more detail, it became clear that not all of them had a precise or correct understanding of AR. Some mentor teachers only translated the term into German or claimed not to know exactly what AR is or how to describe it (e.g., “Augmented reality, but I don’t have an exact idea”). Others confused AR with VR or only provided a vague, partially correct, or completely wrong description (e.g., “Video-based learning content in real time”). The results reported below only include data from those mentor teachers who had already heard of AR, regardless of whether they were able to give a correct and differentiated description or not. Participants who stated that they had never heard or read about AR were not further questioned.



3.1. Teachers’ Attitudes Towards the Use of AR in the Classroom (RQ1)


The mentor teachers’ attitudes towards AR seem to be moderately positive on average (see Table 2). Moreover, the answers to the three single items show that the mentor teachers tend towards using AR in the classroom in the future and that they would like to learn how to create learning environments with this technology.




3.2. Frequency of AR Use in the Classroom (RQ2)


As shown in Figure 2, 70 of the 95 mentor teachers (73.69%) who had heard or read about AR had never used this technology for teaching; 40 of these mentor teachers (42.11%) had not even considered using it. Only four (4.21%) mentor teachers had used AR in the classroom more than five times. There was no correlation between the self-reported frequency with which mentor teachers use AR in the classroom and their age, gender, professional experience, or the school level at which they teach.



The answers to the open-ended questions as to why the mentor teachers used AR or why they did not reveal that they use the technology primarily because it offers a way to increase visualisation, vividness, and impressiveness. One mentor teacher, for example, stated, “I showed animals and their true size”. Another reason for the use of AR was the “curiosity to try something new” and the opportunity to offer new experiences to students “because it is a great addition to awaken a desire for new discoveries”. Mentor teachers who had not used AR in teaching stated that this was due to a lack of personal knowledge, infrastructure, and resources, or because apps and materials were not available. For example, one mentor teacher stated that “the necessary equipment, apps and training are lacking”. In addition, many mentor teachers seem to expect an unfavourable cost–benefit ratio, for example: “Effort and return are not yet in balance; there is a lack of suitable platforms that can be found quickly and efficiently”.




3.3. The Relationship Between Teacher Characteristics and the Use of AR in the Classroom (RQ3)


In terms of general characteristics, gender, age, and teaching experience, as well as school level, were considered. As shown in Table 3, male mentor teachers are more likely than female mentor teachers to have heard or read about AR. On the other hand, women are more interested in learning to create learning environments using AR than men. However, there are no gender differences in the teachers’ attitudes towards AR and the frequency of the use of AR in teaching.



With regard to age and teaching experience, there is no correlation between having heard or read about AR and the “teacher attitude towards AR” scale or the frequency of the use of AR in teaching. Comparing school levels, there is a tendency (X2 = 2.28, df = 1, p = 0.093) for a higher proportion of primary school teachers (8 out of 20, 40.00%) to have already used AR in the classroom at least once than lower secondary school teachers (15 out of 70, 21.43%). There is no difference between the school levels in terms of having heard or read about AR, in the frequency of the use of AR in teaching, or teachers’ attitudes towards AR.



In terms of professional competencies, there was no correlation between mentor teachers’ general teacher self-efficacy or readiness for innovation and having heard of or read about AR, the use of or attitude towards the use of AR in teaching, or the three single items. Regarding the motivation for participation in further education, we found a positive correlation between development orientation and the single item “I would like to learn how to create learning environments using AR” (see Table 4). Another positive correlation was found between the “self-regulated learning” scale and the “teacher attitude towards AR” scale.



In terms of professional competencies related to digital media, we found a significant difference in the “digital literacy” and “perceived usefulness of digital media” scales between teachers who had heard about AR and those who had not (see Table 5), but not between mentor teachers who had used AR in the classroom and those who had not.



Moreover, there is a significant correlation between the “digital literacy” scale and the frequency of use of AR in the classroom, and a modest correlation between this and the “teacher attitude towards AR” scale (see Table 6). Additionally, the “digital literacy” scale correlated with the two items on behavioural intention. Regarding the “perceived usefulness of digital media” scale, the correlations between the frequency of use of AR for teaching and the “teacher attitude towards AR” scale are both significant, as are the correlations with the two items on behavioural intention and the item on interest in learning how to create learning environments using AR.





4. Discussion


Digital transformation has become a major concern for governments around the world, and education is expected to take a leading role in the digitalisation of society [1]. In order to comply with this agenda, educational systems and schools must ensure that the necessary conditions are in place, for example, by providing the appropriate financial resources, opportunities for further training, or curricular foundations. However, the extent to which digital transformation takes place in schools depends primarily on the teachers, who hold the key to working with digital technologies in the classroom [36]. The successful integration of technology is heavily dependent on how well it is perceived by teachers and their ability to align it with their goals, teaching strategies, and expectations [56]. It is therefore of particular interest to understand the attitudes and experiences of teachers towards digital technologies.



In this study, mentor teachers in German-speaking Switzerland were surveyed. The results of our survey show that the participants have a moderately positive attitude towards AR but only limited experience with it. Only around 60% said that they had already heard or read about the technology. Among those who had already heard or read about it, some still had an inaccurate or false understanding. In addition, almost 75% of them stated that they had never used AR in their teaching. Only four respondents reported that they had already used AR in the classroom more than five times. Although research into AR in education has been going on for three decades [57], it is quite surprising that the technology is still so unfamiliar to teachers. On the other hand, it is encouraging that the mentor teachers surveyed indicated that they would like to learn how to design learning environments with AR. Similar results have also been found in recent studies [34,43,44,58]. As AR-based educational applications become more widely available, and even low-cost smartphones support the visualisation of AR content, working with AR is becoming much more feasible [59]. However, further efforts are needed to ensure that teachers become familiar with the technology and learn how to use it in the classroom to implement meaningful learning scenarios. This last aspect is particularly important, since the use of media without pedagogical considerations does not usually lead to a change in practice, and thus potential, which is often referred to, cannot be reached [2,58]. A good option here could involve working more with co-design methodologies. This approach has been used only rarely to date, although the results of studies show various positive aspects, such as a positive effect on the teachers’ attitudes, continued use of the materials after study, and positive outcomes for the learners [56].



Our study also provides information on whether the characteristics of teachers influence their use of AR. Since the characteristics of the teacher (e.g., skills, personal requirements, and abilities) have a major influence on how teaching is arranged (cf. Figure 1), it is important to learn how this could affect the adoption of AR. The results show that certain teacher characteristics are indeed influential, and according to our results, it is professional competencies and experience related to digital media and AR that are particularly relevant. Thus, mentor teachers who have a higher level of digital literacy and those who consider digital media to be more useful are also more likely to have heard or read about AR. Furthermore, mentor teachers who consider digital media to be more useful also have a more positive attitude towards the use of AR in the classroom and are more likely to use AR in the classroom. These teachers are also more interested in learning how to use AR in the classroom and are more likely to use the technology in the future. In addition, mentor teachers who have better digital literacy apply AR more often in the classroom.



4.1. Limitations


One limitation of our study is that only mentor teachers in German-speaking Switzerland who agreed to participate were surveyed. Whether the results are representative of other regions of Switzerland—as well as other countries—or of teachers who do not work as mentor teachers or did not agree to participate remains unclear. Furthermore, only questionnaire data were used, which were predominantly quantitatively analysed. Follow-up interviews could have provided a deeper understanding of the questionnaire data.




4.2. Conclusions


Overall, there is still too little known about whether and to what extent schools and teachers are using AR as an addition to their lessons or training [59], and little is known about whether and how teachers’ characteristics affect their use of digital media in the classroom [46]. Our study makes a valuable contribution to this under-researched field and provides indications for implementation and research efforts. Further studies focussing on the teachers’ perspective are, however, of crucial importance. In addition to further research on teacher-related internal factors, future studies should also consider external factors such as school level in order to better explain the different influences of primary and secondary school teachers [44]. Further research is also needed to explore the details of the specific support provided by school-based actors, such as fellow teachers or school administrators, in driving change in technology use [44,45]. In addition, it would also be beneficial to consider both the teachers’ and the students’ perspectives and to explore supply and use, which are mutually dependent (cf. Figure 1). If our knowledge of these issues is improved, we can better support schools and teachers as well as educational authorities or educational technology developers, and thus promote the use of AR—or other digital media—and thereby also contribute to digitisation.
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Figure 1. Multilevel supply–use model adapted from Brühwiler and Blatchford [11] and Seidel [12]. 






Figure 1. Multilevel supply–use model adapted from Brühwiler and Blatchford [11] and Seidel [12].



[image: Virtualworlds 03 00029 g001]







[image: Virtualworlds 03 00029 g002] 





Figure 2. Frequency of the mentor teachers’ AR use in the classroom. 
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Table 2. Mentor teachers’ attitudes towards AR use in the classroom.
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	Min
	Max
	Mean
	SD





	Teacher attitude towards AR
	1.90
	4.81
	3.43
	0.56



	Item “I plan to use AR apps in class in the future.”
	1.00
	5.00
	3.43
	1.03



	Item “I intend to use AR apps in class in the future.”
	1.00
	5.00
	3.24
	1.10



	Item “I would like to learn how to create learning environments using AR.”
	1.00
	5.00
	4.07
	1.91










 





Table 3. Gender differences.
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Male

	
Female

	
Test Statistic

	
Significance






	
Heard or read about AR




	
41 out of 59

(69.49%)

	
53 out of 98

(54.08%)

	
X2 = 3.64

df = 1

	
p = 0.056




	
Interest in learning to create a learning environment using AR




	
M = 3.85

SD = 1.11

N = 41

	
M = 4.23

SD = 0.91

N = 53

	
t = 1.79

df = 92

	
p = 0.077

d = 0.37











 





Table 4. Correlations between mentor teachers’ professional competencies and their attitudes towards AR.
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	Professional

Competency
	Attitude Towards AR
	N
	r
	p





	Motivation for participation in further education: Development orientation
	“I would like to learn how to create learning environments using AR”
	93
	0.21
	0.043



	Self-regulated learning
	Teacher attitude towards AR
	95
	0.23
	0.027










 





Table 5. Differences in professional competencies related to digital media between mentor teachers who had heard or read about AR and those who had not.
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Heard or Read About AR

	
Not Heard or Read About AR

	
Test Statistic

	
Significance






	
Digital literacy




	
M = 4.09

SD = 0.64

N = 93

	
M = 3.72

SD = 0.64

N = 62

	
t = 3.56

df = 153

	
p < 0.001

d = 0.58




	
Perceived usefulness of digital media




	
M = 4.08

SD = 0.77

N = 93

	
M = 3.72

SD = 0.86

N = 62

	
t = 2.70

df = 153

	
p = 0.008

d = 0.44











 





Table 6. Correlations between mentor teachers’ digital literacy and their use of and attitudes towards AR.
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Professional

Competency Related to Digital Media

	
Use of and Attitude Towards AR

	
N

	
r

	
p






	
Digital literacy

	
Frequency of use of AR in the classroom

	
93

	
0.24

	
0.021




	
Teacher attitude towards AR

	
93

	
0.20

	
0.053




	
Behavioural intention:

“I plan to use AR apps in class in the future.”

	
93

	
0.33

	
0.001




	
Behavioural intention:

“I intend to use AR apps in class in the future.”

	
93

	
0.22

	
0.034




	
Perceived

usefulness of digital media

	
Frequency of use of AR for teaching

	
93

	
0.28

	
0.007




	
Teacher attitude towards AR

	
93

	
0.25

	
0.016




	
Behavioural intention:

“I plan to use AR apps in class in the future.”

	
93

	
0.38

	
<0.001




	
Behavioural intention:

“I intend to use AR apps in class in the future.”

	
93

	
0.35

	
<0.001




	
“I would like to learn how to create learning environments using AR.”

	
93

	
0.21

	
0.047
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