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Abstract: The construction industry has been tasked to adapt to technological advance-
ments that other industries have implemented to grow and remain relevant. One of these
technological advancements is augmented reality technologies. ART combines real and
virtual worlds without completely immersing the individual in a virtual simulation. The
use of ART can significantly improve education and training, especially in the construction
industry, by analysing real-world environments while training in a controlled setting. This
study, therefore, sets out to identify the factors that hinder the use of ART in the built
environment. To achieve this, a quantitative research approach was adopted, and ques-
tionnaires were distributed to professionals in the built environment using South Africa as
the research location. Retrieved data were analysed using both descriptive and inferential
statistics. Findings revealed that investment cost is the major hindrance stakeholders face
in implementing ART for education and training in the built environment. The exploratory
factor analysis result clustered the identified barriers as internal organisation-related,
culture-related, knowledge-related, and educator-related barriers. The study concluded
that stakeholders in the built environment still have major responsibilities to ensure there
is proper awareness of the benefits of adopting ART for education and training.

Keywords: augmented reality technologies; built environment; developing countries;
education; training

1. Introduction

For the construction sector to develop and stay relevant, it must adopt digitalisation
and technological innovations in other industries and sectors, such as the manufacturing
industry [1]. Digitalisation has the potential to improve nearly every element of the
construction business, including project management, budgetary compliance, and health
and safety [2]. A semi-immersive technology called augmented reality (AR) enables users
to view computer-generated content overlaid in the real world in real-time [3]. Without
totally submerging the user in a virtual simulation, AR combines the real and virtual

worlds [4]. Aghimien [5] claimed that technology is developing at a stunning rate as it is
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incorporated into our daily lives and is also changing how we live. According to Li [6], AR
can considerably improve education and safety training by studying real-world situations
while training in a controlled environment, notably in the construction industry.

Given the benefits of using AR in the construction sector, educating clients on how to
interact with this technology is crucial. AR technologies offer immersive and interactive
learning experiences that enhance spatial problem-solving, foster a greater understanding
of complex structures, and improve decision-making processes. Deshpande [7] highlighted
that AR’s ability to present spatially contextualised information can significantly aid in
comprehending object assembly, which is directly relevant to construction projects. More-
over, Radu [8] emphasised the role of AR in reducing cognitive load by providing real-time
visualisations and contextual guidance, making it a valuable tool for both professional train-
ing and client education. Diegmann [9] conducted a literature review that identified key
benefits of AR in educational environments, such as enhanced understanding of abstract
concepts and improved learner performance. These findings are particularly relevant in
the construction sector, where AR can be employed to educate clients about project designs,
material choices, and construction phases through interactive 3D models. Furthermore,
Martinez [10] argued that AR supports practical training and bridges the gap between
theoretical knowledge and real-world applications, making it a powerful tool for client
interaction and education. Hence, learners must actively interact with the technology in a
learning environment for learning to occur [11,12].

According to Ohler [13], students today favour using visual media over reading, lis-
tening, and recalling techniques utilised by prior generations. According to Radu [8], the
accessibility of smartphones has made AR a teaching tool that is extremely accessible to
students at all levels. Additionally, students can now access extra learning possibilities
like interactive simulations and games, even those in elementary school. According to
Mupfunya [14], technology has demonstrated benefits for education since it fosters critical
thinking and accelerates the learning process. While augmented reality technologies (ART)
are widely accessible in developed nations, they are less common in typical developing
nations like South Africa. However, as smartphones become more extensively used, tech-
nology will advance to the point where ART is broadly accessible on more reasonably
priced devices. According to Rodrriguez-Pardo [15], handheld devices are the ideal choice
for a basic ART experience because they are affordable and have a lot of sensors for locating
ART objects.

Before beginning site activities, construction employees should get education and
training to ensure they know all the specifics of each task, including any potential risks or
dangers [16]. Construction is known for its tendency to have a higher fatality rate and to
have staff members work fewer hours. By spotting possible risks before jobs are completed,
accidents in the construction industry can be averted with ART education and training [17].
In addition, it should be remembered that the building sector is entering a new era of
technology, and quick action is required to move the world forward. These technologies
must be incorporated into every scope within the construction ecosystem because the
world is evolving around the fourth industrial revolution (4IR). As a result, this study aims
to identify the factors that hinder the use of ART in the built environment. This is with
the intent to sensitise the stakeholders involved in the built environment on the different
factors to focus on to promote the adoption of ART.

2. Barriers to Augmented Reality Technologies Adoption

Although augmented reality technology may have only recently gained widespread
popularity, by 2026, the market is anticipated to be worth more than $80 billion [18].
In addition to impacting various industries, augmented reality technology (ART) has
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introduced innovative possibilities in academia. It provides teachers and students with
enhanced teaching and learning experiences by integrating interactive and visual elements
into classroom settings [19]. Studies have shown that ART facilitates learning by improving
students” understanding, retaining, and recalling information. Additionally, it assists
teachers in explaining complex subjects and offering visual representations that enhance
comprehension [8,9]. Although AR&VR may be useful for various beneficial causes, there
are numerous obstacles to implementing it in education and training. Additionally, no
educational institution wants to fall behind in the age of digital revolution, especially
when it comes to utilising tools that facilitate procedures. As a result, they accept new
developments and implement them into their daily operations [14].

Adopting augmented reality technologies (ART) in the built environment was hin-
dered by significant barriers, beginning with the investment cost required for implemen-
tation. High initial costs deterred organisations and educational institutions, especially
when the return on investment (ROI) was unclear. Studies by Oke [20] and Afolabi [21]
emphasised the need for comprehensive cost-benefit analyses to justify ART adoption.
Institutions often considered phased implementation to spread costs and demonstrate
tangible benefits over time. Without clear financial justification, decision-makers remained
hesitant to invest. Another critical barrier was the lack of experience among stakeholders
in effectively utilising ART. While leaders in construction firms expressed enthusiasm for
innovation, they often lacked the technical expertise to implement ART effectively [22,23].
This knowledge gap led to poor planning and resistance to adoption, as organisations were
unprepared to address the challenges that arose during the transition. Training programs
tailored to build familiarity with ART were essential to bridging this gap and ensuring
smooth integration.

Effective adoption of ART requires robust systems to manage data related to require-
ments, design documentation, testing, and evaluation. However, as Gausdal [24] and
Adekunle [25] noted, many organisations in the built environment lacked the infrastructure
and policies to ensure proper data management. This deficiency hindered transparency,
accountability, and stakeholder collaboration, creating bottlenecks in the adoption process.
A clear and effective strategy was another obstacle to ART adoption. Transitioning from
traditional methods to digital tools like ART demanded meticulous planning and phased
implementation to minimise disruptions [26,27]. Institutions often struggle to engage all
stakeholders effectively, leading to resistance and misalignment. Developing well-defined
objectives and actively involving employees in the transition process reduced uncertainty
and fostered a sense of ownership.

Additionally, concerns about health and safety (H&S) presented challenges for the
construction industry, which had long struggled with inadequate H&S implementation.
The integration of ART in education and training could have addressed these gaps by sim-
ulating real-world scenarios and improving safety awareness. However, as Malomane [28]
highlighted, the industry’s reluctance to prioritise H&S limited ART’s potential to revo-
lutionise safety standards. Finally, reluctance to change remained pervasive, particularly
among educators and professionals accustomed to traditional methods. Fernandez [29]
and Rejeb [30] argued that adopting ART required technical adjustments and significant
curricular overhauls. The process involved redesigning educational programs to leverage
ART’s full potential, which many institutions were unwilling to undertake due to perceived
risks and resistance to innovation.

To operationalise the identified barriers, as shown in Table 1, it was essential to state
specifically the barriers that are particularly relevant to education and training in the built
environment within a developing country context. Several barriers, such as investment cost,
lack of resources, and poor information management, were more pronounced in developing
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countries due to limited financial capacity, infrastructural deficiencies, and inadequate
policies for managing and safeguarding data. These constraints significantly affect the
ability of institutions in developing countries to integrate ART into their education systems.
Barriers such as legacy infrastructure and reluctance to change were particularly critical
in the context of the built environment. The reliance on outdated systems and methods
often impedes the adoption of new technologies like ART, especially in educational insti-
tutions that lack the agility to adapt quickly. This was further compounded by resistance
from educators and administrators accustomed to traditional pedagogical approaches.
Integrating ART into curricula requires significant cultural and institutional shifts in such
environments.

Table 1. Identified barriers to the adoption of ART.

S/IN Barriers Sources
1 Investment cost [20,21,31]
2 Lack of experience [22,23]
3 Poor information management [24,25,32]
4 Lack of effective strategy [26,27,33]
5 Health and Safety [28,34]
6 Reluctance to change [29,30]
7 Legacy Infrastructure [35,36]
8 Organisational structure [37,38]
9 Organisational leadership [39,40]
10 Lack of resources [41,42]
11 Support systems [7,43]
12 Gamification [44,45]
13 Job insecurity [46,47]
14 Toxic work environment [48,49]
15 Implausibility of the organisation [50,51]
16 Lack of organisational awareness [52,53]
17 Organisational mission and vision [10,54]
18 Limited knowledge of AR’s benefits [9,19]

In the specific domain of education and training in the built environment, barriers
such as health and safety and limited knowledge of ART’s benefits were highlighted.
Developing countries often face challenges in enforcing health and safety standards within
the construction industry, directly impacting the use of technologies like ART that could
improve safety training. Additionally, a lack of awareness about the educational benefits
of ART among policymakers and educators limits its adoption as a teaching tool. The
developing country context further exacerbates issues like job insecurity and organisational
awareness. Concerns about job displacement due to digitalisation are more pronounced in
regions with high unemployment rates, making workers wary of technologies perceived as
threatening their livelihood. Similarly, low levels of organisational awareness in developing
countries hinder the strategic alignment required for the successful adoption of ART.
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3. Research Methodology

The barriers to the adoption of ART for education and training in the built environment
were investigated using a quantitative research method, while preliminary information
was gathered using a literature review. A systematic literature review (SLR) method
was conducted to ensure a comprehensive and rigorous analysis of existing research
on augmented reality technologies (ART) in teaching and its adoption within the built
environment. Articles were systematically identified and selected from reputable databases,
including SCOPUS and Web of Science, using predefined search terms such as “augmented
reality”, “teaching and training”, “built environment”, and “developing countries”. The
search focused on peer-reviewed journal articles, conference proceedings, and reviews
published between 2010 and 2024 to capture the evolution of ART adoption over time.
Inclusion criteria ensured that the selected articles were directly relevant to the research
objectives, while exclusion criteria eliminated studies that did not expressly focus on ART
or its application in education and training within the built environment sector.

South Africa’s Gauteng province was chosen as the target location for this investigation
due to its significant contribution to the built environment sector. Gauteng is the economic
hub of South Africa, hosting a high concentration of construction activities, including
commercial, residential, and infrastructural developments, which makes it an ideal region
for studying barriers to augmented reality adoption in the built environment. Furthermore,
the province has a higher building rate and concentration of built environment professionals
compared to other regions, offering a diverse pool of participants with relevant expertise.

The study targeted built environment professionals, including architects, civil engi-
neers, mechanical engineers, electrical engineers, project managers, construction managers,
and quantity surveyors, as they represent key stakeholders in the adoption of augmented
reality technologies. The study employed a convenience sampling approach to ensure the
practical feasibility of reaching participants actively engaged in construction projects within
Gauteng [55]. The population size and its constitution were not explicitly determined due
to constraints in accessing comprehensive records of the professionals in Gauteng province.
The constraint is influenced by compliance with the Protection of Personal Information
Act (POPIA) in South Africa, which governs the processing and sharing of personal in-
formation to protect individuals’ privacy. This regulatory framework restricts access to
databases containing personal and professional details without explicit consent, posing a
challenge to obtaining a fully comprehensive sampling frame. However, a generic search
for these professionals on LinkedIn and restricted to Gauteng province indicated a total
population of 5645. Using a 99% confidence level at an 8% margin of error, a sample size of
250 was achieved and adopted for the study. A total of 250 questionnaires were distributed
electronically using the accounts of the professionals on LinkedIn, with 235 valid responses
received, representing a 90% response rate.

The questionnaire was designed into two sections on Google Forms, where section
A retrieved demographic information of the respondents while section B focused on the
identified barriers from reviewed literature using close-ended questions. The questionnaire
was carefully designed to not solicit personal information that could reveal the identity of
the respondents in line with the obtained ethics clearance for the data collection process.
The results of the five-point Likert scale questions used in this research were revealed using
the mean item score (MIS). The mean is the most often used measure of central tendency,
according to Eekhout [56]. The MIS index represents the overall participants” actual scores
(as determined by each respondent using a five-point agreement Likert scale) expressed as
a percentage of all the greater probable results on the Likert scale that each respondent may
add to that criterion. Additionally, the retrieved data were also subjected to exploratory
factor analysis (EFA). Using EFA, one can examine the theoretical underpinnings of the
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phenomena and condense data to a smaller set of summary variables [57]. Along with the
EFA used, it was important to verify the accuracy of the data acquired. After establishing
the content validity and doing preliminary data analysis, tests for empirical and theoretical
reliability were carried out for this study [58]. The reliability test conducted revealed a
Cronbach alpha value of 0.926, indicating that the data collection instrument meets the
required threshold of 0.7 and can be relied upon to make reasonable conclusions from the
findings of the study.

4. Findings and Discussion

According to the findings of the descriptive analysis, 41.9% of respondents reported
an honours degree as their highest qualification. Additionally, 7% indicated matric as their
highest qualification, 7% held a post-matric certificate or diploma, 14% held a bachelor’s
degree, 18.6% held a master’s degree, and 11.6% of respondents reported holding a doc-
torate. Architects make up 9% of the professional group, civil engineers 9%, construction
managers 12%, mechanical and electrical engineers 2%, project managers 14%, and quantity
surveyors 54%, which is the majority. The findings also revealed that 7% of the respon-
dents have less than 12 months of working experience, 21% have between 1 and 5 years
of experience, 18% of respondents have between 6 and 10 years of experience, 19% have
between 11 and 15 years of experience, while 35% have above 15 years of experience in the
industry. A total of 2% of the respondents work for developers, 16% work for government
departments, 28% work for consultancy firms, 12% work for contracting organisations,
and the majority (42%) work in academia. Finally, the demographic results show that 56%
of the respondents work for large organisations with more than 250 employees, 16% for
medium-sized organisations with 51 to 250 employees, 14% for small organisations, and
14% work for micro organisations.

Table 2 shows participants’ responses to the barriers to the adoption of ART for ed-
ucation and training. The most predominant barrier is “Investment cost” with a mean
score (MS) of 3.30 and a standard deviation (SD) of 0.741. The other predominant barriers
include “Lack of experience” (MS = 3.28; SD = 0.666), “Reluctance to change” (MS = 3.23;
SD = 0.684), “Poor information management” (MS = 3.09; SD = 0.684), and “Lack of re-
sources” (MS = 3.02; SD = 0.771). The least ranked barrier as perceived by the respondents is
“Limited knowledge of ART benefits” (MS = 2.28; SD = 1.054). Other lowly ranked barriers
as perceived by the respondents include “Implausibility of the organisation” (MS = 2.67;
SD = 0.969), “Health and safety” (MS = 2.40; SD = 1.137), “Job insecurity” (MS = 2.56;
SD = 0.881) and “Organisational mission and vision” (MS = 2.60; SD = 0.728).

Before applying exploratory factor analysis (EFA) to the data, the necessary assump-
tions were tested to ensure the appropriateness of the analysis. The Kaiser-Meyer—Olkin
(KMO) measure of sampling adequacy, which evaluates whether the sample size is suffi-
cient to yield reliable factor analysis results, was computed. As shown in Table 3, the KMO
value was 0.718, which surpasses the minimum threshold of 0.6 and falls within the “good”
range, indicating that the data were suitable for factor analysis [59]. Additionally, Bartlett’s
test of sphericity was conducted to assess whether the variables in the dataset were suffi-
ciently correlated to justify factor analysis. The test was statistically significant (p < 0.05),
confirming that the data matrix was not an identity matrix and was, therefore, factorable.
These results satisfied the assumptions for EFA, validating the use of this technique for
identifying underlying factor structures in the study.
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Table 2. Barriers to the adoption of ART.
Barriers Mean Score (MS)  Std. Deviation (SD) Rank
Investment cost 3.30 0.741 1
Lack of experience 3.28 0.666 2
Reluctance to change 3.23 0.684 3
Poor information management 3.09 0.648 4
Lack of resources 3.02 0.771 5
Legacy infrastructures 2.86 0.861 6
Ejvci eori eCS);rganisational )81 0.699 7
Organisational leadership 2.79 0.861 8
Gamification 2.79 0.888 9
Lack of effective strategy 2.77 0.718 10
Toxic work environment 2.72 0.908 11
Support systems 2.67 0.715 12
Organisational structure 2.63 0.655 13
32%§§isational mission and 260 0.728 14
Job insecurity 2.56 0.881 15
Health and safety 2.40 1.137 16
i‘fgil;‘;zitl;g:y of the 233 0.969 17
]k::;:;ii knowledge of ART 298 1.054 18
Table 3. KMO and Bartlett’s test and validity test.
KMO and Bartlett’s Test
Kaiser-Meyer-Olkin measure of sampling
adequacy 0-718
Bartlett’s test of sphericity Approx. Chi-square 505.240
Df 153
Sig 0.000
Reliability Test
Cronbach’s Alpha 0.868

The total variance explained in Table 4 demonstrates the barriers to the adoption of
ART and respective eigenvalues. The Kaiser’s criterion of retaining factors with eigenvalues
exceeding 1.0 was employed. However, only four factors were retained in Table 4. The
variance of the extracted factor 1 is 41.068%, factor 2 (12.542%), factor 3 (9.193%) and
finally factor 4 (6.587%). The final statistics of the extracted factors and PCA account for
approximately 70% of the overall cumulative variance.
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Table 4. Barriers total variance explained.

Total Variance Explained

Rotation Sums of

. Initiat Eigenvalues | Extraction Sums :)f Squared Loading‘s Squared Loadings

Total Vaf)i:rfce Cunl/tl e Total Val/‘(;:rfce Cum‘l’;olatlve Total

1 7.392 41.068 41.068 7.392 41.068 41.068 4.792

2 2.258 12.542 53.610 2.258 12.542 53.610 5.138

3 1.655 9.193 62.802 1.655 9.193 62.802 2.554

4 1.186 6.587 69.389 1.186 6.587 69.389 4.146

5 0.955 5.304 74.693

6 0.820 4.554 79.246

7 0.792 4.399 83.645

8 0.546 3.035 86.680

9 0.537 2.985 89.665

10 0.462 2.568 92.234

11 0.349 1.937 94.171

12 0.280 1.557 95.727

13 0.237 1.318 97.045

14 0.167 0.928 97.972

15 0.132 0.736 98.708

16 0.096 0.533 99.241

17 0.088 0.491 99.733

18 0.048 0.267 100.000

Extraction method: Principal factor analysis. When components are correlated, sums of squared loadings cannot
be added to obtain a total variance.

Eighteen variables identified from the literature were factored into four clusters, which

are then interpreted based on the observed intrinsic relationship among the variables in the

cluster, as shown in Table 5. which shows the pattern matrix.

i

ii.

A total of four variables were loaded onto cluster 1, as shown in Table 5. These
variables are ‘Organisational structure’ (87.4%), ‘Organisational leadership’ (83.0%),
‘Lack of resources’ (59.6%) and ‘Gamification” (41.1%). All these can be observed to
relate to the structure. The first variable was considered when naming the cluster
because it has the highest impact on the cluster [60]. Similar consideration was
employed in naming subsequent clusters for this research. Therefore, this factor
cluster can be termed ‘Internal organisation-related barriers’ with a variance of
41.068%, making it a major barrier to the adoption of ART for education and training
in the built environment. The reliability report for this cluster showed a Cronbach’s
alpha value of 0.874.

In cluster 2, there are seven variables loaded onto it. These variables are “Toxic
work environment’ (90.4%), ‘Implausibility of the organisation” (78.7%), ‘Lack of
organisational awareness’ (77.2%), ‘Organisational mission and vision’ (73.3%) ‘Job
insecurity’ (71.9%), ‘Health and Safety’ (45.4%) and ‘Support system’ (40.4%). The
common factor to the variables in this cluster is related to the organisational culture
of the establishment. The cluster is therefore labelled ‘Culture-related barriers’
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with a total variance of 12.542%. This cluster is ranked as a barrier to the adoption
of ART for education and training in the built environment behind the variables
in cluster 1. The reliability report for this cluster showed Cronbach’s alpha value
of 0.901.

iii. Cluster 3 has three variables loaded onto it, and these variables are ‘Limited knowl-
edge of ART benefits’ (78.0%), ‘Investment cost’ (69.3%), and “Lack of experience’
(59.1%). These variables relate largely to having adequate knowledge of the recent
global advancements and are therefore labelled ‘Knowledge-related barriers’. This
cluster gathered 9.193% of the total variance to be ranked the third classification of
barriers to the adoption of ART for education and training in the built environment.
The reliability report for this cluster showed Cronbach’s alpha value of 0.935.

iv. The fourth cluster consists of four variables, which are ‘Legacy infrastructure’
(—77.4%), ‘Poor information management’ (—72.2%), ‘Lack of resources’ (—64.6%)
and ‘Reluctance to change’ (—62.3%). As observed in this scenario, the item is
negatively correlated with the factor. When an item generates a negative factor
loading, the raw score of the item is deducted rather than added to the compu-
tations [61]. This implies that higher levels of these variables are associated with
weaker alignment to the factor. In this context, the negative loadings do not neces-
sarily mean that these components lack any relationship with the factor but rather
suggest that their influence is inversely related. These four factors are related to
old-fashioned methods of operating as an organisation, which gives the cluster
the label ‘“Traditional-Problem-Related Barriers’. This interpretation aligns with
their conceptual relevance to traditional problems that hinder innovation and the
adoption of modern technologies. This cluster had a total variance of 6.587%, and
the reliability report for this cluster showed Cronbach’s alpha value of 0.882.

Mirkovi¢ [37] discussed the barriers and hypothesised that they might develop as
a result of how an organisation feels about using digital technology. They referred to
these impediments as internal barriers and contend that it is more difficult to recognise
and address how staff members and other stakeholders in establishments perceive and
feel about digital technology. According to the author, one of the internal obstacles was
connected to organisational structure and leadership. Additionally, the gamification of
technology raises internal barriers that may eventually cause workers to avoid using digital
technologies, such as unhealthy rivalry among employees and a lack of confidence in one’s
own computer skills. Another internal organisational barrier to the adoption of ART is the
lack of incentives and motives, which results in the worker’s lack of recognition or rewards
for their efforts to use digital technologies, as highlighted by Semenets-Orlova [40]. The
attitude toward digital technologies may suffer when incentives are not provided for the
construction educator’s and staff’s extra effort to include digital technologies into their
curriculum and activities.

The study’s findings indicate that cultural barriers are the second hurdle. These
hurdles are characterised by the absence of a common vision, a lack of organisational
understanding, and challenges in dealing with employees’ or other relevant staff members’
divergent viewpoints on using digital technology for education and training [48,50]. The
results show that job insecurity and support structures are additional barriers that can be
attributed to the perspective of organisational connected with regard to the other barriers
defined in the cluster. According to Pereira [52], employees will not be motivated to use
digital devices if the organisational culture does not support training them in digitalisation.
Stakeholders are not given the required training to use sophisticated technology like
augmented reality.
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Table 5. Barrier’s pattern matrix.

Pattern Matrix

Factor

Organisational structure

0.874

Organisational leadership

0.830 Internal

Organisations-Related

Readily available resources 0.596 Barriers

Gamification of the technology 0.411

Unstable work environment 0.904

Not sustainable

0.787

Organisational awareness

0.772

Organisational mission and

vision

0.733 Culture-Related Barriers

Insecure workforce

0.719

Negatively affect health and

safety

0.454

Support structure

0.404

Lack of experience

0.780

Do not see the benefits of ART 0.693 Knowledge-Related Barriers

Investment cost

0.591

Not ready to change

—0.774

Lack of information

—0.722 Traditional problem-related

Lack of resources

—0.646 barriers

Reluctance to change

—0.623

Lack of knowledge is yet another barrier to the adoption of ART. All employees need to
have their fears, anxieties, and misgivings allayed by the organisation’s leadership owning
and communicating the advantages and reasons for adopting the technology. Before it is op-
erationalised, digital transformation has the potential to be disruptive, altering established
roles, processes, and expectations. Educators are expected to worry that implementing ART
in construction operations will be expensive, and businesses frequently hesitate to entrust
corporate teaching activities solely to a computer [23]. For these reasons, it is essential to
introduce change gradually, involve all relevant parties, clearly explain the advantages and
justifications for the initiative, and offer a safe space for queries and grievances. Given the
ambiguity surrounding what digital transformation actually entails and how it will benefit
learners, starting the process and persuading others to adopt it will be challenging [19]. The
establishment must have the necessary information and understanding if it is launching
new digital channels and revenue sources through technology.

The final cluster demonstrated how the connection to established practices influences
whether ART is used in education and training. The educators and trainers are concerned
with the new infrastructure to be used. This is because they understand the old infrastruc-
ture well, and changing their methodological approach to accommodating digitalisation
will require preparedness [24]. Besides reluctance to change, Schuir [35] talked about the
lack of resources as a militating factor in adopting ART. The authors emphasised how
important it is for all construction students to regularly have access to digital tools so they
can learn the specifics of each one. Understanding the distinction between blended learning
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and conventional learning methods is crucial. These significant variables show rather
sensible standards on which instructors decide whether or not to use digital technology
in the classroom. According to the author’s understanding, these elements, however, can
become barriers when teachers decide not to use a digital tool because of one or more of
these elements.

5. Conclusions and Recommendations

This study explored the barriers to adopting augmented reality technologies (ART) for
education and training within the built environment sector. The findings reveal that people,
rather than technology, constitute the primary barriers to the digital revolution in this field.
Resistance to change, insufficient knowledge, and entrenched traditional practices present
significant obstacles to the successful adoption of ART. This underscores the importance
of focusing on the human component in addition to the strategic implementation of ART.
To address these challenges, stakeholders in the built environment education sector must
prioritise creating a supportive culture that encourages technological adoption. Institutions
and organisations should develop comprehensive strategies that address internal organisa-
tional barriers, cultural resistance, and traditional problem-associated obstacles. Successful
ART implementation requires a phased approach, starting with early adopters who can
champion the transformation and gradually expanding to include other groups. Resistance
to change is often rooted in a perception that existing methods are sufficient. Therefore,
leadership must effectively communicate the benefits of ART and align the transformation
with broader organisational and educational goals. From a curricular and educational
perspective, policymakers must integrate ART into the curriculum of built environment
programs in higher education institutions. This will involve revising course content to
incorporate ART-based tools and applications and providing hands-on training opportuni-
ties for students. Institutions should also prioritise acquiring the necessary infrastructure
to support ART integration, such as AR-enabled devices, software, and training facilities.
Collaborative efforts between academic institutions, industry stakeholders, and technology
providers are essential to ensure the sustainability of such initiatives.

Several strategic measures can be implemented to overcome the constraints associated
with adopting augmented reality technologies (ART). One critical approach is to provide on-
going training and development programs for educators, students, and professionals. These
initiatives would enhance their technical skills and deepen their familiarity with ART tools,
ensuring they are well-equipped to integrate these technologies effectively. Additionally,
policy support is essential in fostering ART adoption. Government incentives and funding
schemes can play a pivotal role in assisting educational institutions to acquire the necessary
infrastructure, such as AR-enabled devices and software, to facilitate the integration of ART
into educational practices. Collaboration between educational institutions and technology
providers through public-private partnerships is another key measure. Such partnerships
can help bridge resource gaps and enable the sharing of expertise, thereby accelerating
the adoption process. Awareness campaigns are also vital in addressing misconceptions
and highlighting the practical benefits of ART. Workshops and seminars can be organised
to showcase its potential to transform education and training in the built environment,
thereby encouraging broader acceptance among stakeholders. Lastly, a gradual and phased
implementation of ART is recommended. This approach allows institutions to introduce
the technology incrementally, providing time for users to adapt and minimising resistance
to change. Adopting these strategies can effectively mitigate the barriers to ART adoption,
paving the way for its transformative impact on education and training.

The study has some limitations that should be acknowledged. It focused exclusively
on the Gauteng province of South Africa, which may restrict the generalisability of the
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findings to other regions. However, considering the similar socioeconomic conditions
across South Africa’s provinces, the results apply nationally. Furthermore, the findings
may also resonate with other developing countries facing similar barriers to technology
adoption. Comparative studies in other regions and countries are recommended to validate
and expand upon these findings.
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