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Abstract: Inefficient and ineffective practices in the construction industry have hindered productivity
even though it is considered as one of the largest sectors in any county. One best solution to overcome
these inherent problems in the construction industry is to move forward with digital technologies.
For that, organizational structure, technical aspects, and, most importantly, human factors need
to be considered. The aim of this research is to find out human behaviors that affect the digital
transformation of the construction industry based on the well-accepted model Unified Theory of
Acceptance and Use of Technology (UTAUT). An in-depth literature review was carried out using
fifty-five journal papers to develop a conceptual model for the acceptance of digital transformation,
and it was validated and further reviewed using ten expert interviews. The model consists of seven
constraints: Personal Benefits, Perceived Usefulness, Perceived Risk, Facility Conditions, Attitudes,
and Subjective Norms. The analytical hierarchy process (AHP) was carried out to rank these seven
factors according to individual priorities in the construction industry. Further, the model was
extended and modified using factors derived from literature review and expert feedback. It is proved
that “Perceived Personal Benefits” is the major consideration of an individual who is willing to move
towards digital transformation. This research fulfills the lack of knowledge in the digitalization
of the construction industry as per a human perspective, and it provides a prerequisite to finding
the solutions for the issues which emerged within the industry towards digitalization. Further, the
framework developed in the research can be used to systematically adopt the human factor for the
digital transformation of the construction industry. In addition, this enables the analysis of changing
demands for humans in digitally transformed environments, such as Industry 4.0 environments,
and contributes towards a successful digital transformation that avoids the pitfalls of innovation
performed without attention to human factors. The paper concludes by highlighting future research
directions on the human factor in digital transformation as well as managerial implications for
successful application in practice.

Keywords: analytical hierarchy process (AHP); construction industry; digital transformation; user
behavior; UTAUT model

1. Introduction

After the third industrial revolution, many organizations have adopted digital trans-
formation in order to stay competitive. Digital transformation is the realignment of new
investments, technology, business models, and processes to drive new value for customers
and employees. However, the construction industry, one of the highest contributors for any
country’s development index, productivity, in general, is largely left behind compared to
other industries, such as manufacturing, automotive, and aviation, due to the slow digital
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transformation movement. Therefore, it is mandatory that the construction industry should
move forward with digital transformation to boost its productivity [1-4].

However, a proper strategic plan should be implemented within the construction
industry to have a successful digitalized environment. If one construction organization
gets digitalized, the whole organization should focus on that, and a different strategy
needs to be implemented [5-8]. Thus, organizational structure, technical aspects, and most
importantly, the human factor need to be considered. Digitalized systems cannot improve
organizational performance if they are not used; it is important to predict, explain, and
increase user acceptance for the technologies [9,10]. Although the organization fulfills
organizational and technical factors, none of the companies can move toward digitalization
without human consideration. Therefore, it is necessary to understand the perception of
individuals before implementing the digital transformation in any organization.

Unified Theory of Acceptance and Use of Technology (UTAUT) is a well-established
model to explain the user intention to use an information system and usage behavior [10,11].
It is an evolution of another eight models, namely Innovation Diffusion Theory (IDT), The-
ory of Reasoned Action (TRA), Theory of Planned Behavior (TPB), the Social Cognitive
Theory, the Motivational Model, the Model of Perceived Credibility (PC) Utilization, Tech-
nology Acceptance Models (TAM), and a hybrid model combining constructs from TAM
and TPB [12]. Researchers have used this model to describe human behavior towards
e-learning, e-governing, e-banking, and others [12-15]. Nevertheless, none have focused
on construction digitalization and the human perspective towards digitalization using
this UTAUT model. In addition, none of the above models can describe human behavior
perfectly as the construction industry shows unique characteristics. Therefore, through this
research, how the behavior and attitude of the user towards the use of new technology in
construction industry is expected to be address.

2. Background and Literature Review

The construction industry is one of the largest industries with a high impact on
the country’s economy. However, its productivity is considerably low when compared
to other industries [16]. Most of the people in the construction industry believe that
digital technologies can bring out benefits in terms of efficiency and productivity to their
organizations so that now the industry has leaped forward in its adoption of digital
technology [17].

However, when it comes to the construction industry’s digital transformation, the
main key areas of digital transformation are required to be identified. As per the researchers
conducted previously, the construction industry faces many challenges with digital tech-
nology implementations. Human resource is a main key area in this context. As human
beings are not likely to change by nature, there is high resistance to switching from one
system to another [13].

Further, the problems with digitalization are mainly due to the complex set of interde-
pendent activities in construction [18,19]. In addition, the nature of construction presents
problems not usually found in other industries. For example, construction differs widely
from other industries due to the following features.

Each project consists of unique characteristics;

Internet access problems due to remote sites;

Unpredictable nature of the project processes;

Variation in the cost items according to the construction environment;
Improper handling of resources and utilities;

Innovations in the technical side are low;

The quality of the product is primarily based on the workforce;
Projects are heavily based on customer satisfaction.

All these issues make construction projects complex and difficult to monitor and
control. With the development of infrastructure facilities, this situation is getting worse,
and technological involvement is mandatory [20]. A number of models were proposed to



Informatics 2021, 8, 81

30f22

analyze and utilize to enhance technology acceptance in any industry or domain. Therefore,
the following sections describe the presently available established technology acceptance
models.

2.1. Theory of Reasoned Action (TRA)

Theory of Reasoned Action (TRA) is a generalized theory designed to explain virtually
any human behavior and was developed by Martin Fishbein and Icek Ajzen in 1991 [21,22].
According to the TRA, a person’s performance of a specified behavior is determined by
their behavioral intention (BI) to perform the behavior, and BI is jointly determined by
the person’s attitude (A) and subjective norms (SN). Bl is a measure of one’s intention
to perform a specified behavior. Attitude toward behavior is defined as an individual’s
positive or negative feeling (evaluative effect) about performing the targeted behavior.
Subjective norms mean the person’s perception according to the people who are around
him and important to him [23]. According to TRA, a person’s attitude towards a behavior is
determined by their salient beliefs regarding the consequences of performing the behaviors
and evaluation. The attitudes are influenced by two factors: strength of behavioral beliefs
(e.g., whether or not the outcome is probable) and the evaluation of the potential outcomes
(e.g., whether or not the outcome is positive). However, any attitude regarding certain
behavior may be positive, negative, or neutral. This theory empathizes that there is a direct
relationship between the attitudes and their outcome [24]. If one believes that there will be
a favorable outcome and there is a high probability of it, then they are more likely to accept
the technology.

The other joint component for behavioral intention is the “Subjective Norms”. It
empathizes the impact of external relevant group members on the performance behavior
of a person. As per the definition of Ajzen [21], the subjective norm is the “Perceived
social pressure to perform or not to perform the behavior”. “Nominative beliefs” and
“Motivation to comply” are the two fundamental determinants of subjective norms of any
behavioral intention [21]. Nominative beliefs shape a person’s perception to perform the
task or not to perform the task with the perception of close relative groups.

Furthermore, “Motivation to comply” adds additional value to one’s perception of
a certain behavior. It addresses the fact that specific individuals may or may not comply
with other social groups they may accept the social pressure or resist the social pressure.
Behavioral intention is the function of both “attitude towards behavior” and “Subjective
Norm” toward that behavior. “Attitude toward behavior” shows how strong an individual
holds his attitude toward the action, and “Subjective Norm” represents how the external
parties influence the intention [25].

However, TRA does not consider external conditions, which are the performance of
behavior, such as specific opportunities, skills, conditions, and resources. Further, attitude
and behavioral intention are always directly connected with the actual behaviors when
the cognitive effort is lower. Due to some circumstances, attitude does not always comply
with the actual behavior [26]. For minimizing these drawbacks, the conceptual model was
developed by considering two additional variables called “Perceived Personal Benefits”
(POB) and “Attitudes Towards Digitalization” (AD) because it is necessary to consider
inherent human beliefs and other external factors, such as perceived other benefits, skills,
and conditions, when implementing within the construction organizations [27].

2.2. Theory of Planned Behavior (TPB)

Icek Ajzen proposed the theory of planned behavior (TPB) as an extension of TRA
with some modifications [21]. It consists of three components, namely “Behavioral beliefs”,
“Nominative beliefs”, and “Control beliefs” [28]. These represent the users’ core beliefs
towards the outcomes of the actions, the influence of other external parties, and the control
over the result of the behavior. Behavioral beliefs, or the attitude of an individual, have
a strong influence on the actual behavior of an individual. If the expected outcome is
favorable with a positive attitude, it increases the likelihood of actual performance [29].
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Nominative beliefs are considered as the other interferences from external parties. The
critical fact is the level of importance that the individual pays to these external parties’
expectations.

This newly added factor, “Perceived Behavioral Control”, refers to the degree to which
a person believes that they can control any given behavior. This perceived behavioral
control consists of two dimensions, namely self-efficacy and controllability [30]. Self-
efficacy refers to the difficulty required to perform the behavior or the ability to succeed
with that behavior. Controllability refers to the outside factors to control the behavior. If
an individual has the power to control the performance of the behavior and they have
enhanced confidentiality over the success of the behavior, then there is a high probability
of performing that specific task [27].

The resulting behavior of an individual is based on their perceived behavioral control.
There are two types of control over the acceptance, namely internal control and external
control. “Internal control” refers to how the individual sees themself as being in control
when performing the specific behaviors according to their knowledge, skills, and abili-
ties [30,31]. External controls, such as approval from related parties, will shape individual
beliefs. Time is another factor that will impact one’s level of behavioral control. Therefore,
control beliefs can be named as the factor which will dictate the perceived behavioral
control.

When all three beliefs are combined, and if both attitudes and subjective norms are
positive and there is a strong trust in the performance of the specific behavior, then it is
bound to strengthen the individual intention and resolve toward the actual behavior. Thus,
TPB has acquired more value than TRA. However, the main argument against TPB is not
considering “human emotions” surrounding the behavior [31].

2.3. Technology Acceptance Model (TAM)

Davis Fred et al. [27] developed the technology acceptance model in 1989 to predict
an individual’s use and acceptance of information systems and technology. It is one of the
major models that came across with the extension of TRA developed by Fred Davis and
Richard. The importance of TAM is that it is specifically designed to address the acceptance
of IS technology [32]. Furthermore, it is seen that the TAM model is much simpler than
the primary two models TRA and TPB. TAM consists of two main concepts “Perceived
Usefulness” and “Perceived Ease of Use”. Perceived Usefulness defines as the “degree to
which a person would think that particular system would enhance his or individual job
performance” [33]. Perceived Ease of Use refers to “the degree to which a person believes
that using a particular system would be free of effort” [34]. These two factors are influenced
by external factors, such as social factors, cultural factors, and political factors. Language,
skills, and facilitating conditions are the main concerns in social factors, while political
factors consist of politics and political crisis. The “attitudes” refers to the user’s evaluation
of employing a particular technology, while “Behavioral intention” is the measure of the
likelihood of a person using the technology [35]

Many researchers have used TAM to describe different types of information systems.
For example, E-learning systems by teachers, online shopping acceptance, acceptance of
e-commerce, online banking systems, e-service adoption, acceptance of Radio Frequency
Identification (RFID) used TAM and modified TAM models to describe the user behav-
ior [27,36,37].

However, as mentioned above, the TAM model does not consider the barriers that
would interfere with the usage of a particular information system. Further, it does not
cooperate with other variables, such as system design characteristics, top management
support, training for staff, and decision-making characteristics [38].

2.4. Combined TAM and TPB

TAM is considered a model recognized and supported by many researchers to identify
the use of technology and its behavioral intentions. Even though the TAM model does not
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consider social factors and control factors, there is a direct effect on behavioral changes by
these two factors. Therefore, Taylor and Todd added the elements of the TPB to the TAM
and created an integrated model called C-TAM-TPB [39].

The main feature of this model is the variation between intention and behavior, which
allows the application of this model to both people who are familiar with technologies and
those who are not. Moreover, as the subjective norms and perceived behavioral control
factors are included in this model, it allows a better interpretation for the acceptance of
technology than individual TAM or TPB models [40].

2.5. Social Cognitive Theory

Social Cognitive Theory explains how the behavior of a person is changed by per-
sonal factors and the environmental condition of the individual. It consists of three main
components, namely behavior, personal factors, and environmental influences, which
are interrelated [41]. When considering the interrelationship between personal factors
and behavior, personal factors, such as expectations, beliefs, self-perceptions, goals, and
intentions, give shape and direction to the behavior. On the other hand, the environment
and personal factor interrelationship shows how personal factors, such as human expecta-
tions, beliefs, emotional benefits, are modified with the social influences. Human beings’
reactions are evoked by social environments, such as age, size, race, sex, and physical
attractiveness [42].

Furthermore, according to the social cognitive theory, there is an interrelationship
between behavior and the environment. In the transactions of everyday life, behavior alters
environmental conditions, and environmental conditions alter behaviors. For example, if
the external environment is based on traditional approaches with a technology resistive
top management, it is unlikely to have an individual move with innovations [43]. So, the
behavior of that individual is affected by the external working environment.

2.6. Diffusion Innovation Theory

The Diffusion Innovation Theory (DIT) could be considered as one of the most pop-
ular theories that have attempted to explore factors that affect an individual to adopt an
innovation or a new technology. It suggests the relationship between the characteristics of
the innovations and their adoption [44]. The adoption is measured in terms of compati-
bility, relative advantage and complexity, compatibility, trialability, and observability. It
explains how, why, and at what rates new ideas and technologies will spread throughout
the cultures [45].

o  Compatibility: The degree to which an innovation is perceived as relatively difficult
to understand and use;

e Relative advantage: The degree to which an innovation is perceived as being better
than the idea it supersedes;

e  Complexity: The degree to which an innovation is perceived as relatively difficult to
understand and use;

o  Trialability: The degree to which an innovation may be experimented with on a limited
basis;

e  Observability: The degree to which the innovations are observer able by others.

Further, DIT has defined adopted categories: innovators, early adopters, early majority,
late majority, and laggard.

Innovators: Innovators are the people who are willing to take risks with the highest
social status and who have the closest connection with scientific research sources. Therefore,
innovators should have the capacity to absorb any failure due to the drawback of an
innovation [45,46].

Early adopters: These individuals have more leadership opinions and discrete adop-
tion choices than innovators. They engage much earlier than late adopters and can bear
any loss financially [45].
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Early Majority: Early majority take significantly longer than early adopters, and they
take action after verifying the results of innovators and early adopters. However, the early
majority keeps contact with early adopters [44,46].

Late Majority: These are the average type of people in society. They accept innovations
after the majority of society has adopted the innovation. They use the system after the risk
and failures have been prevented [44,46].

Laggards: These people show little or no leadership qualities. Most of them follow
traditional methods and are unlikely to deviate from their mindset [44].

2.7. Model of PC Utilization

In 1977, Triandis built the theory of attitude and behavior, which distinguished be-
tween cognitive and affective components of attitude [22]. Beliefs are incorporated with
the cognitive components of attitudes. According to Triandis, “Behavior is determined by
what people would like to do (attitude), what they think they should do (Social norms),
what they have usually done (habits), an expected consequence of their behavior” [22].

However, in 1991 Thompson and the team has reformed the model to predict personal
computer utilization. In addition to the components in Triandis’ attitude and behavioral
model, Thompson included the “Job-Fit: the extent that an individual may enhance his/her

i

job performance”, “Complexity: the extent to which a technology will be easy to under-
stand and use”, “Long-term consequence: the outcomes which will be created due to the
behavior ”, ” Affect towards use: the feelings with the use of technology”, “Social factors:
social influences towards the utilization of technology”, and “Facilitating conditions: the
existence of resources, technical capacities, support from the users for the utilization of
technologies” [47]. However, due to measurement difficulties, the “habit” factor was ex-
cluded from the model. Due to that, the model examines only the social factors, complexity,

job-fit, long-term consequences, affect towards use, and facilitating conditions.

2.8. Motivational Model

In 1992, Davis, Bagozzi, and Warshaw tested motivational models based on extrinsic
and intrinsic motivations and found their effect on the individual’s intention to perform
behavioral technology usage [48]. In the model, extrinsic motivation referred to the antici-
pated reward after the usage, and intrinsic motivation referred to the perceived enjoyment
of using the technology regardless of the performance outcome.

The model implies that people’s intention to use computers in the workplace is mainly
influenced by how helpful the computers are for improving their job performance and
the degree of enjoyment individuals experience using them [49]. The study of this model
further identified that the capacity of enjoyability that can be achieved through technology
might enhance the acceptance rate unless it does not affect the system’s usefulness [50]. In-
centive properties of anticipated enjoyment and normative social pressures have enhanced
the usage of technology. In addition, factors, such as skills, organizational support, and
usage, also stimulate technology usage [51].

2.9. Unified Theory of Acceptance and Usage of Technology (UTAUT) Model

Venkatesh et al. [52] created the Unified Theory of Acceptance and Usage of Tech-
nology model in 2003, eliminating the drawbacks of the TAM model, and it incorporates
social factors and human behaviors. It also identifies the critical factors for ICT acceptance
with behavioral intention to use the technology and the actual usage [53]. It has been
found that TAM and its extensions can only predict up to 40%, while UTAUT can predict
70% of technology acceptance [54]. UTAUT was developed based on four determinants,
namely: Perceived Usefulness (PU), Perceived Ease of use (PE), Subjective Norms (SN),
and Facilitating Conditions (FC) [31,55,56].

e  Perceived Usefulness (PU)—the individual believes that system will help them to do
better with their jobs;
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e Perceived Ease of Use (PE)—how easy an individual believes the system will be to
help them to do their jobs;

e  Subjective Norms (SN)—whether the individual is concerned about external parties
opinion;

e  Facilitating Conditions (FC)—whether the individual has the personal knowledge and
institutional resources.

’

In addition to the basic four factors, the UTAUT model introduced stimuli that impact
the acceptance of technologies [57,58]. Gender, Age, Experience, Voluntariness of use are
considered the stimuli in the UTAUT model. The combination of all these factors explains
the perception of the human being towards the acceptance of new technologies [59].

2.10. Model Evaluation, Requirements, and Constraints in the Construction Industry

The acceptance of technology has been heavily studied by management information
system (MIS) researchers. Coinciding with the rise in personal computers in the 1980s,
issues associated with the acceptance of this emergent technology began receiving research
attention. Influenced by the theory of reasoned action, the authors of [24,27] suggest
that two beliefs are essential for one’s attitude toward the usage of computers: perceived
usefulness (to what extent a person believes using a computer could enhance their job
performance) and perceived ease of use (to what extent a person believes using a computer
could be free of effort).

The model created by Venkatesh et al. [52] has been utilized in the study of many
types of technology acceptance, ranging from Chen, who tested the applicability of the
UTAUT model in playing online games through mobile phones, to [31], which explained
the intention to adopt accounting software by using the UTAUT model [41].

Theories used to create the UTAUT draw upon the theory of reasoned action (TRA), the
technology acceptance model (TAM), the motivational model (MM), the theory of planned
behavior (TPB), the combined TAM-TPB model, the model of PC utilization (MPCU), the
IDT, and the social cognitive theory (SCT), as explained above. In constructing the UTAUT
model, Venkatesh tested all of these constructs and combined them to form a set of new
and refined factors that affect Behavioral Intention and User Behavior of information [52].

However, the limitation of the model is that it is primarily based on theories con-
structed for voluntary environments where users can decide on the use of the system [59].
However, the decision of adoption and use of technologies across the construction industry
is often decided at an organizational or project level, making the use of emerging technolo-
gies, such as BIM, mandatory at the individual level. Furthermore, the strict mandatory
settings evinced within construction organizations may not be appropriate with the UTAUT
model. Furthermore, according to Gunasinghe and Nanayakkara [37], human resistance is
the second most important contributor to time and budget overruns and the fourth most
important barrier to implementation. Therefore, it is mandated to adopt a flexible model for
the technology acceptance construction industry considering the inherent characteristics
that prevail in the construction sector.

3. Methodology

An in-depth literature review was carried out to develop the conceptual model for
the digitalization of the construction industry. The conceptual model was derived from
the Unified Theory of Acceptance and Use of Technology (UTAUT) model, which is well
established in human behavior in the technology acceptance arena. UTAUT is the latest
theory that aims to explain the user intention and use of information systems [60]. Therefore,
the UTAUT model was recognized as the best model to determine how construction
industry people accept digitalization. However, the literature review was done based
on UTAUT, and the other eight models (Technology Acceptance Model (TAM), Diffusion
Innovation Theory (DIT), Theory of Reasoned Action (TRA), Theory of Planned Behavior
(TPB), Social Cognitive Theory (SCT), Model of PC Utilization (MPU), Motivational Model
(MM), Combined TAM and TPB) as UTAUT is built on them. Fifty-five journal articles
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in Science Direct, Google Scholar were selected for the literature review, and the factors
gained from each article were summarized as per Appendix A.

After reviewing further, the factors were aligned into seven primary constructs namely,
“Perceived Usefulness (PU)”, “Perceived Ease of Use (PE)”, “Personal Attitude towards
digitalization (AD)”, “Facility Conditions (FC)”, “Perceived Personal Benefits (PB)”, “Sub-
jective Norms (SN)”, and “Perceived Risk (PR)”. At the initial stage, the effect from each
factor was considered to be the same for the digitalization; however, it was not. Therefore,
in-depth semi-structured interviews were conducted by utilizing these seven criteria to
weight them based on the analytic hierarchy process (AHP) method. Ten construction
digitalization experts were interviewed with a questionnaire in face-to-face sessions of less
than one hour.

Within the first ten minutes, the objectives of the interview and the basic idea of the
research were explained. Then the questionnaire was distributed. Both open-ended and
Likert scale (Point 1-7) questions were included in the questionnaire. The questionnaire
structure was based on the analytic hierarchy process (AHP) [61,62]. A sample of the
expertise interview is mentioned in Table 1. Data analysis was carried out using the AHP
technique (pairwise comparison) [63,64], and the constraints were prioritized as per the
impact on the digitalization of the construction industry according to the expert judgments.

Table 1. Expert interview details.

Designation Organization Type Experience (Years) Expert Area Interview Time
Global management SAP ERP implementation,
1 Director nage Above 10 Internet of Things (IoT), 45 min
consulting firm .
Smart devices
Commercial International BIM implementation
2 construction IT Above 10 p . ’ 20 min
Manager . . Robotics
solution provider
Construction IT webERP implementation, .
3 ERP Developer solution provider > EDMS 45 min
4 ERP Executive Large scale 5 webERP implementation, 45 min
construction company EDMS
MIS,
5 MIS Consultant Higher education 10 _ SAP and webERP 45 min
institution 1mp1ementat10ns, Asset
Management
Management Global management 5D BIM, Internet of Things .
6 . . 5 25 min
Consultant consulting firm (IoT)
Management Global management Risk Ma.nag.e ment, .
7 . . 3 Organizational 20 min
Consultant consulting firm .
Transformation
8 ERP executive Large scale 2 ERP implementation 30 min
construction company
ERP, Asset Management,
International ERP and Service Management,
9 Technical Director ~ supply chain solution Above 10 Document Controlling, 30 min
provider Quality and Safety
Measures
Engineerin National
10 & & telecommunication 5 Digitalization expert 25 min
Consultant

provider
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Then, the literature review was extended to determine the associated factors for each
conceptual design constraint. Further, qualitative analysis was done with the experts’
feedback, and the conceptual model was improved based on the feedback.

4. Results and Analysis
4.1. The Conceptual Model

This research developed a conceptual model (See Figure 1) that explains human
behavior for the construction industry’s digital transformation. It was built from literature
with eight models Theory of Reasoned Action (TRA), Theory of Planned Behavior (TPB),
Technology Acceptance Model (TAM), C-TAM-TPB, Motivational model, Social cognitive
theory, Diffusion Innovation Theory (DIT), Model of PC utilization and their derivative
Unified Theory of Acceptance and Use of Technology (UTAUT) model. Derivation of the
conceptual model using literature is shown in Appendix A and Table 2.

Table 2. Deriving factors for the conceptual model.

Factors

Derivation

Definition

Perceived Usefulness

Relative Advantage

Perceived Enjoyment

Perceived Usefulness (PU)

PU measures the degree to which an individual
believes that using the technology will help them
attain benefits.

This is directly connected with the person’s task.

Perceived Ease of Use

Complexity

Perceived Enjoyment

Perceived Ease of Use (PE)

PE is the degree of ease associated with
customers’ use of technology.

Social Factors

Political Factors

Top Management Effectiveness

Top Management Support

Cultural Factors

Subjective Norms (SN)

SN is defined as “a person’s perception that most
people who are imported to him think he should
or should not perform the behaviour in
question”.

Observability

Trialability

Demonstratebility

Perceived Credibility

Personal Development

Perceived Personal Benefits (PB)

POB measures the degree to which an individual
believes that using technology will help him
attain benefits that are not related to the task.

System Design Characteristics

Training

Decision Making Characteristics

Management Effectiveness

Program Effectiveness

Skill/Education Level

Facility Conditions (FC)

The degree to which an individual believes that
an organizational and technical infrastructure
exists to support the use of the system.

Perceived Risk

Barriers to Implement

Long term Consequence

Cost of Technology

Perceived Behavioral Control

Task Technology Fit

Perceived Risk (PR)

Perceived risk is the uncertainty associated with
purchasing and maintaining.
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Table 2. Cont.

Factors

Derivation Definition

Motivation Towards Usage

Perceived Usefulness

Perceived Ease of Use

The individual’s positive or negative feelings,

Subjective Norms

Behavioral Intention environment factors, facilities, benefits, and other
factors affect behavior intention.

Personnel Benefits

Availability of Facilities

Attitude Towards Digitalization

Availability of Facilities

The measure of one’s actual behavior to perform
Actual Usage P

Behavioral Intention

a specified usage behavior.

The factors mentioned in Appendix A were adjusted and summarized into seven
factors, namely Perceived Usefulness (PU), Perceived Ease of Use (PE), Subjective Norms
(SN), Perceived Personal Benefits (PB), Facility Conditions (FC), Perceived Risk (PR), and
Personal Attitude towards digitalization (AD) (Refer Table 2).

4.2. Factors Affecting for Digitalization of the Construction Industry
Perceived Usefulness (PU)

Performance Usefulness (PU) is defined as “the degree to which an individual believes
that using the system will help him/her attain gains in job performance”. It has been
proven by many researchers that there is a significant influence on behavioral intention
to use [65]. Similarly, in the context of digitalizing the construction industry, if the user
thinks that the technology helps gain job performance, they will be more likely to accept it.
Therefore, it can be hypothesized that Perceived Usefulness (PU) significantly influences
users’ intention towards digitalization [32].

Perceived Ease of Use (PE)

Perceived Ease to Use (PE) is defined as “the degree of ease associated with the use of
the system, and UTAUT has identified that it is an important factor that affects behavioural
intention to accept the technology” [53]. In the construction industry, if the digitalization
technologies are complex to operate, then industrial people may not like to implement
the systems in their organizations. Therefore, it is necessary to identify whether there is a
positive influence on user behavior from the easiness/difficultness of the system [32].

Subjective Norms (SN)

Subjective Norms/Social Influence is defined as “the degree to which an individual
perceives that importance of other’s belief he/she should use to accept the new system” [66].
In addition to the UTAUT model, many other researchers have found a high positive effect
on behavioral intention to use [42]. Therefore, it is necessary to capture whether this social
influence is a determinant of the digitalization of the construction industry.

Perceived Personal Benefits (PB)

Perceived Personal benefit is defined as “the degree to which an individual believes
that using the system will help him /her attain personal benefits within his job role” [22].
For example, if an individual can achieve promotions or rewards, he/she tends to use the
systems. Therefore, if digitalization is introduced to the construction industry, he/she may
look for other benefits.

In this conceptual model, the motivational model is attached to Perceived Usefulness,
Perceived Ease of Use, Subjective Norms, and Perceived Personal Benefits. In there,
Perceived Usefulness and Perceived Ease to Use belong to the intrinsic motivation and
Subjective Norms and Perceived Other Benefits belong to the eccentric motivation factors.
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Facility Conditions (FC)

Facility condition is defined as “the degree to which an individual is satisfied with
the resources and facilities required by the technology”. Knowledge, Hardware/Software,
Technical expert, Top management support are some of the facilitating conditions related
to the digitalization of the construction industry [67]. Therefore, it can be identified that
there is a significant relationship between facility conditions and the digitalization of the
construction industry.

Perceived Risk (PR)

The construction industry is associated with high risks because of its unique character-
istics. Therefore, it is necessary to consider the risk associated with technology acceptance
along with the digital transformation. If an individual knows that there is a high risk of
attaining the benefits from digitalization, then there is a low probability of transforming
the industry towards digitalization [68,69]

Attitude towards Digitalization (AD)

Individual Attitudes are “the thinking inherent to a person from the background
nature”. Whatever is said and done, if the individual has a traditional mindset, they may
resist changing with the digital transformation, and there should be a proper strategy to
change this kind of mindset to switch them toward digital technologies [51]. Thus, it can be
hypothesized that there is a positive relationship between the perceived individual attitude
and the digitalization of the construction industry.

4.3. Prioritizing the Factors Based on Analytic Hierarchy Process (AHP)

After developing the conceptual model (See Figure 1), weights were given to each
constraint based on expert judgments using the seven-point Likert scale according to the
AHP structure (Refer Table 3).

Table 3. Pairwise comparison for each constraint using the seven-point Likert Scale.

Personnel Perceived Facility Easy to Attitude Subjective
. Usefulness . .. towards
Benefits Risk Condition Use TR Norms
Digitalization
Personnel
Benefits 1 5 3 4.00 4 4 7
Usefulness 0.20 1.00 0.60 0.80 0.80 0.80 1.40
Perceived Risk 0.33 1.67 1.00 1.33 1.67 1.67 2.38
Facility 0.25 1.25 0.75 1.00 1.25 1.25 1.75
Condition
Easy to Use 0.25 1.25 0.60 0.80 1.00 0.33 3.00
Attitude towards 0.25 125 0.60 0.80 3.00 1.00 3.00
Digitalization
Subjective
0.14 0.71 0.42 0.57 0.33 0.33 1.00
Norms

During the comparison, the consistency ratio was recorded as 0.026836 < 0.1 (n =7,
Random index 1.32, Consistency index = 0.035423), which allowed continuing with AHP.
After analyzing the criteria, seven weights criteria were ranked (See Table 4)
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Table 4. Prioritizing the constraints.

Constraint Weightage Percentages Rank
Perceived Personal Benefits (PB) 40 1
Perceived Usefulness (PU) 14.2 2
Perceived Risk (PR) 12.67 3
Facility Conditions (FC) 10.68 4
Perceived Ease of Use (PE) 9.28 5
Attitude Towards Digitalization (AD) 8.00 6
Subjective Norms (SN) 5.04 7

5. Discussion

Now is the best time for the construction industry to digitalize its operations as every
other industry is moving fast towards Industry 4.0 [68,70]. However, it is showing a tepid
journey toward digitalization because of the human factor involved. Therefore, it is manda-
tory to find out why individuals in the construction industry resist this. The conceptual
model for the acceptance of technology was developed based on eight models Theory of
Reasoned Action (TRA), Theory of Planned Behavior (TPB), Technology Acceptance Model
(TAM), C-TAM-TPB, Motivational model, Social cognitive theory, Diffusion Innovation
Theory (DIT), Model of PC utilization and their derivative Unified Theory of Acceptance
and Use of Technology (UTAUT) model.

After developing the basic conceptual model, as per Figure 1, the model was extended
by embedding factors from a comprehensive literature review and expert interviews, as
per Table 5. Interviewee 2 and Interviewee 5 suggested, “Breaking long term established
habits” and “The state-of-the-art technology (How smart the technology)” would affect
the acceptance of technology. These two factors were in line with the factor “Inherent
characteristics” and “Satisfaction level of the user”, which were already found through
the literature. Further, Interviewee 1 mentioned that “The ability of the error recovery”
would affect some users to accept the technology. As it was not found through literature,
it was included as a new factor for the conceptual model. According to Interviewee 2
and Interviewee 10, “Computer Literacy” and “Experience from previous task” were two
other factors that would influence digitalization acceptance. However, as these two factors
were already included in the conceptual model as “Knowledge” and “Experience”, no
further adjustments were made to the model. Interviewee 3 and Interviewee 7 mentioned
that “Change in the job role/job replacement” and “Change in working place” were two
other considerations of humans when they move on to digitalization. As those two factors
were considered with “Job security” in the model, no change was made to the original
model. Interviewees 5 and 9 said that “Force from top management” could speed up this
digitalization journey. Once the top management imposed rules and regulations to smooth
up the operations, the workforce needed to move on. Interviewee 4 revealed that it was
necessary to change up the mindset of the construction people.
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Perceived Usefulness

Perceived Easy to Use

Subjective Norms

Personnel Benefits _— Behavioral Intention _—

Availability of Facilities

Perceived Risk

Attitude towards
Digitalization

Actual Usage of the
System

Figure 1. The conceptual model for digitalization of the construction industry.

Table 5. Deriving factors to extend the conceptual model.

Constraint Components References

Accuracy [14,71]
Perceived Usefulness Time [14]
Quality [71]
Effort to use [72]
Perceived Ease of Use Satisfaction level [14]
Flexibility [14]
Dependence over manual [14]

Error Recovery

Expert Interview

Peer pressure [66]

Subjective Norms Regulations and low of the 73]
company

Top management perspective [71]

Social network configuration [66]

Productivity [74]

Perceived Personal Benefits Performance Level [75]

Level of goal achievement [58]

Job security [76]
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Table 5. Cont.

Constraint Components References
Financial Capacity [76]
Facility Conditions Training [71]
Resources [71]
Knowledge [71]
IT support [71]
Compatibility [71]
. . Nature of the industry [68]
Perceived Risk
Control behavior [59]
Long term consequences [77]
Cost of the investment [78]
Income [76]
Inherent Characteristics [14], Expert Interview
Att1.tu.de .tow.ards Educational Background [31]
Digitalization
Age [58]
Experience [71]
Profession [59]
Culture Expert interview

Further, he said that most people were afraid of tracing their working records using
digital technologies. So that, they tried to discontinue the use of those devices. Therefore,
it proved that the “Inherent characteristics” of the people matter for digitalization. Further-
more, Interviewee 5 explained that there is an impact from the culture for this digitalization,
and it was included for the model as a new variable.

Derivation of Factors to Extend the Conceptual Model

As described above, factors were identified for each constraint using the literature
review and expert interviews. The detailed summary is mentioned in Table 5. Further, the
graphical model represents in Figure 2.

Initially, the above seven constraints were considered to impact digitalization equally;
however, they did not. Therefore, according to the expert judgments, those factors were
ranked with analytic hierarchy process (AHP) analysis. As per the results of AHP, the Per-
sonal factor was the highest factor that affects digitalization. Once the individual receives
personal benefits from any activity, they may tend toward it. If individuals understand
that digitalization may upgrade their carrier and potential, they will move towards digi-
talization, although they are restricted with their inherited characteristics. Therefore, it is
essential to empathize the benefits of digitalization in a specific manner (e.g., workshop,
rewarding system, ranking system) to the employees in a construction organization before
doing the digital transformation. In addition, a proper post-implementation consulting
service should be established. Vendors of technologies should contribute their services
before implementation, with implementation, and after implementation. “Perceived Use-
fulness” is the next major constraint for digital transformation. These two main constraints
prove that people will be motivated towards digital transformation dependent on the
benefits they achieve personally. Therefore, most importantly, people should empathize
with the positive benefits of digitalization, and it is mandatory to remove mythical beliefs
of digitalization from the people’s mindset.



Informatics 2021, 8, 81

15 of 22

Subjective Norms

7

Perceived Risk

Regulationsand
laws of the company

Social Network
Configuration

Top Management
Perspective

Peer Pressure

Controllability ofthe
outcomes 5
Dependence on
Cost of Investment Accuracy M;Lu al
Compatibility Quality ‘ ErrorRecovery ‘
Nature ofthe Time ‘ Satisfaction level ‘
construction
l ‘ Effort touse ‘

Long term —
Consequences Perceived ‘ Flexibility ‘

l Usefulness l

Perceived Easy to
Use

Motivation
Towards
Digitalization

Aftitude Towards
Digitalization

T

Inherent
Characteristics
_ » Educational
Perceived Facility Background
Personal Benefits Conditions -
‘ Experience ‘
T T ‘ Profession ‘
‘Performance Level ‘ Financial Capacity Income
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Figure 2. Factors associated with constraints.

Perceived risk associated with digitalization is based on the nature of the construction
industry. There is a high probability that digitalization does not work for the construction
industry because of its unique features, which are different from other industries, such
as manufacturing, automobile, airline, hospitality, and others. However, there are a num-
ber of success stories that have overcome the obstacles properly and achieved success.
Construction industries” most significant challenge is the shortage of skilled laborers and
improper trade-off data. Digitalization would be ideal for these two cases unless it is more
concentrated on cultural impact and human resistance. According to Interviewee 6, “The
biggest threat in digital transformation in the construction industry generates because of
the labor shortage in the industry”.

Moreover, if the industry relies on excel spreadsheets, then the mentality is not stable
regarding decision-making as they have to rely on someone else’s data. However, changing
management is the hardest where the culture and the mindset of the people need to change.
Senior-level commitment will play a great role in mitigating these issues.

In addition, construction companies should have equipped the facility you need to
change conditions such as training, workshops, hardware, and software. If employees
set their minds to work with technologies and management does not support them, they



Informatics 2021, 8, 81

16 of 22

will quickly get tired of working. According to Interviewee 3, “Most of the construction
companies in Sri Lanka are reluctant to go for high bandwidth of internet as they have to
pay more. However, working with slow internet speed is daffy responsibility with Cloud
ERPs like webERP. Also, as there is a high turnover of jobs, it is not easy to enroll one
particular person for the job. I had to train five people from the beginning up to now to
work with the webERP system, which is a tiring process”. Therefore, it is necessary to keep
enough technical staff and technical resources within the organizations to move toward
digital transformation.

The “Easy to Handle” factor is a general concept for every technology. Nobody likes
to work with advanced complex operating systems. Initially, it takes some time to adapt
to new technology, and the user manual can be a guide to working with technologies.
However, if this training time gets longer and longer, there is a high probability of losing
the systems from the user’s hand.

According to Interviewee 2, “You cannot define an exact period when the construction
industry gets digitalized until people will switch their mindset. It is much difficult to alter
the traditional mindset of the people even top management in some leading construction
companies. Therefore, before counting on digitalization in a construction organization, the
first step should be to change the mentality of the end-users who use the technologies and
make a positive feeling towards using them”. This empathizes the importance of restricting
the resistance from the human. Some people will like digital transformation, and some
will not. Some will try to resist, and some people will not embrace it. So, the whole thing
would be the psychology of the people, which is one of the biggest challenges.

According to the overall expert judgment, social influence plays a minor role in
the digitalization in the construction industry. However, according to Interviewee 6, in
“Multiplex”, the leader’s commitment has the highest impact on the success of digitalization
in the organization.

6. Conclusions

There is plenty of research that focuses on digitalization and technology acceptance.
However, none of the research has focused on digitalization within the construction indus-
try. Identification of these factors will resolve the restrictions towards digitalization. This
paper studied eight models, namely Theory of Reasoned Action (TRA), Theory of Planned
Behavior (TPB), Theory of Technology Acceptance (TAM), Combined Theory of Technology
Acceptance and Theory of Planned Behavior (C-TAM-TPB), Motivational model, Social
cognitive theory, Diffusion Innovation Theory (DIT) and their latest derivation UTAUT
model which were used to explain the acceptance of technologies by the end-user. As
none of these models were specifically derived for the construction industry, a new model
had to be developed incorporating specific features of the construction industry for digital
transformation. The conceptual model consisted of four primary constraints which are
common to IT acceptance, such as Perceived Easy to Use (PE), Perceived Usefulness (PU),
Subjective Norms (SN), and Facility Condition (FC). Other than these four, three other
parameters were introduced relating to the construction industry—Perceived Personal Ben-
efits, Perceived Risk, and Perceived Attitudes. The impact of each constraint on the actual
usage was investigated through expert judgments, and Perceived Personal Benefit was
recorded as the most influencing factor for the digitalization of the construction industry
according to the analytic hierarchy process (AHP) analysis. Further, as this conceptual
model was derived from literature, empirical validation was carried out to validate the
model using expert judgments.

As there is no research evidence for the digital transformation in the construction
industry with respect to human factors, this research will provide insight into the key
factors that should be considered with the digital transformation. Thus, this research
fulfills the lack of knowledge in the digitalization of the construction industry as per the
human perspective and will provide a prerequisite to finding the solutions for the issues
which emerge within the industry toward digitalization.
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Appendix A

However, users in the construction field are not able to use these systems easily
because of a lack of experience, revitalization in the use of different technologies, and the
opinion that the construction site environment is continuously changing and that the actual
efficiency cannot match the functionality of the programs. Other problems, such as lack of
skill, program compatibility, instance of use, and application scope, need to be investigated.
To solve the identified problems, the subjects of construction IT have to be more specific, and
it is necessary to compare them with those in other industries. Future studies must examine
the external variables and moderating factors of information technology acceptance and
usage in the construction industry. Then, digitalization decisions in the construction
industry can be made more systematically and rationally in the future with those outcomes.
Furthermore, the research would like to propose longitudinal studies than cross-sectional
research to obtain precise results for future studies.
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Table A1l. Constraints based on literature review.

Factor

Definition Application Referred Model

Perceived Usefulness
(PU)

Internet banking in Lebanon [31].
Mobile learning adoption in higher
education in Guyana [55].
Emirati Citizens” adoption of
e-Government in Abu Dhabi [56].
PU measures the degree to which Internet Banking Adoption [55]. UTAUT
an individual believes that using  Acceptance of medical laboratory portals
the technology will help them by patients in Shiraz [79].
attain benefits Telecentre acceptance in Nigeria [38].
Consumer acceptance of information
technology [51].

Acceptance of information
technology [33].
Acceptance of information
technology [32].

TAM

Perceived Ease of Use
(PE)

Internet banking in Lebanon [31].
Mobile learning adoption in higher
education in Guyana [80].
Emirati Citizens” adoption of
e-Government in Abu Dhabi [56].
Internet banking adoption [81]. UTAUT
Acceptance of medical laboratory portals
by patients in Shiraz [79].
Telecentre acceptance in Nigeria [82].
Consumer acceptance of information
technology [51].

PE is the degree of ease associated
with customers’ use of technology

Acceptance of information
technology [33].
Acceptance of information
technology [14].

TAM
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Table A1. Cont.

Factor Definition Application Referred Model
Complexity is the extent to which DIT
Complexit an innovation can be considered Mobile banking adoption [83]. PC
p y relatively Mobile banking adoption [55]. Utilization Theor
difficult to understand and use y
Mobile learning adoption in higher
education in Guyana [67].
Emirati citizens” adoption of
e-Government in Abu Dhabi [56].
. . " , Internet banking adoption [55].
SN s deﬁl:ed as-a perslo n Sh Acceptance of medical laboratory UTAUT
Subjective Norms perception that mo;c Pe?l}? ivg © portals by patients in Shiraz [79].
harelilmpoﬁan’iéo {[m t fm teh Telecentre acceptance in Nigeria [84].
shou bO}r1 should no psr OrM e Consumer acceptance of information
ehavior in question technology [51].
Technology adoption [45]. TRA
Technology adoption [45]. TPB
Technology adoption [21].
Mobile banking adoption [55]. C-TAM-TPB
Internet banking in Lebanon [31].
Emirati citizens” adoption of
e-Government in Abu Dhabi [56].
Internet banking adoption [55].
Facility Conditions The degree to which an individual Acceptance of medical laboratory UTAUT
(Barriers to implementing,  believes that an organizational portals by patients in Shiraz [79].
System Design and technical infrastructure exists ~ Telecentre acceptance in Nigeria [38].
Characteristics, Top to support the use of the system  Consumer acceptance of information
management support, technology [51].
training for staff, Inf e d technol
decision-making niormation and technology TAM
. acceptance [33].
characteristics)
Internet banking adoption [55]. PC Utilization
Management actions regarding
Management Effectiveness  the organizational issues and staff ~ Telecentre acceptance in Nigeria [38]. Extended UTAUT
within the organization
Program is defined as the specific
. service or intervention provided T
Program Effectiveness by the organization with the Telecentre acceptance in Nigeria [38]. Extended UTAUT
technology
Perceived risk Perceived risk is the uncertainty Consumertziinep;ﬁ) nee [05f11]nformat10n Extended UTAUT
(Price Value) associated with the purchasing gy ’
and maintaining Mobile banking adoption [83]. DIT
Observability is the extent to
which an innovation is visible to
Observability the members of a social system, Mobile banking adoption [83]. DIT
and the benefits can be easily
observed and communicated
Relative advantage refers to the
Relative advantage degree to which an innovation is Mobile banking adoption [83]. DIT
perceived as providing more
benefits than its Predecessor
Beliefs can be defined as long Technology adoption [45]. TRA
term p r.::lCth‘ed convictions in Telecentre acceptance in Nigeria [38]. SCT
Individual believes people S minds regarding a -
particular technology Technology adoption [45]. PB

Technology adoption [21].
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Factor Definition Application Referred Model
PC is the degree to which Internet banking in Lebanon [31].
Perceived credibility competent trustworthiness is Emirati citizens” adoption of Extended UTAUT
given to the recipient. e-Government in Abu Dhabi [56].
. e The capacity to experiment with . . .
Trialability new technology before adoption Mobile banking adoption [83]. DIT
) TTF is the degree to which the Internet banking in Lebanon [31]. Extended UTAUT
Task Technology Fit technology fits with the task of an . . . N
individual Mobile banking adoption [55]. PC Utilization Theory
The degree to which a service is
- . ived as consistent with users’ : : .
Compatibility with user pereetve - . Mobile banking adoption [83].
expectations ex;srfglgrvalu(is, bcelhefs, habits, Technology adoption [45]. bt
present and previous
experiences
The degree to which a technology
Demonstrability can be demonstrated and logically Internet banking adoption [55]. Extended UTAUT
proven.
External Factors (Cultural,
Social and Political A £ inf . hnol
Factors /Skills cceptance of information technology TAM
(Educational Level), The degree to which a technology [33]-
Environmental is influenced by external
Conditions/Long Term interferences.
Consequences/Cost of the
echnol- elecentre acceptance in Nigeria [15].
Technol Tel P in Nigeria [15] SCT
ogy/Age/Gender/Location)
Technology adoption [45]. TRA
- The pleasure derived using a
Motivational Factors technol - -
echnology Consumer acceptance of information Motivational Model
technology [51].
The extent to which an activity is Computer game acceptance [35].
Perceived en . perceived to be enjoyable without P & P 1351 TAM
ercerved enjoymen considering any performance . . o
consequences Internet banking adoption [55]. Motivational Model
Evolving anxious or emotional . L
reactions when it comes to Telecentre acceptance in Nigeria [38]. SCT
Personal Factors (Anxiety,  performing a behavior (e.g., using
Expectations ; -
Pec - a computer) the apprehension, or Technology adoption [21]. TPB
Self—Percepl’c}%ni) I.Tc;1v1dual even the fear an individual has
goal/habits toward the possibility to use a o
technolo Technology adoption in higher UTAUT
&Y education sector in Sri Lanka [37].
Perceived Behavioral The level of control the Technology adoption [21]. TPB
Control consequences Mobile banking adoption [55]. C-TAM-TPB
he individual Technology adoption [45]. TRA
The individual’s positive or -
Attitude towards usage negative feeling (evaluative effect) Technology adoption [21] P8
about performing the targeted Computer game acceptance [35]. TAM
behavior Mobile learning adoption in higher
. UTAUT
education in Guyana [80].
Technology adoption [45]. TRA
. ) Technology adoption [21]. TPB
Behavioral Intention Th;er;}girsr? gesc;fegﬁieealgéil;g?; to Computer game acceptance [35]. TAM
Mobile learning adoption in higher UTAUT

education in Guyana [80].
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Table A1. Cont.

Factor Definition Application Referred Model
Technology adoption [21]. TPB
The degree to which a person will Information and technology TAM
Personal Development improve their self-development acceptance [33].
Mobile learning adoption in higher
education%n Gul:;lana [80].g UTAUT
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