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SUMMARY : The digitalization of the construction industry has immense potential for dramatically improving the
industry’s practices. Concerning current measures in construction project management, the industry is still
dependent on traditional construction methods. However, the application of fully automated techniques within the
construction industry has not yet been a widespread practice. Thus, this may explain why there is a slow adaption
of digital growth within the construction industry and specifically in developing countries. This study is aiming to
investigate the acceptance of Building Information Modeling (BIM) and Augmented Reality (AR) integration in
the construction industry. To achieve this aim, Technology Acceptance Model 3 (TAM3) was utilized. The scope
was narrowed down to four developing counties (Malaysia, Egypt, Saudi Arabia, and Turkey) and a questionnaire
survey was developed and distributed between construction professionals in those countries for data collection
purposes. Exploratory Factor Analysis (EFA) was used to develop the TAM, and a regression analysis is used to
validate it. The developed TAM3 showed that users control over BIM-AR and perception of easiness of use has the
highest influence on their perception of the system usefulness, which would positively affect their intention to use
the system. Additionally, unlike the findings of the original TAMS3, three variables of Image, Perception of External
Control, and Voluntariness illustrate new relations which can be considered as a novel outcome. The outcomes of
this study can be used to evaluate the acceptance of BIM-AR Integration in the construction industry context, and
the developed TAM3 can be used for the development of new BIM-AR applications in developing countries as it
can predict the BIM and AR users’ acceptance.
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1.0 INTRODUCTION

Technology is a critical component in the engineering sector, and current technological development has marked
up the industry. It has given versatile tools to support engineering works and professions to improve the outcomes
and increase industry productivity (Eastman et al., 2011; Sabongi, 2009). The construction industry has been
known for being slow in adopting modern technologies and its resistibility to changes and accepting innovative
ideas (Mansor, 2010). The industry is known to be information based and enormous amounts of data, drawings,
specifications, and bills of quantities need to be managed and processed daily (Froese, 2005). Additionally, the
construction life cycle is a big, complex and time-consuming process that contains many parallel activities. From
the preliminary design stage to the demolition of the structure, too many activities are performed which leads to
unwanted waste of resources, time, money, and harm to the environment (Mansor, 2010).

Building Information Modeling (BIM) is the joint effort of stakeholders in the life cycle of a facility to embed,
update, extract, or adjust data in a model to bolster and reflect the role of that stakeholder. The model is a mutual
shared computerized representation with open norms for interoperability (Smith & Edgar, 2008 and Mccuen,
2008). Augmented Reality (AR) would give an environment a personal computer interface that would consistently
coordinate into reality, so that the collaboration between users, different people or the environment itself would
be, “in the most natural and intuitive way” (Riva, 2003). BIM-AR integration consists of using the building
information models and presenting their virtual geometry or other associated data by augmenting them to the real
environments to achieve effective and efficient visualization of the building components. BIM-AR can help in
reduction of construction time, cost, and effort (Hou et al., 2013). Many models exist which can be used to
implement AR solutions and the application of such BIM-based AR technologies in the construction industry has
significantly expanded recently (Piroozfar et al., 2018). Since BIM-AR integrated technologies are still in the
research phase, their full potential is not fully accomplished yet for fully functional real-world applications
(Rankohi et al. 2013). The majority of current studies on BIM-AR integration have mainly focused on a specific
application level; however, there is an insufficient amount of research conducted on issues related to successful
implementation of BIM-AR integration (Wang et al., 2014). Moreover, there has been no study that investigated
how the construction industry is accepting and adopting BIM-AR integration within their processes. There have
been various studies that investigated BIM solely (Lee et al., 2017; Lee et al., 2015 and Son et al.,2014) or AR
(tom Dieck et al., 2018 and Leue et al., 2014) acceptance and adoption individually but not their integrated BIM-
AR acceptance in the construction industry. Hence, this study aims to fill this knowledge gap by developing a
Technology Acceptance Model (TAM) based on the integration of BIM-AR. TAM is an empirical model that can
predict why and how IT users start and continue using modern technologies (Venkatesh and Bala, 2008). The study
is significant as the developed TAM outcomes define the specific factors that affect BIM-AR Acceptance in
developing countries. Identified factors such as perceived ease of use and perception of external control will be
beneficial for construction organization as well as software developers while adopting or developing new BIM-
AR platforms.

2.0 BUILDING INFORMATION MODELING AND AUGMENTED REALITY

Building Information Modeling (BIM) is not only about 3D models or limited to visualizations but goes far beyond
that. It includes the proper creation and utilization of digitized cost and time related data during the whole project,
moreover, the maintenance of the deliverables lifecycle. BIM offers an improved collaboration environment
between stakeholders in the design and the construction phase, as well as consistent coordination between different
stakeholders (Chong et al., 2016). Augmented Reality (AR) as a part of the intelligently mixed reality, is “an
evolution of traditional virtual reality environments” and is “the most ambitious expression of ambient
intelligence” (Riva, 2003). AR has a compelling concept, which is making users satisfied with the digital content
naturally, by effective integration of the two environments (Wang and Dunston, 2006). Bearing in mind that AR
naturally includes the human sensations with both genuine and virtual data sources. It is also found that AR ought
to be universal and cooperate with exact situating advances, for example, laser indicating. BIM gives moderately
static and pre-characterized information and data. AR gives nearby growth and in addition to location detecting
considering vision-based AR, can be a tracking apparatus too. AR, as a class of simple access interface, can change
how site managers and other workers associate and retrieve advanced specialized data in BIM (Wang et al., 2012).

There have been several studies on BIM and AR integration in the construction literature. To improve tasks
productivity through information handling, Chu et al. (2018) assessed the efficiency of BIM-AR integration and
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developed a BIM-AR cloud-based mobile application that helped in improving task efficiency by enhancing the
process of data recovery during construction. A new methodology was proposed by Zaher et al. (2018) for
monitoring the progress of construction work by developing an application for smartphones called “BIM-U” and
an AR mobile channel called “BIM-Phase”. The proposed methodology offers new opportunities to measure and
monitor the progress of work utilizing BIM and AR. Due to the fast adoption and development of AR applications,
there are many chances to integrate AR and enhance the traditional methods used in the various fields of the
construction industry (Chi et al., 2013).

In an earlier study, Williams et al. (2015) developed an application called BIM2MAR and conducted a pilot study
in a health-care facility management context and proposed a technique to give multiplex geometry through AR on
a computationally simplified mobile system. In another BIM-AR integrated study, Kwon et al. (2014) established
two types of deficiency management platforms including: (1) a platform that matches pictures for quality
inspection without being in the actual job site; and (2) a mobile AR app that allows managers and workers to
instantly recognize dimensions errors and exclusions on the work site. The two platforms are based on BIM, image-
matching, and AR. The results support the effectiveness of the BIM-AR integrated system in instant exclusion and
error recognition at real work sites. In another study, Chi et al. (2012) assessed an AR-enhanced teleoperated crane
interface and discovered that the incorporation of AR in the construction machinery users interface has a positive
effect on the performance of crane workers. In another BIM-AR integrated study, a monitoring tool for carbon
footprint was proposed by Memarzadeh et al. (2012) which is based on producing AR-models in which the
anticipated and emitted embodied carbon footprint of a project are mutually depicted in a standard BIM-based 3D
environment. This BIM-AR integrated platform gives professionals an opportunity during coordination and
submittal processes to ensure the punctual delivery of materials and to reduce carbon footprints of their projects.
In another project, a new technology to prevent collisions between visual excavators and utilities was developed
by Talmaki et al. (2010) through superimposing 3D information models of buried utilities over an excavator's
workspace. The platform was utilizing geo-referenced AR to allow the operator and the spotter(s) to view the data
and determine the type and location of utilities that exist in the area of the excavator. BIM-AR integration has
become a common trend in the Architecture, Engineering, and Construction/ Facility Management (AEC/FM)
literature which will maximize the potentials of BIM on site, and eventually becomes a digital toolkit for AEC/FM
workers or professionals to easily access and interact with building information models on location-dependent
contexts (Wang et al., 2013). It is also anticipated that such integration will ultimately be more utilized in the
construction industry and improve safety, efficiency, and productivity of work (Chi et al., 2013).

2.1 BIM-AR Adoption

Many industry professionals in Architecture, Engineering, and Construction (AEC) specializations have been using
BIM in construction and design. Whereas, there were not many endeavors investigating real-time correspondence
and joining of BIM to the site, as well as the communication and integration of BIM within site. It is thought that
AR can satisfy this vision successfully by placing BIM directly into the physical context of every activity for the
construction industry. The integration of AR and BIM (BIM-AR) can provide a collaborative platform that will
help in managing and exchanging all project related data. This collaborative platform can be supported and
accessed on all mobile devices. Building Information models can be visualized on mobile phones and tablets via
AR to help the construction stakeholders throughout the construction process to improve work quality (Wang et
al., 2013). BIM-AR frameworks can recognize the interconnection, furthermore, the complication of the tasks
derived from various parts that primarily concentrate on their individual tasks. Also, BIM-AR can improve making
the interconnection between work tasks more explicit. Such integration makes the existing intricacy and
interconnection to be managed better on site. As BIM-AR platforms are used, they can visually illustrate the correct
and precise data from building information models to various users on the project. This way, all the workers and
professionals on the site will be able to observe and see the progress of the work tasks at different stages, from start
to finish of the project (Wang et al., 2014).

3.0 Technology Acceptance Model

Davis (1989) defined the Technology Acceptance Model (TAM) as a technique that is utilized for modeling user
acceptance of information systems. TAM assumes that two convictions dictate an individual's behavioral aim to
utilize a system. One is perceived usefulness, characterized as the degree to which a person trusts that utilizing this
system will improve his or her employment execution. Secondly, the perceived ease of use, characterized by the
degree to which a person trusts that utilizing this system will be free of exertion. It has been assumed that the
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effects of external factors (e.g., training, system characteristics and development procedures) on the expectation to
use is intended by perceived usefulness and perceived ease of utilization. TAM 3 was developed by Venkatesh and
Bala (2008) to complete the model integration with the antecedents of TAM. TAM 2 added the antecedents of
perceived usefulness, while TAM 3 is expanded by the factors that forego perceived ease of use that have already
been presented in Venkatesh and Davis (1996) and Venkatesh (2000). Specifically, adding on the anchoring
(perceptions of external control, computer anxiety, computer playfulness, and computer self-efficacy) and
modifying framing (objective usability and perceived enjoyment) decision making by humans as shown in Table 1.

Table 1: Variables Definitions in TAM3 by Venkatesh and Bala (2008)

Variable Definition
Subjective Norm "Person's perception that most people who are important to him think he should or should not perform the
(SN) behavior in question”

Voluntariness

(voL) "The extent to which potential adopters perceive the adoption decision to be non-mandatory".

Image

(IMG) "The degree to which use of an innovation is perceived to enhance ones... status in one's social system."

Job Relevance . . . o .
“As users’ understanding regarding the degree to which the chosen framework is viable to the users’ job.”

(REL)

Output Qualit

(OUpT) Quality “Users will consider how good and the quality if the tasks performed by the framework.”
(R;Eusl)t Demonstrability "Tangibility of the results of using the innovation"

Computer  Self-Efficacy | “The degree to which an individual believes that he or she has the ability to perform a specific task/job using
(CSE) the computer.”

Perception of External | “The degree to which an individual believes that organizational and technical resources exist to support the
Control (PEC) use of the system.

Computer Anxiety The degree of “an individual’s apprehension, or even fear, when she/he is faced with the possibility of using
(cA) computers”.

Computer Playfulness | .. . Lo . N

(CPLAY) The degree of cognitive spontaneity in microcomputer interactions”.

Perceived Enjoyment | The extent to which “the activity of using a specific system is perceived to be enjoyable in its own right, aside
(ENJ) from any performance consequences resulting from system use”

Venkatesh and Bala (2008) integrated TAM 2 (Venkatesh & Davis, 2000) and the model of the determinants of
perceived ease of use (Venkatesh, 2000) and created an integrated TAM 3. TAM 3 produced a fully complete
network of the determinants of IT utilization and adoption (Figure 1).

Technology acceptance models (TAMSs) were also used in a few studies within the construction domain. In a very
recent study, Liu et al. (2018) developed an extended TAM to reflect the changes in attitude of construction
practitioners that were modeled from a two-year longitudinal study which was conducted in parallel with the
development of a smart system for prefabrication housing construction. The results of that research show that
smart construction system developers should always improve the usefulness and user-friendliness of a system to
facilitate its adoption. In another study, Niu et al. (2018) discussed that the initiatives of radio frequency
identification (RFID) technologies and RFID-enabled management systems are yet to be fully accepted and
adopted in practice. Moreover, they proposed an extended TAM as a guiding framework to give a better
understanding of the practitioners’ adoption and use behaviors. The research demonstrated that the construction
practitioners’ attitude is changing and heavily affected by the project managers who take the roles of system
execution, or by peers who have harvested the benefits of such RFID-based systems. In another TAM study, Lee
etal. (2017) developed and tested a conceptual model-based TAM that explained selection behavior in alternative
dispute resolution methods in construction projects. In the same year, the Scanner Technology Acceptance Model
(STAM) was proposed by Sepasgozaar et al. (2017) by using two major criteria; ‘usefulness’ and ‘ease of use’ for
the acceptance of 3D scanners. The results demonstrate that STAM allows the suppliers of 3D scanners to expect
the rate of diffusion and ease it for the users to decide on the proper technology they need for their project.
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Figure 1: TAM 3 by Venkatesh and Bala (2008)

TAMs have also been used for studying building information modeling (BIM). In a very recent study on using
technology acceptance models for BIM, Hong and Yu (2018) summarized the external variables that influences
the use of BIM applications and explained the predicted impacts when the relationship among those external
variables are assumed and verified by TAM. This study contributed to the development of mobile devices BIM-
based user-oriented tools. In another study, Lee and Yu (2017) noticed that there is a high number of users who
abandon BIM and therefore, developed a discriminant model of BIM acceptance readiness. The developed model
increases awareness for evaluating and predicting BIM acceptance readiness. In another technology acceptance
study of BIM, Guo et al. (2017) analyzed the degree of acceptance when using BIM in facade construction. Using
such prior analysis, the acceptance level of BIM could be projected, and the factors affecting the user’s negative
attitude could be found. Thus, the builders could improve the factors and coordinate with users, making BIM
technology be accepted in fagade construction. Lee and Yu (2015) developed a TAM model to clarify the reasons
for BIM adoption, how to enhance it and to realize the differences between the United States and Korea in the
mechanism of BIM acceptance. The outcomes of the study showed that users in the US had higher adoption level
for BIM than Korea and the two countries have different mechanisms for BIM acceptance. In another study, Son
et al. (2014) found that there is a lack of realization of the expected benefits of BIM and examined the factors that
can ease BIM adoption for architects. The outcomes of this technology acceptance study showed factors such as
subjective norm, compatibility, and computer self-efficacy could influence the behavioral intentions for architects
to BIM adoption. A few studies also used TAMs to study augmented reality (AR). Leue et al. (2014) developed an
AR-TAM model and defined new external variables, such as perceived interest, costs, information quality,
perceived pleasure, and personal innovativeness, that affect perceived ease of use and perceived usefulness in AR-
TAM. In another recent study, (Dieck and Jung, 2018) developed an AR-TAM model that proposed seven other
external variables such as data quality, the cost of utilizing, recommendations, system quality, risk, innovativeness
and facilitating conditions. All the previous studies have investigated the BIM and AR technology acceptance
individually, and there has been no study that investigated how the construction industry is accepting and adopting
BIM-AR integration within their processes. This study aims to fill this knowledge gap by developing a Technology
Acceptance Model (TAM) based on the integration of BIM-AR.
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4.0 METHODOLOGY

The research instruments that have been chosen for the study is a literature review followed by a survey study to
help in the data collection procedures and to achieve the objectives of this study. The TAM3 (Venkatesh and Bala,
2008) was adopted to create the questions within the survey. The analysis for the questionnaire is divided into two
sections: Demographics and development of TAM3. For the first section of the questionnaire, the descriptive
analysis will be carried out to identify the respondent’s demographic characteristics. In the second section,
respondents were asked a group of questions regarding each factor of the TAM3 (e.g., perceived usefulness
perceived ease of use, computer self-efficacy). The final answer for each factor was measured based on a 7-point
Likert scale (1: strongly disagree to 7: strongly agree). Finally, several statistical techniques such as reliability
analysis, exploratory factor analysis (EFA), and regression analysis were used to develop and validate the TAM3.
The Maximum likelihood (Tabachnick & Fidell, 2007) was used for factor extraction in the factor analysis
technique. This method attempts to analyze the maximum likelihood of sampling the spotted correlation matrix
and is also used for estimating the loading of the factors for a population. Additionally, varimax method (as
suggested by Tabachnick and Fidell (2007); Hair et al. (2006); and Pallant (2007)), was used as the most common
orthogonal approach to minimize the numbers of variables which have high loading value on every single factor.

The study targeted construction professionals in four developing countries (Malaysia, Saudi Arabia, Egypt, and
Turkey). Around 85.4% of the world's population lives in developing countries, and according to the united nation
country classification report (2014), these four countries fall under the developing economics category which
reflects their similar basic economic country conditions. Similar low-level of BIM and AR adoption in those
developing countries, familiarity and previous experience of authors with the construction industry in those
countries, as well as authors’ accessibility to professionals in those countries were among the main reasons to
choose those four countries for this step of our research. Google form was used to develop and administer the
survey and facilitate data collection. The survey invitations were sent via emails and LinkedIn messages as a URL
that allows the participants to access the survey questions directly. The survey lasted for around two months and
then the data were downloaded and prepared for the analysis after the closing of the survey. From the 100
invitations sent for the survey, 61 respondents were received, and 58 respondents of them were valid for the data
analysis. Many of the missing values were found in 3 out of 61 responses, which happened in a random pattern
and the decision was to exclude these three responses to avoid any effects on the results. These 3 responses are less
than 5%; hence, the problem of missing data is not serious as per (Tabachnick and Fidell, 2007). Field (2009)
recognized the acceptable loading level of the factors as 0.7 when the sample size is 50 or more. Additionally,
Masrom (2007) in a similar study identified 0.6 and above as an acceptable value for the factor loading which has
been adopted by this study. The respondent’s demographic characteristics are illustrated in Table 2.

Table 2: Respondents Demography

Country of Origin # (%) | Position # (%) | Years of Experience # (%)
e Egypt 25.8 | o  Civil Engineer 51.7 | e Less Than 3 Years 39.6
e Malaysia 29.4 | e«  Architect 156 | e 3-10 Years 44.8
e Turkey 24.2 | e«  Project Manager 103 | e  More Than 10 Years 15.6
e Saudi Arabia 20.6 | ¢ Other 22.4

To check the reliability, a Cronbach's Alpha was conducted to confirm that the results are relevant and acceptable
for the Likert scale (Maidabino and Zainab, 2011). According to (Davis, 1989; Hinton et al., 2004; Field, 2009),
Cronbach Alpha method is the most appropriate method for reliability testing of the TAM questionnaire. The
standardized Cronbach’s Alpha value is 0.959. This value is very high and only 0.41 difference from 1 which
proves that the questionnaire questions has a very high overall reliability (Davis,1989; Hinton, et al., 2004; Field,
2009). Bartlett’s test of sphericity (Field, 2006) was conducted and the outcome supported the factorability and
illustrated the existence of non-zero correlation and high level of homogeneity between the variables. Bartlett’s
test of sphericity showed an approximate Chi-square of 2072.35 with 630 df and significance 0.000. The Kaiser-
Meyer-Olkin Measure of Sampling Adequacy KMO is 0.776 which exceeded the value of the cut-off point of 0.6
as recommended by Hair et al. (2006) and Field (2006).
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5.0 RESULTS AND DISCUSSION
5.1 Exploratory Factor Analysis

Exploratory Factor Analysis (EFA) is utilized when several factors affecting the variable need to be determined
and to analyze which of the variables can match together (Yong & Pearce, 2013). The EFA produced 10 factors
solution because only 10 factors are retained as this study considers 0.6 and higher according to Hair et al. (2006)
as an acceptable level of variance in the factors loading, and the extracted factors account for 77.93% of the total
variance. All factors with loadings higher than 0.6 are reported in Table 3. These factors are perceived ease of use,
perceived usefulness, perceived enjoyment, image, computer anxiety, job relevance, voluntariness, behavioral
intention, result demonstrability and perception of external control. Factors such as computer playfulness,
subjective norm, experience, and output quality were excluded due to their low loading (less than 0.6).

Table 3: Rotated Factor Matrix of TAM with the retained factors

Factors and Variables ‘ Loadings
Perceived Ease of Use (PEOU)

e  The system is easy to use 0.85

e  FEasy to control 0.82

e  Won’t require mental effort 0.73
Perceived Enjoyment(ENJ)

e  Using the system would be fun 0.79

e  The process of using the system would be pleasant 0.78

e  The system would be enjoyable 0.74
Image (IMG)

e  System users have more prestige 0.92

e  Having the system would be a status symbol 0.90

e  System users would have a higher profile 0.84
Behavioral Intention (BI)

e  The user would use the system if he has access 0.75
Perceived Usefulness (PU)

e  The system would increase the productivity 0.72

e  The system would improve my job performance 0.71

e  The system would enhance effectiveness in the job 0.71
Computer Anxiety (CANX)

e  Computers make me feel uneasy 0.94

e  Computers make me feel uncomfortable 0.91
Job Relevance (REL)

e  The usage of the system would be important 0.82

e  The usage of the system would be relevant to my job 0.76
Voluntariness (VOL)

e  The system is not compulsory in my job 0.81

e [ wasn’t told to use the system 0.75
Result Demonstrability (RES)

e Using the system can facilitate communications to others 0.80

e  System results would be apparent to me 0.63
Perception of External Control (PEC)

e | would have control over the system | 0.78

Interestingly, the most significant factors that affect users’ image are the user’s prestige (Loading: 0.92) and the
status symbol (0.90) when the organization starts utilizing the BIM-AR. This indicates the prestige the users may
gain when they utilize modern technology in their organizations. On the other hand, the most significant factors
that influence anxiety from computers, are that computers make them feel uneasy (0.94) or uncomfortable (0.91)
and this might be the case for older users in developing countries. A significant factor that influences the enjoyment
is that users expect using the system to be fun (.79) and enjoyable (0.74) as technology is always perceived as a
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fun activity. Additionally, users would utilize the system more if they were not told to do so (0.75) and even if it
is not compulsory by their company (0.81), which is an excellent indication for the user’s readiness to accept and
utilize BIM-AR voluntarily. Users perceive the usefulness of the system if it would increase their productivity
(0.72), enhance their job performance (0.71) and effectiveness at their jobs (0.71). All other factors have loadings
with a value over 0.6 which is considered effective which means that each factor represents their variable efficiently
as recommended by Hair et al. (2006).

5.2 Regression Analysis

Regression analysis includes the study of the correlation between the dependent variable with one or more
independent variables. In this study, a regression analysis was used to investigate the most effective factors of
users’ approach to accepting BIM-AR integration in the construction industry and also to validate the relations in
the developed TAM3.

Table 4 shows the regression results of the TAM. The two external factors are shown to be insignificant. (1)
Computer anxiety has an insignificant effect on the perceived ease of use which indicates the increased awareness
in the developing countries related to computers and smartphones. (2) User image is shown to have an insignificant
effect on the perceived usefulness as users identified the system usefulness as related to enhancement in the
performance and not related to the prestige they have when using the system. On the other hand, the perception of
external control is the most significant predictor of perceived usefulness and behavioral intention. These outcomes
show that users’ control over the system and given the resources and knowledge about the BIM-AR will increase
their perceived usefulness of the system which ultimately will lead to a significant effect on their intention to utilize
the system.

Table 4: Regression Results of TAM3

. . Standardized - Significance
Dependent Variable Independent Variable . Significance P
Coefficients (B) level (P value)
Perceived Ease of Use (PEOU) 0.434 0.000 p<0.05
Behavioral Intention (BI) Perceived Usefulness (PU) 0.473 0.000 p<0.05
Image (IMG) 0.405 0.002 p<0.05
Perceived Usefulness (PU) Perceived Ease of Use (PEOU) 0.506 0.000 p<0.05
Voluntariness (VOL) 0.291 0.023 p<0.05
Perceived Ease of Use (PEOU) Computer Anxiety (CANX) 0.147 0.24 Not significant
Perceived Enjoyment (ENJ) 0.278 0.034 p<0.05
Image (IMG) 0.01 0.45 Not Significant
. Job Relevance (REL) 0.274 0.033 p<0.05
Perceived Usefulness (PU) -
Perception of External Control (PEC) 0.755 0.000 p<0.05
Result Demonstrability (RES) 0.293 0.036 p<0.05

As shown in Figure 2, perceived ease of use has a strong influence on the perceived usefulness which means if
users found the system easy to use, they will have higher confidence in the system usefulness. Perceived ease of
use and perceived usefulness were found to have a strong influence on the behavioral intention to use BIM-AR.
This result supports the research findings of the original TAM model that were utilized by Venkatesh and Bala
(2008) to develop TAM3 by confirming that user’s perceived ease of use and perceived usefulness have a direct
impact on the determinants of the behavioral intention and perceived ease of use and perceived usefulness have a
direct influence on the user’s intention to accept and use BIM-AR.

The perceived usefulness of BIM-AR appears to have a bit higher effect on the intention to use the system
compared to the perceived ease of use, as users prefer to use BIM-AR because it is useful to them even though it
may need an effort to use. Additionally, enjoyment is found to have a direct impact on the ease of use. This
relationship shows that the more enjoyable BIM-AR is perceived to the users, the more perception of easiness they
have to the system, and ultimately the more useful they will perceive the system, they will be more motivated to
use the system.

Job relevance has a direct influence on perceived usefulness, which means if the users found the BIM-AR relevant
to their job, it will increase their perception of its usefulness and their motivation to use the system. That might
depend on the user’s awareness of the technology; as if their awareness is low, they might perceive the technology
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as non-relevant to their job and accordingly they would not consider it useful or get the intention to use it. Also, if
using BIM-AR would improve the collaboration between different stakeholders (result demonstrability), this
would have a direct influence on the perception of the system usefulness and the intention to use it. This outcome
illustrates how critical industry stakeholders perceive collaboration.
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Figure 2: Developed TAM for BIM-AR Integration with Regressions Analysis

Users’” image and prestige for using the BIM-AR are found to have a significant impact on the intention to use it,
which is considered the unexpected result as in the TAM 3 developed by Venkatesh and Bala (2008). Users’ image
influences on the perceived usefulness of BIM-AR. However, the image did not have a significant impact on the
intention to use the system which indicates that the users care about their image and prestige and may use BIM-
AR because of the prestige they get while utilizing it. This result shows how significant the prestige is in using
these technologies and illustrates its impact on the actual usage.

Moreover, the perception of external control was found to have a very strong influence on perceived usefulness
and not perceived ease of use unlike in the original TAM 3 model, as users perceive that their control over the
system will have higher influence on the usefulness of the system more than the easiness of use. This indicates that
control is a crucial factor when determining system usefulness. Voluntariness was found to have a direct influence
on perceived ease of use and not the perceived usefulness, unlike the TAM3 by Venkatesh and Bala (2008), which
indicates that when users use the system voluntarily they find it easier to use more than if they were told to use it.
This shows the user’s readiness to utilize BIM-AR and it has no influence on their perception of how useful the
system is.

5.3 Study Limitations

There are limitations related to this study that need to be mentioned. The sample size is small, and some caution
is necessary for generalizing the findings of this study. According to Hatcher (2005), for TAM questionnaire, the
recommended sample size should be five times the number of variables. This study had 50 variables, and effective
sample size should have been 250. In a few years and with further implementation of BIM-AR, a similar study
should be conducted with larger sample size. The other limitation of the study is the scope of it which was limited
to a few developing countries. A similar study should also be conducted with the scope of developed countries
with which to compare the findings of this study. There is a good potential that the outcomes of such study targeting
developed countries might be different from the developing ones due to the broad integration of IT solutions in
the construction industry in developed countries, unlike the developing ones. Finally, the results of this study could
have been analyzed and validated using a different approach than using factor analysis and regression analysis.
Structural Equation Modeling (SEM) can be used to analyze the results of this study. SEM uses Confirmatory
Factor Analysis (CFA) which is a statistical method that detects the structure of factors by taking into account their
components (Suhr, 2006).
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6.0 CONCLUSION

Perception of external control and perceived ease of use are the most significant predictors of the user's perceived
usefulness for BIM-AR platform, which means users would perceive the system as useful and have confidence in
if they believe that they have control over it and access to the required resources. Perceived ease of use and
perceived usefulness are the most influential factors on the user’s behavioral intentions to use the BIM-AR which
also supports the TAM results. The three variables of image, perception of external control, and voluntariness were
found to have a new relationship as well as an effective influence on behavioral intention, perceived usefulness,
and perceived ease of use respectively. These results are different than what TAM 3 was illustrating and is an
indicator of this study’s unique results. This study generated a new validated TAM model for the BIM-AR
integration which can evaluate the user’s acceptance of these technologies in the construction industry within the
scope of developing countries. However, some caution is necessary for generalizing the findings of these results
due to the limitations of this study. The developed TAM3 model can also be utilized by software developers or
other organizations to evaluate the acceptance of new BIM-AR systems. Software developers can consider
important factors identified through this study, such as ease of use and the perceived enjoyment of the software,
to create BIM-AR platforms that have a higher possibility to be used and accepted by the users. For organizations,
providing training for the stakeholders before using the system appears to be significantly effective as users
perception of external control and ease of use are among vital factors for accepting the BIM-AR.
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