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A B S T R A C T   

This study used a social network analysis and a content analysis to identify 52 teachers’ perceptions to inves
tigate the mechanisms of teachers’ roles and teachers’ perceived support from a learning community to overcome 
barriers to AR-integrated STEM teaching. The findings revealed that when teachers occupy more powerful and 
central roles in the AR-integrated STEM teaching community, they may perceive higher-order support for 
overcoming the corresponding barriers to AR-integrated STEM teaching. Furthermore, this study developed a 
framework for promoting teachers’ professional development in AR-integrated STEM teaching by clarifying the 
hidden role and actual support, which was rarely emphasized in past studies.   

1. Introduction 

Augmented Reality (AR) is an emerging technology that uses intel
ligent technology to enhance or expand the scene of the real world by 
the additional information generated by the virtual system (Chalasani 
et al., 2018; Lin et al., 2023). The utilization of AR in integrating Sci
ence, Technology, Engineering, and Mathematics (STEM) education is 
seen as an innovation that could advance our existing educational 
practices and policies. For example, the use of the AR environment in the 
community could enhance the realism of the teaching-learning pro
cesses (Rodríguez-Abad et al., 2021), develop the features for positive 
experience (Baabdullah et al., 2022), and support teachers to share 
knowledge for communicating teaching issues in the community 

(AlNajdi, 2022). This innovation is challenging for teachers; therefore, 
teacher learning is crucial to its success. The barriers to AR-integrated 
STEM teaching were teacher anxiety, digital literacy, STEM disci
plinary knowledge, and pedagogies for project-based learning (Chai 
et al., 2020; Sırakaya & Alsancak Sırakaya, 2022; Urválková & 
Surynková, 2021). A teacher learning community that provides sub
stantial support to teachers can address the challenges (Takeuchi et al., 
2020) and promote the use of AR to support STEM teaching. Therefore, 
it is crucial to offer teachers substantial support for effective 
AR-integrated STEM teaching. 

In a STEM teacher learning community, teachers with different 
subject backgrounds and digital literacy skills can interact with each 
other and grow together (Barragán-Sánchez et al., 2020). The 
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community moves them from novices to advanced practitioners. They 
can seek help by asking community members and sharing their ideas and 
experiences with other members. For example, they could discuss how 
to set a real-life problem for interdisciplinary STEM teaching, or share 
experiences of how to integrate emerging technologies in STEM teaching 
(Kopcha, 2012; Shiau et al., 2018). In general, the community could 
foster STEM teacher’s growth in two areas: technology integration and 
integrated STEM education (Glazer & Song, 2005; Kopcha, 2012), which 
indicates the potential of a teacher learning community to facilitate 
AR-integrated STEM teaching for teachers. 

Studies on teacher learning communities suggest that teachers’ roles 
and perceived support would affect how STEM teachers grow. The 
importance of teachers’ perceived support in a community has been 
noted for solving teachers’ barriers to using technology in multidisci
plinary education (Li & Choi, 2013). However, teachers with different 
roles may perceive support from community members differently. For 
example, pre-service teachers were found to perceive more support than 
in-service teachers in teacher professional communities (López Solé 
et al., 2018). In other words, teachers’ roles may be associated with their 
perceived support from members (Baker-Doyle & Yoon, 2011) and 
perceived outcomes (e.g., individual and group achievements) (Al-Ba
lushi & Al-Abdali, 2015; Lin et al., 2016; Woodland et al., 2021). To the 
best of our knowledge, studies on teacher education in AR-integrated 
STEM education have focused on teachers’ attitudes, knowledge 
(Wahono & Chang, 2019), perceptions, and STEM competencies 
(Nguyen et al., 2020). Hence, there is a serious lack of relevant studies 
on the relationships between teachers’ roles and perceived support in 
teacher learning communities for AR-integrated STEM teaching. 
Accordingly, this study aimed to fill this gap by investigating the re
lationships between teachers’ roles and perceived support in a teacher 
learning community for AR-integrated STEM teaching. 

2. Literature review 

2.1. Teacher learning community for AR-integrated STEM teaching and 
teacher roles 

In this study, AR-integrated STEM teaching refers to using AR to 
support STEM teaching that focuses on interdisciplinary learning (Ibáez 
& Delgado-Kloos, 2018). Its learning outcomes include knowledge and 
higher-order thinking. This teaching allows students to visualize com
plex concepts in a way that is impossible to represent in the real world 
(Altmeyer et al., 2020). This visualization fosters students’ cognitive 
processes during learning. For example, Lo et al. (2021) created an AR 
application to foster school students’ better understanding of environ
mental education. Although AR could better engage students in inte
grated STEM learning, it is challenging for an individual teacher to 
design effective instruction. To design effective instruction, teachers 
need to take the four STEM disciplines’ perspectives into account and 
understand the affordances of AR (Margot & Kettler, 2019). Most 
teachers are familiar with one or two disciplines; some may be unfa
miliar with AR technology; others may have more interdisciplinary 
teaching experience. They need to work with teachers with different 
academic backgrounds and experience in teaching with technology. 
Therefore, this reflects that teacher learning communities are necessary 
to help teachers gain ideas from different disciplinary approaches and 
teaching views (Margot & Kettler, 2019). 

A teacher in a teacher learning community for multi/inter- 
disciplinary education has different roles since the members have their 
own expertise/teaching subject domains. Teachers who share resources 
and knowledge in the existing and trusted community are referred to as 
bridges that connect different networks of people. They are willing to 
interact with other members. Among the different roles in the trusted 
community, some teachers may serve as guides and mentors who pro
mote integrated teaching in multi/inter-disciplinary education. In
teractions/communications between the teachers with different roles in 

the community will foster their growth. Such a learning community 
forms a social network where people spread information, channel per
sonal or media influence, and are allowed to change their attitudes or 
behaviours. The community can be viewed as the collaborative culture 
of a school, which is characterized by sharing common values, visions, 
and learning orientations (Toikka & Tarnanen, 2022). 

In this study, the teacher learning community refers to the interdis
ciplinary and intercultural AR-STEM teaching community collaborating 
with teachers of different subjects to focus on the same goal of 
addressing teaching difficulties and challenges in STEM education for 
their professional development. Understanding the network character
istics can provide significant and meaningful information about teacher 
learning for AR-integrated STEM teaching (Ma et al., 2016). 

The multi-interdisciplinary teachers serve different roles based on 
network characteristics. These roles may reflect members with different 
degrees of how central they are in the community. These roles also 
indicate the strength of collaboration among teachers. Literature sug
gests that teachers’ roles in the community can be determined from two 
perspectives: participatory and knowledge-building. (1) Participatory 
perspective: participant roles include readers, contributor, collaborator, 
and leaders (Preece & Shneiderman, 2009; Strijbos & Laat, 2010; 
Wenger et al., 2002). (2) Knowledge-building perspective: participants 
roles include facilitator, collector, and expert (Rozewski et al., 2015; Ma 
et al., 2016). Both perspectives provide a conceptualization of the 
different roles of teachers in the learning community. The participatory 
perspective is relating to describing the engagement and interaction 
between teachers, whereas the knowledge-building perspective has 
associated with describing the interaction between teachers’ roles and 
knowledge. Thus, teachers tend to play different roles in the teacher 
learning communities (Anspal et al., 2019; Polizzi et al., 2018; Zhang 
et al., 2022). 

Teachers’ roles refer to how teachers from multiple disciplines in 
different roles may offer or obtain different perceived support in 
collaborative teacher professional development. They could be 
measured regarding the degree of centrality (DC) and structural holes 
(SH), and their functions could vary across communities (e.g., trusted 
network, different network) (Polizzi et al., 2019; Yondler & Blau, 2023). 
DC refers to the degree of teachers’ centrality in the network, while SH is 
defined as a broker between contacts in the network where teachers on 
either side of the SH have access to shared knowledge and resources 
(Demir, 2021). On the one hand, by analyzing the structural holes, it is 
feasible to identify a type of teacher who is considered a broker within or 
between communities. Zhang et al. (2022) showed that since sharing 
resources and knowledge is essential to support the development of 
teacher communities, teachers with sufficient resources and the ability 
to share resources are expected to perform the role of a broker or 
channel between communities. On the other hand, the degree of cen
trality demonstrates the teachers’ intensity of interaction within or be
tween communities. Anspal et al. (2019) suggested that it is critical for a 
teacher learning community to have strong interactions, shared goals, 
and central leadership. The leadership of a highly central role provides 
not only spiritual support to the community but also ensures a close 
interaction and shared goal based on exchanging ideas between teachers 
in the learning community. 

Second, in terms of helping teachers reduce the barriers to AR 
technological integration, the teacher learning community may be a 
solution that facilitates teachers’ learning of technology-integrated 
teaching to promote their outcomes (Kopcha, 2012). There is more 
efficient information sharing among the teachers in 
STEM-teaching-focused communities of practice than in non-adopting 
communities of practice (Ma et al., 2016). Participation in a commu
nity provides teachers with the opportunity to work together to develop 
shared meanings with activities such as questioning, clarifying, and 
negotiating (Karam et al., 2018). In the process, teachers regularly share 
solutions to their problems and receive support while integrating tech
nology (Glazer & Song, 2005; Hughes & Ooms, 2004). There is also 
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evidence showing that the main benefit of participation in the inter
disciplinary community is helping teachers acquire sufficient knowledge 
related to instructional design (Chai et al., 2020). Moreover, collabo
rative inquiry and interaction in a community of practice may also 
benefit teachers by providing opportunities for reflection (Butler et al., 
2004). Teachers’ learning in a community effectively supports profes
sional development (Kelley et al., 2020; Vossen et al., 2020). They 
benefit greatly from learning within a STEM teaching community (Kel
ley et al., 2020). Assessing teachers’ perceptions plays a critical role in 
preparing for such effective professional development (Khuyen et al., 
2020). The above studies implied that teachers’ roles in the learning 
community would influence their growth and professional development 
(Kelley et al., 2020; Vossen et al., 2020). Accordingly, a thorough 
investigation of teachers’ views of support for overcoming the barriers to 
AR-integrated STEM teaching is needed since such barriers are a sig
nificant issue in integrating appropriate pedagogical strategies with AR 
for enhanced STEM teaching results. 

2.2. Perceived support 

The term “barrier” has been viewed as a difficulty in understanding 
complex concepts or a lack of a high degree of content knowledge of 
multidisciplinary subjects (Baker-Doyle & Yoon, 2011; Chai et al., 
2020). Research has indicated the importance of teachers’ perceived 
support from each other when they encounter barriers regarding 
technology-integrated instruction (Lin et al., 2020). For example, a 
previous study was devoted to reducing extrinsic barriers by improving 
resources (e.g., equipment) (Glogger-Frey et al., 2015). If a budget is 
sufficient, the barriers to resources can be eliminated (Donnelly et al., 
2011). In addition to solving extrinsic barriers (e.g., technical prob
lems), the support to face intrinsic barriers is perceived as social capital 
(i.e., the wide range of resources in the teaching community, such as 
knowledge, ideas, instructional resources, etc), which reduces teachers’ 
barriers at lower levels. Researchers have worked to improve teachers’ 
teaching abilities, collaborate, and support teachers’ changing beliefs to 
reduce intrinsic barriers, such as teachers’ beliefs about technology. For 
example, Yoon et al. (2020) found that reducing higher-order barriers, e. 
g., classroom management in technology supported instruction, requires 
more complex and indirect support from social capital. Chiu et al. (2021) 
provided good references for probing teachers’ professional develop
ment by proposing a framework for pedagogical design thinking, 
involving gaining knowledge of design thinking, nurturing a design 
thinking mindset, and emphasizing teachers’ needs for support. Chen 
et al. (2022) used hierarchical system to develop a theoretical frame
work of teachers’ perceived barriers that range from lower-order bar
riers (e.g., extrinsic barriers and second-order intrinsic barriers) to 
higher-order barriers (e.g., third-order barriers to classroom manage
ment and fourth-order barriers regarding a lack of design thinking). 

Despite the theoretical framework that has been developed, little 
attention has been paid to teachers’ roles and their relations to perceived 
support for overcoming these barriers. Teachers who are provided with 
suitable professional training and support are more likely overcome 
barriers and improve instructions (Hammack & Ivey, 2019). It is 
important to recognize the links between how to set the roles and how 
leaders support others in a community. However, this seems to be no 
general definition of teachers’ perceived support for overcoming bar
riers to AR-integrated STEM teaching in the literature. Thus, there is a 
need to identify participatory approaches to measure the hierarchical 
system of different types of teachers’ perceived support. Research is 
needed to clarify teachers’ perceived support in this specific context. 

2.3. Relationship between teacher roles and perceived support 

Literature has revealed that positive teachers’ roles in a learning 
community are related to the teachers’ support. First, more core 
teachers’ roles in a learning community could contribute to the trust 

related to the improvement of teaching abilities, sharing related essen
tial information for effective teaching, and the distribution of more 
specific resources for teachers or peer support (Lin et al., 2016; Neal 
et al., 2011; Penuel et al., 2009). The increased support is predictive of 
overcoming barriers that might hinder effective instructional practices 
(Judson & Lawson, 2007). Second, studies showed that the more com
plex and active memberships of the teachers in STEM-teaching-focused 
communities of practice, the more abundant and more efficient the in
formation sharing among those teachers (Ma et al., 2016). However, if 
an individual plays a marginal role in the community, they will not be 
able to access the group’s social capital (Mehra et al., 2001). A member’s 
role significantly contributes to their social capital (Baker-Doyle & 
Yoon, 2011). The social capital available to teachers can predict their 
perceived support for overcoming barriers. Therefore, investigating the 
relationship between teachers’ roles and perceived support will give a 
better theoretical understanding of participatory approaches to over
coming barriers to AR-integrated STEM teaching. 

Overall, despite previous studies mentioning the importance of 
teachers’ roles in AR-integrated STEM teaching communities (Ibáez & 
Delgado-Kloos, 2018; Sırakaya & Alsancak Sırakaya, 2022), these 
studies did not clarify in detail how their roles may benefit their 
AR-integrated STEM teaching. Some of their studies have discussed that 
teachers’ roles would affect the accumulation of the social support 
teachers gain. Therefore, this study hypothesized that teachers’ roles 
from the learning community can significantly predict their perceived 
support for overcoming barriers to AR-integrated STEM teaching. 

2.4. Theoretical background 

This study applied graph theory as the theoretical framework to 
explore the relationship between teachers’ roles in the STEM teacher 
learning community. Graph theory has been demonstrated to be a 
valuable tool for modelling real-world issues. It was first applied in the 
field of mathematics to understand how different parameters and graph 
structures are connected to each other (Zweig & Zweig, 2016). Since 
then, graph theory has gradually been further applied in education, and 
makes it possible to obtain a visualization picture of relationships 
illustrating how different roles of people communicate and interact with 
others in the community (Chai et al., 2019). For example, graph theory 
has been employed to identify the roles of referential members in a 
learning community (e.g., Leader and Periphery actor) and to visualize 
the contribution they make within the process of learning exchange 
(Peeters & Pretorius, 2020). Moreover, Social network analysis (SNA) 
and graph theory have similarities and differences. SNA aims to study 
network structure and it is built on graph theory’s social and mathe
matical principles. It is a particular application of graph theory that 
more focuses on relating the graph’s characteristics to understand in
formation flow, social capital, as well as the development of beliefs and 
identities, within a group of people (Chai et al., 2019). This analysis 
describes networked structures in terms of nodes (individual actors, 
individuals, or objects inside the network) and ties, edges, or connec
tions (relationships or interactions) that connect them. Structures are 
often visualized through graphs in that nodes are represented as points, 
and ties are represented as lines. The visualizations offer a method for 
evaluating structure by altering the visual representation of their nodes 
and edges to reflect qualities of interest. This study used graph theory 
and SNA to analyze the AR-integrated STEM teaching community’s 
interpersonal structure and group interactions to explain how teachers 
in a professional learning community share their knowledge and re
sources, collaborate, and interact with each other. 

Teachers in the community for STEM interdisciplinary teaching have 
different teaching background that can be seen as culture in differents 
cultural contexts. Sociocultural learning theory is another theory that 
can explain interaction in the teacher learning community. This theory 
emphasizes that learning takes place through social interactions and 
communications with members with different backgrounds, such as 
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peers, leaders, mentors, mentees, and experts (Vygotsky, 1986). 
Learning depends on the interaction with others via the learning activ
ities in the digital or/and face-to-face communication channels. The 
relationship between teachers’ roles and their perceived support could 
be explained by the theory. 

2.5. Significance of this study 

Previous studies have focused on teachers’ surface roles (i.e., 
teachers’ occupational roles), but have failed to uncover the needed 
support for their roles. It may be difficult for teachers to conduct AR- 
integrated STEM teaching due to the resistance to AR use (Sırakaya & 
Alsancak Sırakaya, 2022), and the distractions and cognitive loads 
caused by AR. In addition, the previous studies do not show the re
lationships between teachers’ roles and perceived support from the 
perspective of interactive content. Moreover, most studies on STEM 
teacher professional learning have explored teachers’ attitudes and 
knowledge in STEM education (Wahono & Chang, 2019) and teachers’ 
perceptions of STEM education, STEM competencies, and difficulties in 
implementation STEM teaching (Nguyen et al., 2020). Therefore, it is 
necessary to use SNA to uncover teachers’ actual and urgent support in 
the learning community. 

2.6. Research goal and questions 

The main goal of this study was to investigate the relationships be
tween teachers’ roles and perceived support in a teacher learning 
community for AR-integrated STEM instruction. 

The three research questions are listed as below. 

RQ1. What are teachers’ roles in a teacher learning community for AR- 
integrated STEM instruction? 

RQ2. What support do teachers perceive in the community? 

RQ3. What are the relationships between the teachers’ roles and 
perceived support? 

3. Method 

3.1. Research participants and context 

The Ministry of Education has introduced a series of policies to 
support interdisciplinary education since 2018. In this context, the 
community and participant selection process would be based on the 
following criteria in this study: (a) The instruction within the commu
nity would be primarily teaching on the topic of AR-integrated STEM; 
(b) Community members need to have an intention to practice or 
experience on AR-integrated STEM teaching; (c) Community members 
need to be willing to interact and collaborate with other teachers. To 
ensure the quality of the studies, the participants who met the criteria 
above were selected for the study. The rest of the teachers will be 
excluded (e.g., teachers with low engagement and activity). As a result, a 
Guangdong-Hong Kong-Macao Greater Bay Area community which was 
relatively well-developed is randomly selected for current study. This 
study involves 52 teachers as participants. These teachers were from 
different schools engaged in online and offline collaboration on an AR- 
integrated STEM teaching system. They were able to engage in online 
discussion boards, where their communications and interactions were 
recorded. They were likely to share their views on the AR-integrated 
teaching process so the community could be seen as a social network. 
The major teaching subject domains of the community teachers were 
science, chemistry, physics, geography, information technology, math
ematics, and engineering. Participants had an average of 12.7 teaching 
years, and 60% of them were female. Their ages ranged from 25- to 55- 
year-old, with the average 38.8-year-old. This study also obtained the 
ethical approval from the selected university, and consents from all the 

participants. 
The participants designed and developed AR-integrated STEM in

struction to teach COVID-19, for example, by identifying student mis
conceptions and building 3D visual models. AR teaching was new to 
most of them and placed obstacles in their teaching. In the teaching 
process, students were required to use the visualized AR-supported 
digital textbook to understand the key concepts for SARS-CoV-2 pre
vention deeply through interactions with 3D visual models or videos 
under STEM activities. They were asked to join a teacher learning 
community to communicate and collaborate, share, and discuss their 
ideas and experiences with other participants. Since the participants’ 
backgrounds were diverse, they should have different roles in the 
community, and their perceived support from others should vary. 

In the learning community, there were two kinds of collaboration: 
online and offline. In the offline collaboration, teachers worked together 
in groups of three to five in weekly face-to-face group meetings for 
conducting an AR-integrated STEM lesson. In the online collaboration, 
the teachers joined any discussions of problems and issues at their 
convenience in an instant message system (i.e., WeChat). They shared 
their instructional designs, AR-integrated works, and student learning 
projects ideas in the system. Specific and scheduled planning activities 
were set for the participants. The teachers’ communication and collab
oration can be represented in a complex network. 

There are four orders of barrier regarding teachers conducting AR- 
integrated STEM teaching, including first-order barriers about 
extrinsic obstacles (e.g., equipment obstacle: The AR apps for STEM may 
not work reliably on some older mobile devices), second-order barriers 
regarding intrinsic obstacles (e.g., superficial beliefs about technology: 
Teachers just view AR as a tool for the visualization of STEM learning), 
third-order barriers referring to management (e.g., distractions: Some 
apps or devices may sometimes distract the teacher’s attention from AR- 
STEM learning), and fourth-order barriers related to the lack of design 
thinking (e.g., lack of design thinking: It is a challenge for me to adopt 
adequate mobile technology at the right time and in the right place to 
improve students’ AR-STEM learning effectiveness). Therefore, this re
quires four orders of perceived support to overcome the corresponding 
barriers. To encourage teachers to overcome the corresponding barriers, 
this study developed the AR-integrated STEM teaching context to 
identify the relationships between teachers’ roles and perceived support 
from the perspective of interactive content, which previous studies did 
not investigated. 

3.2. Data collection 

Fig. 1 shows how this study collect various to answer the three 
research questions. To answer RQ1, a questionnaire was used for the 
data collection on teachers’ relationships in the community to explore 
different teachers’ roles in the AR-STEM teaching community. To 
answer RQ2, a focus group interview, a questionnaire, and the digital 
system were used to collect data to investigate teachers’ perceived 
support for overcoming barriers regarding AR-integrated STEM teach
ing. The interview consisted of four categories: first-order support, 
second-order support, third-order support, and fourth-order support; the 
questionnaire included two dimensions: active constructive and active 
destructive; and the system collected teacher’s message. To answer RQ3, 
a multiple regression was conducted to analyze the relationships be
tween the teachers’ roles and perceived support for overcoming barriers 
to AR-integrated STEM teaching. 

3.2.1. Questionnaires 
A modified questionnaire from the past study (Lin et al., 2016) was 

used to collect data to identify the teachers’ roles in the community. The 
original items include three types of interaction: trust relationship, 
consultant relationship, and exchanging informational relationship. The 
modified dimensions were developing trust, consulting research, and 
exchanging research information. First, “developing trust” is used to 
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examine the extent to which teachers were willing to share instructional 
resources and accept suggestions of others in the community; it includes 
five items. Measuring developing trust is important for helping to pro
mote more effective pedagogical collaboration and knowledge sharing. 
Second, “consulting research” is used to assess the extent to which 
teachers prefer to communicate among members of the teacher learning 
community. Measuring consulting research provides a good indicator of 
whether community members are receptive to contributing and sharing 
expertise. The consulting research has four items and identifies the 
consultant targets. Third, “exchanging research information” is used to 
evaluate the extent to which members share and disseminate research 
information in the community. There is a need to observe the exchange 
of research information to identify the person the teachers want to share 
their information with. Exchanging research information dimension has 
three items. The three dimensions sample items are listed in Table 1. 

Thus we adapted the items from Lin et al. (2020) to measure 
teachers’ perceived support. The items had two constructs: active 
constructive (original Cronbach’s alpha = .81) and active destructive 
(the variable’s original reliability was α = 0.81), with high reliability. 
They adopted a 5-point Likert scale, with anchors ranging from strongly 
disagree (1) to strongly agree (5).  

(1) An active constructive response means that a responder expresses 
excitement, enthusiasm, or a desire to participate in an event (i. 
e., with perceived support for beliefs about technology integra
tion, I can effectively take advantage of a mobile device rather 
than be restricted).  

(2) An active destructive response means that the responder is 
focused and involved, yet gives negative feedback (i.e., if the 
lesson is well-designed, students can be immersed in the AR- 
integration STEM learning process. However, my supervisor re
minds me that everything has a negative side and that the lesson 
needs further improvement). 

3.2.2. Group interviews 
Twenty teachers were purposely selected for the interviews based on 

the SNA results as they played different roles in the network (Teacher 
1–20). The interviewees could express how they perceived and gave 

support from/to teachers in the community. The interviews were con
ducted by a trained researcher and lasted 15–20 min (20 min on 
average). Furthermore, the interviews were audiotaped and then tran
scribed into text for content analysis. Sample questions from the in
terviews are listed as below.  

1) From your point of view, what is AR teaching, and how can it 
facilitate STEM learning among students?  

2) What do you think would be ideal AR-integrated STEM teaching? 
Describe your ideal teaching with short and brief sentences and 
explain why you said this.  

3) What is your favorite part of AR-integrated STEM teaching support, 
and how does it help you address difficulties and barriers?  

4) Do you face difficulties when conducting AR-integrated STEM 
teaching? If yes, please state them.  

5) What are the main barriers you face while using AR for teaching 
STEM? 

3.3. Research procedure 

Fig. 2 shows the research procedures of this study, which include 
four stages. (1) Determining objects and boundaries: Teachers’ roles 
and their perceived support for overcoming barriers to AR-integrated 
STEM teaching are complex and diverse. Communication and collabo
ration in the teaching community are crucial to removing these barriers. 
These kinds of interactions in the teaching community will form a 
complex network. In this study, the network boundary spanners of SNA 
contain online communications and real-world collaborations in teach
ing and research activities. (2) Determining the relationships: 
Network relationships between the members could be clarified by 
exploring and justifying forms of professional practice. The teachers’ 
roles in the AR-integrated STEM teaching community were identified 
with a relationship matrix. Furthermore, the relationships between the 
teachers’ roles and their perceived support for AR-integrated STEM 
teaching were determined with multiple regression analysis. With 
reference to Lin et al. (2016), we determined the typology for the 
interaction content as trust relationship, consultant relationship, and 
exchanging informational relationship. (3) Collecting data: This study 

Fig. 1. Data collection and analysis.  
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used questionnaires and group interviews to collect data to see how the 
participants interacted in the community. (4) Analyzing the data and 
drawing the results: The data analysis included the SNA on the social 
network of teachers’ roles in the AR-Integrated STEM teaching com
munity, the content analysis for data from the focus group interview, 
and statistical analysis for the questionnaire. 

3.4. Data analysis 

Three different analyzes were used to identify teachers’ roles and 
perceived support in the community and to explain their relationships. 

To answer RQ1, SNA was used to analyze the data from the ques
tionnaire to identify the teachers’ roles in the community that are rep
resented as nodes in the network through three steps. First, there are 52 
columns on the right side of the questionnaire items in Table 1. The 52 
columns of numbers represent the anonymity of the 52 teachers, a code 
for real names. When completing the questionnaire, teachers were asked 
to check off the 52 individuals who collaborated and interacted with AR- 

integrated STEM teaching in different items. Second, according to the 
existing literature, the data for each item of the three dimensions of the 
questionnaire was given equal weight in Table 1, and was weighted to 
obtain a relationship matrix. The matrix was derived from summing the 
relationship data collected from these 52 teachers in the same network. 
Third, UCINET 6.0 was used to analyze the relationship matrix in this 
study. The analysis generates the relationship matrix and analyzes the 
network’s interpersonal structure (i.e., reflecting how teachers collab
orated in the community). The matrix was encoded to represent the 
sender, receiver, frequency, and direction. Nodes of the same type (the 
same teacher role) in the network were weighted and combined with 
those having the same weight value. Moreover, a network-structure 
analysis with the matrix (i.e., the interpersonal structure and group in
teractions of the AR-integrated STEM teaching community were 
analyzed through social network analysis of the encoded matrix, 
resulting in a network structure diagram for the 52 teachers), centrality 
analysis (i.e., degree, closeness, and betweenness), and structural holes 
were used to capture the roles of teachers in the relational networks in 
Table 2. 

Teachers’ roles could be measured by key indicators, including the 
structural holes (SH), the larger trust network’s structural holes 
(LTNSH), the degree of centrality (DC), and the higher degree of cen
trality in the trust network (HTNDC). An analysis of SH may help to 
understand that teachers with sufficient resources and the ability to 
share resources are expected to perform the role of a broker or channel 
between communities (Zhang et al., 2022). Analyzing LTNSH can pro
vide insights into the broader structure of community interpersonal re
lationships, which is essential to influencing, mobilizing, and leading 
others to higher levels of achievement (Polizzi et al., 2019). It is 
important to identify DC to understand the central leadership in the 
teacher learning community with strong interactions and shared goals 
(Anspal et al., 2019). An analysis of HTNDC may distinguish teachers 
according to their central position in the digital learning environment 
(Yondler & Blau, 2023). 

The mathematical functions to measure SH and DC are as follows. 
Burt (1992) indicated the importance of addressing the issue of 

constraint to measure the presence of SH. To analyze the constraint in 
the networks of the AR-integrated STEM teaching community, this study 
defines the constraint with the following mathematical function: 

cij =

(
|ζ(i) ∩ ζ(j)|

|ζ∗(i)|

)2  

Where the network of teacher ego i is directly or indirectly invested in a 
relationship with some other contact j, In this mathematical function, 
ζ(i) is the set of all opposite-class contacts of i in the network of the AR- 
integrated STEM teaching community, and ζ∗(i) the sum of the dyadic 
constraint on all of a vertex’s ties. Pendants are nodes that should be 
excluded from the calculation because they only connected to one other 
node. 

Milaković et al. (2008) noted that DC for each individual that can be 
calculated as the sum of the actual valued tie strengths of an individual. 
In this study, the DC could be measured with the following mathematical 
function：  

degreeu =
∑

v ∈ V Cuv                                                                            

In this function, C could be defined as the entire network of the AR- 
integrated STEM teaching community. V is represented as the set of 
directors contained in C. The centrality of node u is constructed by 
summing the number of links that each node has. 

The difference between measures that were and were not in the 
larger trust network is shown below. First, SH was measured by how 
teachers with sufficient resources play a broker role. Furthermore, the 
measurement of LTNSH could help us deeply understand teachers’ roles. 
Specifically, (a) Teachers in LTNSH have more teaching resources and 
greater access to information, enabling them to act as “gatekeepers” to a 

Table 1 
Questionnaire on the relationship perspectives of the AR-integrated STEM 
teaching community.  

Dimension Item 1 2 3 4 ... 52 

Developing trust Who was a cooperator in the 
teaching with you (e.g., 
papers, books, and reports)?        
Who do you often work 
together with in the AR- 
integration STEM team?        
With whom did you often 
design a research lesson?        
With whom do you comment 
on members’ cyberspace 
information with each other 
(articles, pictures, videos, and 
audio)?        
In whose cyberspace have you 
left messages about AR- 
integration STEM teaching 
recently (articles, pictures, 
videos, and audio)?       

Consulting 
research 

With whom do you have 
online contact information 
related to AR-integration 
STEM teaching? (For example, 
email, WeChat, blog, etc.)        
To whom do you often chat 
about AR-integration STEM 
teaching (via email, WeChat, 
blog, etc.)        
With whom do you discuss 
your AR-integration STEM 
teaching problems on the 
Internet (via email, WeChat, 
blog, etc.)        
Whom do you ask for help 
when you have AR-integration 
STEM teaching problems in 
your teaching and research in 
the real world?       

Exchanging 
research 
information 

To whom do you convey 
STEM instructional 
information via AR devices 
(via email, WeChat, blog, etc.)        
To whom do you transmit 
teaching and research 
information on AR-integration 
STEM teaching in the real 
world?        
To whom do you convey 
information on the Internet 
(via email, WeChat, blog, 
etc.)?        
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significant degree, as well as being the key to the dissemination of re
sources in the trust community; (b) teachers connected to LTNSH have 
fewer opportunities to share teaching resources and experiences with 
other members of the AR-integrated STEM teaching community, and are 
more dependent on communication mediators. With the measurement 
of LTNSH, members of the AR-integrated STEM community would be 
supported with multi/interdisciplinary education resources, dis
tinguishing it from just measuring SH. To examine whether there is an 
effect of LTNSH on teachers’ perceived support for AR-integrated STEM 
teaching through teachers’ roles in the network, it is important to extract 
the trust relationship network structural holes because the interaction 
between teachers in the AR-integrated STEM teaching requires trust, 
which is the most fundamental. Trust is the key to driving teachers to 
sustained collaboration for AR-integrated STEM teaching. In designing 
the AR-integrated STEM project about the robot drama Hamlet, there 
would be several barriers to combining robot programming and a 
theatrical plot when there is only an IT teacher or a literature teacher. 
Via a larger trust network (i.e., LTNSH), the teachers’ group would have 
been able to access sufficient interdisciplinary (IT and literature) re
sources and take the project from design to display innovatively. Be
sides, through a larger trust network, experts in the community were 
expected to provide various forms of perceived support to others. 

Since it is unclear what kinds of teachers’ perceived support are most 
beneficial in AR-integrated STEM teaching community, this study aims 
to better reveal the critical perceived support from community members 
to address challenges when using AR to support STEM learning. To 
answer RQ2, it is wise to select qualitative content analysis for identi
fying different teachers’ perceived support regarding overcoming bar
riers in the AR-integrated STEM teaching, then the capacity of content 
analysis is systematically compared and categorized interview data in 
depth. The teachers’ interaction content was collected and coded from 
different data sources (i.e., interview record, count = 156, 59.50 %; 
Content of teachers’ messages on AR-integrated STEM teaching system, 
count = 106, 40.50 %). This study used the teachers’ perceived support 
for overcoming barriers to AR-integrated STEM teaching as a scheme to 
code the data. An encoding process was designed to analyze the content 
of teachers’ perceived support for overcoming barriers to AR-integrated 
STEM teaching in different groups, which was developed using Chen 
et al.’s (2022) hierarchical model. This study focused on four orders, 
including first-order barriers about extrinsic obstacles (FO), 
second-order barriers regarding intrinsic obstacles (SO), third-order 
barriers referring to management (TO), and fourth-order barriers 
related to the lack of design thinking (DO) in the AR-integrated STEM 
teaching. Two researchers, an educational technology professor and a 

Fig. 2. The research procedure.  
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postgraduate student, first read the scripts, identified different types of 
perceived support for overcoming barriers, and then assigned descrip
tive codes accordingly. They discussed and merged the codes into or
ders. The categorization agreement was 0.92 (Cohen’s kappa) between 
the two researchers. When the interview data did not reach the re
searchers’ agreed-upon categorization, the researchers discussed the 
interview data until they reached a consensus. For instance, codes 
relating to “resistance to AR use” and “beliefs about AR-integrated STEM 
teaching” were merged into the “intrinsic obstacles” order. Examples of 
the teachers’ qualitative responses were coded as first-order support, 
second-order support, third-order support, and fourth-order support. 
These examples are presented in Table 3. 

In addition, this study carefully examined the interview data and 
extracted representative responses for in-depth discussion. Twenty 
teachers with different roles participated in the focus group interviews 
and provided key information in the trust network. The interview data 
were fully transcribed by a trained research assistant, and then exam
ined and analyzed by two researchers through extensive discussion. 

The 20 interviewees were divided into the following four categories 
for this study: (a) Group founder and leader. These teachers played a 
leadership role in organizing and guiding the activities within the 
community, providing direction and vision. (b) Experienced core 
member. These teachers had previously served as project leaders and 
may have since transitioned to other roles, such as important teaching 
and research staff responsible for helping to solve new teaching 

problems. They possessed valuable insights and experience from their 
prior involvement. (c) New core member. These teachers had recently 
taken on the role of project manager and facilitator. They brought fresh 
perspectives and ideas, creating an optimistic connection to the growth 
and development of the community. (d) Periphery actor. This category 
includes teachers with limited involvement within the community, but 
their perspectives and contributions were still valuable within the trust 
network. Teachers in different roles interact with each other and 
collaborate to promote AR-STEM teaching. 

To answer RQ3, a multiple regression analysis was conducted to 
analyze the relationships between the teachers’ roles and perceived 
support for overcoming barriers to AR-integrated STEM teaching. A total 
of 52 teachers were selected for the multiple regression. The indepen
dent variables in this study were teachers’ roles in the teaching com
munity (i.e., DC, SH, HTNDC, and LTNSH). The dependent variables 
were teachers’ perceived support for overcoming barriers to AR- 
integrated STEM teaching (i.e., FO, SO, TO, and FO). A series of step
wise (multiple) regression analyses were implemented to evaluate the 
relationships using IBM SPSS software (version 26). In the multiple 
regression analysis process, the mathematical function compares 
average values of y in the upper and lower quantiles of x. The x here 
refers to the independent variable mentioned above, and y refers to the 
dependent variable mentioned above in this study. First, this study 
conducted a linear regression of y on x based on n data points and 
compared the least-squares estimate to a simple difference of the mean 
of data values y in the upper and lower quantiles of x. Second, thresholds 
xlower and xupper were established to represent the (fn)th and ((1− f)n 
+1)th order statistics of x. The predictor was discretized by utilizing the 
chosen order statistics. Third, the linear relationship between y and x by 
the simple comparison. Finally, the mathematical function was used to 
calculate the ratio and compare it to the least squares estimate. 

Table 2 
The classification of the teachers’ roles.  

Teachers’ Roles Definition Examples of Teachers’ Roles in 
the Community 

Structural Holes 
(SH) 

The structural holes imply 
a broker between contacts 
in the social network of the 
AR-integrated STEM 
teaching community, 
where teachers on either 
side of the SH have access 
to shared knowledge and 
resources. 

Teachers in the structural hole 
are more likely to broker the 
information flows between 
groups of teachers and have a 
greater mediating advantage 
to share multi- 
interdisciplinary knowledge 
and resources for teaching and 
learning with other AR- 
integrated STEM teaching 
community members. 

Larger Trust 
Network’s 
Structural Holes 
(LTNSH) 

The relatively larger 
structural holes that 
teachers need to broker for 
connecting different AR- 
integrated STEM teaching 
community group 
members in the trust 
network. 

Teachers with larger structural 
holes in their trust network 
have fewer opportunities to 
share teaching resources and 
exchange experiences with 
other groups of AR-integrated 
STEM teaching community 
members. Accordingly, there 
is a need to uncover the 
mechanism of the structural 
holes to connect multi- 
interdisciplinary teachers in 
different positions. 

Degree Centrality 
(DC) 

The degree of teachers 
becoming central in the 
AR-integrated STEM 
teaching community 
relates to tacit knowledge 
transfer. 

Teachers with central roles 
have higher communication 
ability and cognitive levels to 
interact with other teachers, 
acquire tacit knowledge, and 
manage tasks related to the 
learning environment as 
leaders in the AR-integrated 
STEM teaching community. 

Higher Degree 
Centrality in the 
Trust Network 
(HTNDC) 

Teachers prefer to direct 
and lead other AR- 
integrated STEM teaching 
community members in a 
central position in the trust 
networks. 

Teachers, as highly core 
members, establish common 
goals in a trusted AR- 
integrated STEM teaching 
community to promote 
interaction among other 
members and facilitate the 
transfer of tacit knowledge in 
the network with trust.  

Table 3 
The encoding scheme for the teachers’ perceived support for overcoming bar
riers to AR-integrated STEM teaching of hierarchical content analysis levels.  

Level Definition Example items of perceived 
support for overcoming barriers 
to AR-integrated STEM teaching 

First-Order 
Support 

Support for overcoming extrinsic 
obstacles for teachers, including 
equipment, enough features in 
student devices, and 
organizational support for 
technical problems during a time- 
consuming content development 
phase. 

When I have perceived support 
for equipment, it is easier to use 
AR apps for STEM teaching 
because the equipment works 
reliably. 

Second- 
Order 
Support 

Support for overcoming intrinsic 
obstacles for teachers, such as 
beliefs about AR-integrated 
STEM teaching, beliefs about 
technology, resistance to AR use ( 
Sırakaya & Alsancak Sırakaya, 
2022), and openness to change. 

When I have perceived support 
for beliefs about technology 
integration, I can effectively 
take advantage of a mobile 
device rather than be restricted. 

Third- 
Order 
Support 

Support for management, such as 
management of avoiding 
distractions and cognitive loads 
caused by AR. 

When I have perceived support 
for management to avoid 
distractions caused by AR, I can 
carry out the STEM course 
smoothly when students may be 
overly attracted to the mobile 
AR device. 

Fourth- 
Order 
Support 

Support for overcoming a lack of 
design thinking, such as 
providing meta-cognitive 
scaffolding and experimental 
support for AR inquiry-based 
learning activities (Ibáez & 
Delgado-Kloos, 2018). 

When I have perceived 
experimental support for AR 
inquiry-based learning 
activities, I am capable of 
adopting adequate mobile 
technology at the right time and 
in the right place to improve 
students’ learning effectiveness 
when students could not be 
immersed in the AR-integration 
STEM learning process.  

X.-F. Lin et al.                                                                                                                                                                                                                                   



Teaching and Teacher Education 141 (2024) 104490

9

4. Results 

4.1. Teachers’ roles in the AR-integrated STEM teaching community 

To answer RQ1, SNA was conducted to examine teachers’ roles in 
centrality measures and structural holes. The centrality measures 
include degree, closeness, and betweenness centrality. Degree centrality 
is the number of points directly connecting to a point in a network, 
which can be used to find the core nodes in a network with their attri
butes. Closeness refers to the sum of the shortest distance of a node to 
other nodes; the smaller a closeness value is, the more a point is in the 
core of the network. Betweenness measures the extent to which a node is 
a “bridge” to other nodes. Since this matrix (i.e., the encoding data for 
community relationship analysis for SNA) belongs to an undirected 
valued graph, a calculation of the betweenness of multi-valued networks 
cannot be carried out in UCINET’s existing algorithms. Through the 
SNA, a network sociogram is obtained, which is shown in Fig. 3. By using 
the NetDraw module of UCINET, teachers in the social network were 
denoted as nodes. A node represents individual learning community 
members, such as teachers, leaders, or facilitators. This represents the 
relationships between teachers’ roles and their barriers regarding AR- 
integrated STEM instruction. From Fig. 3, we may conclude that the 
core nodes in the structure interconnect with strong links without an 
isolated node, indicating that the members interacted closely in the 
teacher learning community. Nodes 1, 2, 3, 4, 5, 6, 8, 9, and 10 formed a 
cohesive subgroup with Node 5 as the core, while Nodes 11, 12, 13, 14, 
15, 16, 17, 18, 19, 20 and 21 formed a second cohesive subgroup with 
Node 16 as the core. Both cohesive subgroups are components of the AR- 
STEM teaching community in this study. Moreover, research has 
revealed that AR-STEM teaching community, as an organizational 
structure, can better promote teachers’ interactive connection and use of 
social capital (Demir, 2021). A detailed analysis of the features of the 
network structure and nodes is provided below. 

Teachers’ roles may be determined by measuring the structural holes 
(SH), the larger trust network’s structural holes (LTNSH), degree cen
trality (DC), and the higher degree centrality in the trust network 
(HTNDC). A detailed analysis of the features of the network structure 
and nodes is provided below. SH means a broker between contacts in the 
network where teachers on either side of the SH have access to share 
knowledge and resources. Nodes 5, 6, and 8 were the top three nodes 
from the perspective of SH in the network, revealing that they served as 
a “broker” for the teacher learning community. In other words, those 
with higher SH values were more likely to access the resources available 
in the network. 

LTNSH is a broker which connects different groups of teachers in the 
larger trust network. Node 8 had the highest value of LTNSH, indicating 
that he connected with teachers in the subgroups and shared more re
sources and knowledge with different AR-integrated STEM teaching 
community group members than other community members. After the 

interview, it was shown that Node 8 was a teaching and research staff in 
the community. He built strong trusting relationships with other 
teachers and shared his inner beliefs of AR-integrated STEM teaching. 
Teachers with great relationships had similar goals for the future and a 
shared comprehension of STEM teaching and learning. 

The number of points directly connecting to a point in a network 
(DC) is defined as teachers who are central in their AR-integrated STEM 
teaching community’s existing networks. Nodes 15 and 20 had slightly 
higher values than the rest of the network, indicating that they inter
acted more actively with different teachers in the community. The 
interview revealed that Node 15 was an administrative leader, while 
Node 20 was a resource sharer. They both played a similar central role in 
the community. 

Teachers with a higher degree of centrality in the trust network 
(HTNDC) preferred to direct and lead others in a central position in their 
trust networks. Regarding the problems in the AR-integrated STEM 
teaching process, teachers with great relationships were more receptive 
to one another than those without, and they collaborated to solve 
challenges and accomplish objectives by sharing resources. 

Regarding the teachers’ responses to the questionnaire about 
teachers’ roles, the network of teachers’ roles in the AR-integrated STEM 
teaching community had a mean score of 4.25 (S.D. = 1.12), meaning 
that the weighted number of links that each person had on average was 
4.08. Regarding the teachers’ idea-exchange interactions in the real AR- 
integrated STEM teaching and collaboration activity, the sample of 
teachers had network centrality (HTNDC) in their networks with a mean 
score of 3.65 (S.D. = 1.19), meaning that the weighted number of links 
that each person had on average was 3.65 in the network of teachers’ 
roles in the AR-integrated STEM teaching community. Nodes 5, 16, and 
17 were the top three nodes from the perspective of HTNDC, and they 
also had a high number of weighted links. These three teachers also 
regularly shared AR teaching resources with other teachers in the online 
community, indicating that teachers with higher HTNDC values were 
more likely to interact with other teachers. Thus, these findings support 
the belief that teachers who play more central roles in the AR-integrated 
STEM teaching community are accepted. 

4.2. Teachers’ perceived support for overcoming barriers to AR-integrated 
STEM teaching 

In this section, the results are divided into two main parts. The first 
part consists of results from content analysis of what social networks are 
like. The second section reveals the results of how teachers received 
mutual support in the network and how teachers made sense of the 
support they perceived, which reflects teachers’ connections within the 
network structure. 

4.2.1. Result of content analysis 
The results are shown concerning research question 2. Table 4 re

ports the quantitative process’s support data based on the distribution of 
the 262 coded data gathered over 1 week synchronously and asyn
chronously regarding the AR-integrated STEM teaching system. 

Fig. 3. Network sociogram.  

Table 4 
The descriptive data on the teachers’ perceived support for overcoming barriers 
to AR-integrated STEM teaching.  

Variable Frequency Mean SD 

FO 76 1.98 3.33 
SO 52 1.11 1.49 
TO 50 0.66 1.19 
DO 84 0.49 1.12 

Note. FO: perceived support for overcoming first-order barriers; SO: perceived 
support for overcoming second-order barriers; TO: perceived support for over
coming third-order barriers; and DO: perceived support for overcoming fourth- 
order barriers. 
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Based on the results shown in Table 4, the teachers on average 
delivered 1.11 ideas or information for social purposes and 5.57 ideas in 
total in the AR-integrated STEM teaching and collaboration activity. 
Moreover, one-third of the teachers (29%) engaged in perceived support 
for overcoming first-order barriers by asking and providing details about 
extrinsic obstacles (FO), whereas perceived support for overcoming 
second-order barriers regarding teaching beliefs (SO) occupied 20% of 
the participants, respectively. Higher phases of perceived support for 
overcoming barriers were also found in this study. The teachers devoted 
19% of their discussion to perceived support for overcoming third-order 
barriers (TO) in total and 32% of their discussion to perceived support 
for overcoming fourth-order barriers (DO) in total. The discussion on 
higher phases of the knowledge process indicated that using an AR- 
integrated STEM teaching system in the teaching community with suf
ficient support, such as leading questions for each group, facilitates 
teachers’ AR-integrated STEM teaching and collaboration. The inter
view feedback also provided an explanation of the teachers’ perceived 
support for overcoming the first-to fourth-order barriers. Thus, the 
teachers showed more perceived support for overcoming barriers to AR- 
integrated STEM teaching statistically for fourth-order barriers, which in 
turn might form final themes. 

Table 3 shows situational excerpts for each order. In terms of FO, 
extrinsic obstacles support (e.g., equipment and devices) could be 
accessed via face-to-face consultation and collaboration among com
munity members, which can effectively overcome the barrier to col
lecting online interaction data. By leveraging enough features on iPad 
devices, the successful collection of students’ online interaction data 
becomes possible in AR-integrated STEM courses. In terms of SO, 
community members played a crucial role in supporting teachers to 
overcome intrinsic obstacles and insecurity related to the implementa
tion of AR technology during the challenging COVID-19 period. These 
community members who were skilled and reputable in AI education, 
served as role models for others and improved their beliefs about AR- 
integrated STEM teaching. In terms of TO, experienced teachers can 
proactively guide novice teachers by explaining the organizational rules 
face-to-face and offering support in instructional management. This 
collaborative effort ensures a more efficient and well-managed AR-in
tegrated STEM classroom environment, avoiding distractions caused by 
students’ excessive focus on AR resources. In terms of DO, when it 
comes to designing AR-integrated STEM projects, teachers potentially 
struggle with barriers to interdisciplinary instructional design. Teachers 
of various disciplines within the trusted community can offer valuable 
resources and assist in adding scaffolding and optimizing instructional 
designs in online and face-to-face environments. 

4.2.2. Result of interview analysis 
An analysis of the transcripts of the interviews with 20 teachers 

provided a clear picture of teachers’ perceived support for overcoming 
barriers to AR-integrated STEM teaching. The characteristics of 

interview participants were shown in Table 5. These teachers were asked 
to describe their perceived support in AR-integrated STEM teaching. 
Interview data reflected that teachers in different roles have perceived 
different levels of support. This study found that the group founder and 
leader, experienced core member, new core member, and periphery 
actor reported participation rates of 86.12%, 82.20%, 78.6%, and 58.9% 
of all interview participants, respectively. These results reveal that 
compared with other teachers’ categories, participation rates of Teach
ers 9, 15, and 20 who served as group founders and leaders are likely to 
be larger in taking part in the AR-integrated STEM teaching activities. 
These suggest that the teachers who have values of HTNDC in their 
characteristics regarding the result of SNA were more central in a trusted 
AR-integrated STEM teaching community than other members. 

According to the interview, regarding support of technology inte
grated with instruction, Teacher 6, a new core member, mentioned: 

I am an English teacher. I am not very familiar with technologies and 
interdisciplinary teaching approaches. I participated in several face- 
to-face training sessions and meetings where Teacher 15 taught me 
how to use different technologies for AR-integrated STEM teaching. 
These sessions are great for learning new skills, knowledge, and 
emotional interaction. Since I picked up things quickly, I was invited 
to conduct similar training for other teachers in need. 

A periphery actor, Teacher 11, he said that he frequently accessed 
pertinent teaching resources from the AR-integrated STEM teaching 
system, including videos of community teachers’ classes and AR 
courseware designed for their instruction. These user-friendly resources 
can be readily incorporated into my courses with minimal or no modi
fications. They have greatly aided me in quickly adapting to and 
implementing AR-integrated STEM teaching. Hence, he is deeply 
appreciative of the teachers within the community who generously 
share these online resources. 

These indicated that teachers could receive first-order support and 
enhance the quality of AR-integrated STEM instruction by receiving help 
from other teachers in face-to-face and online communication. 

Teachers 2, 8 and 5 were experienced core member teachers. As for 
the support of belief and literacy about AR-integrated STEM instruction, 
Teacher 2 said that in reality, numerous teachers possess great capa
bilities. Nevertheless, they may experience a depletion of mental energy 
when confronted with consecutive tasks, leading them to consider giv
ing up. What they truly require is an outlet to share their mental state, 
seeking empathy or spiritual support from fellow teachers. It is crucial 
for them to establish trust among each other, ensuring that their con
fessions are not misconstrued as mere complaints. When teachers within 
the community encounter frustration, he typically offers words of 
encouragement or lend a listening ear to their reflections. 

Teacher 8 said “In the community, I propose the notion of flexible 
adaptation in AR-integrated STEM teaching, … as it empowers teachers 
to excel by adjusting to various classroom scenarios. Consequently, we 
are expected to improve the connections between different disciplines.” 
“It is difficult for teachers to re-learn unfamiliar knowledge, especially 
for teachers who have worked for more than 10 years… Thus, I need 
teachers with leadership to address this issue in teaching AR-integrated 
STEM courses”, Teacher 5 said. These comments suggested that teachers 
could obtain second-order support, which improved their teaching 
mental energy and interdisciplinary competence through community 
interaction and sharing. 

When it comes to the support to manage the classroom and decrease 
distractions, Teacher 14, a new core member in the community, said: 

Students may be attracted to AR devices. Therefore, it is important to 
make students focus on the STEM learning project rather than being 
restricted by the devices. In fact, teachers need to keep abreast of the 
latest developments. It is important to guide students to fall in love 
with AR-STEM learning. I have learned some tips from the teacher 
community to encourage students to focus on learning content. 

Table 5 
The characteristics of interview participants.  

Teachers’ 
categories 

Teachers’ 
number 

Participation 
rate 

Teachers’ characteristics 
regarding the result of SNA 

Group founder 
and leader 

9, 15, 20 86.12% Top 3 values of HTNDC 

Experienced 
core member 

1, 2, 5, 8, 
18,19 

82.20% The values of LTNSH, DC are 
both relatively high 

New core 
member 

3, 6, 10, 12, 
14, 17 

78.6% The values of SH, DC are both 
relatively high 

Periphery actor 7, 4, 11, 13, 
16 

58.9% The values of SH, LTNSH, DC 
and HTNDC are significantly 
lower than others 

Note. the structural holes (SH), the larger trust networks structural holes 
(LTNSH), degree centrality (DC), and the higher degree centrality in the trust 
network (HTNDC). 
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Besides, Teacher 1, who was identified as an core member, said that 
among one of the crucial topics in our AR-STEM project, they employ an 
AR-enhanced context involved in the simulation of using firefighting 
robots to escape from a fire accident: 

These firefighting robots were a powerful tool for students to expe
rience unexplored, potentially dangerous tasks. However, the students 
were very crazy about this activity because this was very interesting. To 
decrease distractions caused by the AR-enhanced activity, other teachers 
from the community have helped me improve this course from the 
classroom management perspective. Therefore, we collaborate to make 
students focus on learning the corresponding knowledge. 

These comments highlighted how teachers gained valuable support 
in managing the classroom, decreasing distractions, and reminding 
students to focus on the topic in their AR-integrated STEM teaching 
practices through support from different teachers, which related to the 
third-order support to address barriers relating to management. 

In addition, teachers also talked about the support to generate better 
ideas for solving complex problems in practice, organize other teachers 
for design thinking, and create innovative learning materials, pedagogy, 
and curricula. For example, Teacher 20, a university expert in AR- 
integrated STEM, was identified as having the orientation of founder 
of the group and leader. He was able to provide various forms of 
perceived support to others in the network, including theoretical and 
practical teaching guidance on artificial intelligence education. Teacher 
20 pointed out that teachers need to support each other in the com
munity to enhance their design thinking. He said: 

We will organize other teachers to join in diagnosis activities for 
design thinking. In this process, we work online together in our 
system to identify and solve some teaching issues in the imple
mentation of AR-STEM courses. After teachers shared their instruc
tional design project of Hamlet’s STEM Robot stage play, the 
teaching and research staff could rely on some design thinking to 
optimize teaching. For example, we consider adjusting users’ emo
tions by analyzing some STEM project-making problems caused by 
the different levels of students. In this process, we can generate better 
ideas for making the entire instructional design more effective and 
interesting. 

Teacher 9 was also a founder of the group and a leader. He said that 
he is a designer when working and teaching in an AR-integrated STEM 
community to create innovative ideas: 

I have designed new learning materials and pedagogies. In addition, I 
am involved in engaging our community teachers to develop and 
create various innovative STEM learning activities. I believed that I 
was born to teach STEM. When working with other teachers, I could 
gradually forget everything. 

These comments suggested that teachers in the community could 
their design thinking and successfully integrate AR technology into their 
STEM instruction with the support of other teachers, which concerns the 
fourth-order support to address barriers related to the lack of design 
thinking. 

Based on interview data, the study demonstrated that teachers in 
different roles perceived different levels of support within the commu
nity, including support of technology integrated with instruction, sup
port of belief and literacy about AR-integrated STEM instruction, 
support to manage the classroom and to decrease distractions, support to 
generate better ideas for solving complex problems in practice, and so 
on. For instance, it can be seen that in the network, teachers engaged in 
many AR-STEM teaching activities, such as hosting online meetings 
where teachers share how to better use equipment in AR-integrated 
STEM education, conducting face-to-face training to improve teachers’ 
beliefs about AR-STEM teaching with excellent teaching cases from 
community teachers, organizing teachers to study the classroom man
agement curriculum developed by experts on the AR-integrated STEM 
teaching system, holding seminars where some teachers teach offline 

and experts listen to the lessons online and give feedback later, and so 
on. Teachers in different roles collaborate to promote AR-STEM teach
ing. For example, Teacher 10 stated that he perceived support of tech
nology integrated with instruction, allowing him to provide a blended 
online and offline AR-STEM course, a task he had not previously been 
able to accomplish. Teacher 12 mentioned that she was able to learn 
how to creatively design the instructional process by interacting with 
other experienced core members in the network. These suggested that 
teachers in the community found that the network facilitated their 
collaboration regarding AR-STEM teaching. 

In addition, there are quotes from the interviews which illustrate the 
interaction between different roles of teachers that reflect the structure 
of the social networks. For example, Teacher 19 said: 

I think the interaction and collaboration in the AR-STEM project did 
stir some creativity. Take the novel coronavirus 3D model as an 
example. Teacher 9 is a leader, and he contributes more and in
tegrates everyone’s ideas or thoughts, which I am not good at. 
Teacher 16 provides me with many ideas or references to consider. 
Besides, he is more creative because he has many ideas and in
teractions with others. He can say “Hi” even to unfamiliar people on 
the road, and he has interest in a lot of stuff. I am an idea creator, too, 
and Teacher 5 is mainly working on the programming to make my 
ideas come true. When I need support, I can seek it through our 
project team. I believe the whole AR-STEM community can be a great 
way and resource to complete the cross-disciplinary task of AR-STEM 
teaching. And I can get various kinds of support from different 
disciplinary teachers. I would like to continuously conduct projects 
collaboratively with others. There are things that I cannot work out 
alone. Thus, I want to work in the community. 

This quote from Teacher 19 provides a description of how the teacher 
interacted with others in their social networks. This could be a valuable 
supplement to illustrate the connections between a node’s location in 
the network (see Fig. 3), which revealed that Nodes 5 (i.e., teacher 12) 
and 16 (i.e., teacher 9) were the primary leaders in terms of providing 
teaching resources and research resources, respectively. 

4.3. The relationships between the teachers’ roles and their perceived 
support for AR-integrated STEM teaching through regression analysis 

The hypothesis predicted relationships between the teachers’ sup
port and their roles in the AR-integrated STEM teaching community 
through stepwise regression analysis. Regarding research question 3, 
our analyses in Table 6 indicated that the larger the AR-integrated STEM 
teaching community’s structural holes (SH), the more support was 
achieved for AR-integrated STEM teaching and collaboration (SO-DO); 
similarly, the larger the trust-network structural holes (LTNSH), the 
more support was achieved for AR-integrated STEM teaching and 
collaboration via asking and answering questions regarding beliefs (SO) 
and design thinking (DO). Specifically, SH can significantly and posi
tively predict SO (B = 0.35, β = 0.34, p < 0.01, R2 = 0.313), TO (B =
0.49, β = 0.47, p < 0.01, R2 = 0.242), and DO (B = 0.76, β = 0.57, p <
0.01, R2 = 0.216). In addition, SO (B = 0.72, β = 0.39, p < 0.01, R2 =

0.468) and DO (B = 0.22, β = 0.20, p < 0.05, R2 = 0.292) can also be 

Table 6 
The relationships between teachers’ roles and their perceived support.  

Variable SO FO TO DO 

DC − 0.05 − 0.04 − 0.14 − 0.25 
SH 0.05 ** 0.52 0.01 ** 0.15 ** 
HTNDC 0.43 ** 0.32 * 0.36 * 0.37 * 
LTNSH 0.03** 0.08 0.31 0.41 * 

Note. DC: degree of centrality; SH: structural holes; HTNDC: teachers who have a 
higher degree of centrality in the trust network; LTNSH: the larger trust net
work’s structural holes; *p < 0.05; **p < 0.01. 
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predicted by LTNSH. This finding may suggest that teachers who play 
the role of brokers (with large structural holes) who connect different 
groups of people in their existing teaching community networks, were 
found to share knowledge and resources on AR-integrated STEM 
teaching with other group members. Interestingly, compared to the 
brokers in the existing AR-integrated STEM teaching community 
network, the teachers with larger structural holes who connected 
different groups of teachers in the trust network performed better 
regarding design-thinking support for overcoming barriers. This shows 
that even though their role was maybe the same as that of a broker, the 
role may associate more and perform better at different levels of 
perceived support for overcoming barriers because of the differences 
between the existing AR-integrated STEM teaching community network 
and the trust network. This means that the hypothesis in this study was 
supported. There is a significant relationship between the teachers’ roles 
and perceived support for overcoming barriers to AR-integrated STEM 
teaching. 

Besides, the higher degree centrality in the trust network (HTNDC) 
could positively explain the FO (B = 0.42, β = 0.41, p < 0.01, R2 =

0.192), SO (B = 0.26, β = 0.25, p < 0.05, R2 = 0.317), TO (B = 0.43, β =
0.35, p < 0.05, R2 = 0.193), and DO (B = 0.76, β = 0.57, p < 0.05, R2 =

0.287). As for the teachers who had higher degrees of centrality in their 
trust networks (HTNDC), they were correlated with attaining more 
support for overcoming FO barriers with respect to asking and 
answering questions about details, intrinsic obstacles to teachers’ STEM 
teaching, classroom management obstacles, design thinking skills, and 
disposition barriers to AR-integrated STEM teaching. However, the 
teachers who are central to their existing networks (i.e., trust networks, 
consultant networks, and exchanging information networks) had no 
statistically significant relationships with each dimension of their 
perceived support (i.e., SO, FO, TO, and DO); see Table 6. The results 
imply that whether teachers played roles with a higher degree of cen
trality in the trust network was not related to their perceived support to 
overcome the corresponding barriers, including first-order barriers 
about extrinsic obstacles (FO), second-order barriers regarding intrinsic 
obstacles (SO), third-order barriers referring to management (TO), and 
fourth-order barriers related to the lack of design thinking (DO) in the 
AR-integrated STEM teaching. 

5. Discussion and conclusions 

This study uncovered the importance of teachers’ roles and 
perceived support in the teacher learning community for overcoming 
barriers when designing an AR-integrated STEM teaching community. 

Responding to RQ1, this study noted teachers’ roles in the teacher 
learning community for AR-integrated STEM instruction. Specifically, 
teachers’ roles consist of DC, SH, HTNDC, and LTNSH, among which 
each fulfils its own purpose simultaneously as the AR-integrated STEM 
community evolves. On one hand, SH and LTNSH are associated with 
resources and knowledge sharing in different trusted networks. On the 
other hand, DC and HTNDC could interact actively with other members 
in the existing and trusted networks, leading to a close connection with 
the community members. Therefore, DC and HTNDC could be regarded 
as the roles that need more attention in the AR-integrated STEM com
munity, as they were potential leaders and facilitators in their networks 
when they had adequate perceived support. In line with previous 
research (Lin et al., 2016), they showed that teachers who play more 
central roles were more likely to have adequate educational resources, 
which connect to the guidance given, strong interactions, and the 
sharing of resources in the teachers’ community. In addition, this study 
revealed that the social network of the AR-integrated STEM teaching 
community is the main channel for exchanging learning resources and 
knowledge, and it plays the role of supporting equipment and provides 
social support for distributed teachers. For example, a teacher with 
excellent performance in a certain field will be encouraged to help weak 
or underperforming teachers. The study’s results align with previous 

research, which showed that teaching in a community helps relieve 
teachers’ anxieties because peers and experts support new teaching 
strategies (Jho et al., 2016). AR has become increasingly common in 
STEM education (Ibáez & Delgado-Kloos, 2018). 

Some barriers to AR-integrated STEM teaching were also emphasized 
(Sırakaya & Alsancak Sırakaya, 2022). In the context of this study, 
teachers are not particularly familiar with AR-integrated STEM teaching 
or need a social network of the AR-integrated STEM teaching commu
nity to find ways to solve barriers. They must try to use the solutions in 
teaching practice. Furthermore, these teachers benefit from the oppor
tunity to implement their AR-integration STEM lessons successfully. 
They work together to achieve common success, integrating them into 
their social relationships. At the same time, although the knowledge is 
distributed, it can still be shared, which shows the supporting role of the 
AR-integrated STEM teaching community’s social network. This study 
found that the extrinsic obstacles support (e.g., equipment and devices) 
could be accessed through community cooperation and resource 
sharing. A previous study revealed that teachers would require more 
assistance to get first-order support and become proficient in using the 
new technology (Kopcha et al., 2012). In terms of the second-order 
support, some teachers in the community helped improve members’ 
beliefs about AR-integrated STEM instruction, such as supporting 
teachers to overcome the intrinsic barriers to AR technology imple
mentation during the challenging COVID-19 period. In line with previ
ous research (Jho et al., 2016), they showed that experienced teachers 
helped the teachers get second-order support and become familiar with 
new approaches to interdisciplinary teaching. As Chen et al. (2022) 
highlighted, classroom management could be a usual barrier to 
technology-integrated instruction, leading to cognitive loads. The 
third-order support could be accessed by a well-managed AR-integrated 
STEM classroom environment. The fourth-order support could be 
enabled by providing meta-cognitive scaffolding and pedagogical sup
port to improve instructional designs of AR-integrated STEM teaching. 
Lin et al., 2023 noted that teachers’ technology integration teaching 
needs more educational training, support, and meta-cognitive scaf
folding to engage them in design thinking practices. Compared with the 
previous studies, which only noted the importance of different teacher 
roles concerning multi-interdisciplinary (e.g., Ma et al., 2016) and 
technological integration (e.g., Kopcha, 2012) in their learning com
munity, one of the major significances of this study is that it proposes a 
theoretical framework that reveals teachers’ roles in the teacher 
learning community, and indicates how leaders strengthen teachers’ 
professional development for AR-integrated STEM education by 
providing perceived support from the perspectives of four orders: (1) to 
support teachers who need to overcome first-order barriers to extrinsic 
obstacles, the multi-interdisciplinary community leader could provide 
sufficient resources for helping others solve technological integration 
problems; (2) teachers with second-order barriers regarding intrinsic 
obstacles should be supported with psychological help and positive af
fective feedback to strengthen their beliefs and resistance to 
AR-integrated STEM teaching; (3) to support teachers with third-order 
barriers referring to classroom management, the community should 
teach the teachers how to avoid distractions and reduce cognitive loads 
caused by AR technological integration; and (4) teachers with 
fourth-order barriers related to the lack of design thinking should be 
assisted with meta-cognitive scaffolding and pedagogical support for 
improving the quality of their AR-integrated STEM teaching. 

Further, as a response to RQ2, it could be concluded that teachers’ 
perceived support involved the discussions and collaborative activities 
in the AR-integrated STEM community. This study revealed that the 
significance of teachers’ perceived support for overcoming barriers in 
AR-integrated STEM teaching was directly embedded in the activity 
level rather than perceived support for overcoming barriers in AR- 
integrated STEM teaching. Studies have shown that collaboration and 
interactions in a community can increase members’ sense of efficacy 
(Arici et al., 2019). A professional learning community can be a 
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powerful method of enhancing the pedagogical content knowledge and 
collective knowledge of STEM teachers (Vossen et al., 2020). The 
teachers’ knowledge development can be attributed to their perceived 
support from professional learning-community activities, such as 
post-lesson discussions, peer verbal persuasion, and co-designed lec
tures. In the AR-integrated STEM teaching and collaboration process, it 
is useful for teachers to positively share resources and knowledge to 
foster teaching because of the knowledge distributed in the 
AR-integrated STEM teaching community. Eventually, the final themes 
derived from the qualitative interviews with the content analysis, which 
consisted of four levels of teachers’ perceived support for overcoming 
barriers, may provide useful ideas for developing the teacher profes
sional development framework and facilitating education. 

In response to RQ3, the multiple regression analyses showed that the 
teachers’ roles were significantly predicted variables in the perceived 
support for overcoming barriers to AR-integrated STEM teaching, except 
for the correlation between DC and all the support (i.e., SO, FO, TO, and 
DO). Unlike a previous study which only noted the importance of DC and 
SH in the network to shared knowledge and resources for teachers 
(Demir, 2021), this study revealed that if teachers would like to perceive 
more support for overcoming barriers to AR-integrated STEM teaching, 
they may recommend to play roles in structural holes to become brokers 
for connecting different groups, rather than playing central roles to 
become bridges for interaction with other teachers. Previous studies 
emphasized that participation in social networks is beneficial to teach
ers’ social capital related to teaching outcomes (Demir, 2021; Lin et al., 
2016). Social capital offers insights into the resources that an actor has 
access to by examining the social relationships between others in a 
network, which may eventually support or constrain individual actions 
(Daly et al., 2021). This study further supports and extends this notion 
regarding in the context of AR-integrated STEM. Teachers should 
interact and collaborate more with other members as they exchange 
complex and tacit knowledge and sustain commitments to the commu
nity (Baker-Doyle & Yoon, 2011). These activities will help teachers 
build close relationships with high social-status individuals (i.e., 
teachers with effective experience or resources) and allow teachers to 
perceive higher-order support for overcoming barriers to reduce those 
barriers. 

6. Implications and limitations 

The findings have implications for the theory and practice of STEM- 
teacher education programs in integrating AR. Teachers share knowl
edge and increase their social capital in the community by developing 
trust, consulting research, and exchanging research information (Lin 
et al., 2016; Luo et al., 2020). They perceive high-level barriers by 
interacting with high social-status individuals. This study enriches our 
theoretical understanding of the teacher learning community for 
AR-integrated STEM education by clarifying the roles of teachers. Spe
cifically, besides the teachers’ role as a bridge to connect different net
works of people in the existing AR-integrated STEM teaching 
community network, this study highlighted the roles of teachers as a 
broker to connect different groups of teachers in the trust network, a 
leader to guide other teachers in their AR-integrated STEM teaching 
community existing networks, and the teachers who are central in their 
trust networks, which is important for further enhancing teachers’ 
professional development. Teachers’ professional development for 
STEM education should pay more attention to teachers’ roles in 
AR-integrated STEM teaching communities, and it would be beneficial 
for teachers to address the perceived support for overcoming barriers in 
a targeted manner. 

These findings are aligned with the sociocultural learning theory 
suggest reciprocal learning, collaborating with different people/roles (e. 
g., experts, mentors, peers), teaching each other, and learning from one 
another. In this study, STEM teachers with different teaching back
grounds and technical knowledge have various roles in the community, 

and their learning occurs in socially and culturally shaped contexts. A 
positive learning community needs to encourage teachers to interact 
with each other and engage in informal/spontaneous knowledge con
struction (e.g., technical skills) and formal/research learning (e.g., ideas 
for stem teaching). In other words, the teacher learning community for 
AR-integrated STEM teaching naturally sits in the sociocultural learning 
theory. The findings of this study further contribute to this theory by 
adding an interdisciplinary learning dimension. 

Based on the findings from the SNA, content analysis, and multiple 
regression analysis, a teachers’ professional development framework 
should be developed, in particular for AR-STEM teaching. Thus, the 
study’s implications involve how to build up role setting and support 
perception in teacher learning communities for sustainable AR- 
integrated STEM education. 

Given these findings, this study strengthens the professional devel
opment framework for AR-integrated STEM teaching regarding social 
networks to fill the research gap of little discussion on AR-integrated 
STEM teaching from the views of teachers’ perceived barriers, as well 
as the relationships between teachers’ roles and their perceived support 
for overcoming barriers to AR-integrated STEM teaching. In this paper, 
we propose a five-dimension professional development framework for 
AR-integrated STEM teaching related to the teacher roles and perceived 
support. The five dimensions are: (1) goal guidance, (2) cultivating self- 
organization, (3) data-driven education equity, (4) multi-level AR- 
integration motivation, and (5) sustainable development, see the 
followings. 

First, the results suggest that teachers with a high value of LTNSH 
play the role of a broker in the network, sharing a common AR-STEM 
teaching goal with other teachers. A shared value of the aim of the 
practice is one of the characteristics of a successful community of 
practice in STEM education (Jho et al., 2016). When teaching commu
nity members to have common goals, members will be more confident in 
their ability to recover from difficulties with instrumental help or 
emotional support in a shared context. Therefore, teachers with different 
roles in their learning community should have a common goal. Second, 
this study revealed that when teachers have larger values of DC, they can 
be viewed as potential leaders and facilitators in the trust relationships, 
consultant relationships, and exchange informational relationships in 
the community. While teachers have larger values of SH and LTNSH, 
they play a broker role and share resources and knowledge in different 
and trusted networks. These three relationships in the organization help 
teachers get enough support. Self-organization should be encouraged to 
promote the development of various collaborative self-organizations to 
help teachers perceive adequate support corresponding to their different 
roles for overcoming lower-to higher-order barriers. Third, the findings 
of this study indicate that the peripheral teachers (Nodes 1, 3, 7, and 21) 
in the community were enabled to have more teaching resources and get 
support for overcoming different kinds of barriers by collaborating with 
central teachers in the community, which is beneficial for both teacher 
development and education equity. Therefore, education administrators 
should build an interdisciplinary and intercultural community of prac
tice with participants (such as teaching and research staff, experts, and 
rural teachers), provide useful teaching data resources, and help rural 
teachers develop knowledge and skills to promote data-driven education 
equity. Fourth, our work has led us to conclude that teachers are moti
vated on multiple levels, and the support they receive enables them to 
have the continuous intention to promote AR-integrated STEM teaching. 
It is suggested that multiple incentive strategies and support should be 
used to improve the AR-integrated STEM teaching community by having 
members play different roles. On one hand, teacher educators can show 
teachers excellent AR-integrated STEM teaching cases, such as using AR 
technology to help students understand situations and things and to 
stimulate students’ in-depth cognition. On the other hand, school ad
ministrators should encourage teachers to participate in the teaching 
community and share their practice or barriers, improve teachers’ 
self-efficacy and confidence in teaching, and help other teachers in other 
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ways. Fifth, as a result of their strong relationships and mutual sharing of 
resources and ideas, teachers playing different roles within the com
munity perceive support for their efforts to overcome the barriers of 
AR-integrated STEM teaching. Over time, they collaborate to create a 
sustainable pathway for teacher development, which is crucial for pro
moting AR-integrated STEM education. To enable sustainable teacher 
development, mechanisms and standardized management should be 
improved to benefit the AR-integrated STEM teaching community. For 
example, it would allow teachers and educators to meet or interact 
regularly. They will quickly establish a community culture and enhance 
opportunities for the professional development of the participants with 
collaboration between members (Erickson et al., 2005; Rehm et al., 
2021). 

Several limitations existed in this study. First, the AR-integrated 
STEM teaching community data used in the study were mainly 
collected from the questionnaire and interviews, while there was a lack 
of data on teacher interactions on the system. We could have paid more 
attention to data sources recorded by the system, such as text messages, 
voice messages, teaching video clips, and written materials. Thus, the 
relationship between teachers’ roles and perceived support for over
coming barriers can be further evidenced by these data. Second, we 
suggest that teacher educators conduct targeted training for teachers by 
referring to teachers’ roles in the AR-integrated STEM teaching com
munity, and a special evaluation system should be established to test 
whether teachers’ barriers have been resolved. Finally, although the 
study proposes strategies to promote teachers’ professional develop
ment, it fails to provide targeted support for teachers while resolving 
different barriers. Future research can further develop corresponding 
support strategies to help teachers overcome barriers to AR-integrated 
STEM teaching. 
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