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Abstract: The engineering-procurement-construction (EPC) method has the potential to help
construction projects achieve sustainable performance, e.g., the contractor’s early involvement,
cost savings, and a reduced schedule. However, high uncertainties and complexities are contained in
EPC projects. 4D BIM (Building Information Modeling) with abilities to simplify the time and space
relationships of construction activities and support multi-party information sharing is beneficial to
EPC project management. The behavior pattern of the project personnel toward accepting 4D BIM
information systems or tools needs to be explored. Therefore, a research model of the acceptance of 4D
BIM in EPC projects with eight latent constructs is proposed through a literature review of technology
acceptance theories. Data is collected from a questionnaire survey and interviews. Research
hypotheses are examined using PLS-SEM (partial least squares-structural equation modeling).
Empirical evidence is collected from China, and implications to the developing countries facing the
challenge of developing a technology-intensive construction industry are provided: (1) Adopting
4D BIM in the EPC project is beneficial; (2) the task-technology fit plays a leading role in technology
acceptance; (3) the management incentive is inefficient at the operational stage. Suggestions for future
research on 4D BIM acceptance in complex construction projects with abundant data and alternative
models are provided.

Keywords: engineer-procurement-construct; 4D BIM; technology acceptance; PLS-SEM

1. Introduction

The Engineering-Procurement-Construction (EPC) contracting method has increasingly been
applied in the architecture, engineering, and construction (AEC) fields, especially for international and
large-scale projects [1–3]. EPC mode is suitable for construction projects in which the requirements of
cost and schedule are strict because it can help achieve sustainable performance with the early
involvement of contractors, cost savings, and reduced schedules, etc. [2]. Compared to the conventional
project delivery method, e.g., Design-Bid-Build (DBB), higher uncertainty and complexity are contained
in EPC projects, which may make EPC projects risky, especially for contractors [4]. Most of the
unsuccessful EPC practices fail due to a lack of appropriate knowledge and techniques and ineffective
communication among project stakeholders. All these challenges stimulate the need for appropriate
techniques that aim at achieving proper synchronization and collaboration at the site level [5]. Current
4D (i.e., three dimensions plus time) BIM (building information modeling) systems or software
packages provide computer-aided management functions and support timely multi-party information
sharing in the project-based organizations. In the project level, 4D BIM can cope with the requirement of
consideration of the time and space relationships of construction activities [6]. It can present dynamic
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construction plans and generate construction process patterns to assist construction managers [7] and
further contribute to the project knowledge codification and personalization [8].

Previous studies on BIM application in EPC projects mainly focused on: (1) How to enhance
BIM performance in EPC projects [9]; (2) how to promote the performance of EPC projects through
applying BIM [10]. But less attention was paid to the technology acceptance process of BIM. Although
many researchers and practitioners agree that 4D BIM is capable and helpful in EPC projects, it is still
unclear how 4D BIM systems or tools could be accepted and used in practice. Moreover, the benefits of
implementing 4D BIM also deserve to be explored and confirmed in the construction industry. There
has been a large number of academic research examining the determinants of information technology
acceptance and utilization among users [11]. Among them, research on the theory of technology
acceptance is an essential stream, including the technology acceptance model (TAM), the theory of
planned behavior (TPB), and theory of technology-to-performance chain (TPC) [12–14]. The purpose of
this paper is to develop and validate the 4D BIM acceptance model in EPC projects based on technology
acceptance behavior theories to extract experiences and knowledge from current industrial practices.

In this paper, theoretical fundamentals and related models for technology acceptance are firstly
reviewed. Based on the literature review and interviews, the 4D BIM acceptance model with eight latent
constructs and eleven hypotheses are proposed. Then, the PLS-SEM (partial least squares-structural
equation modeling) is employed to validate the research model and test proposed hypotheses,
including instrument development, data collection, and measurement validation. Finally, theoretical
and managerial implications are discussed and associated with research results.

2. Literature Review

2.1. 4D BIM Application in EPC Projects

2.1.1. Features of the EPC Project

Compared to the conventional DBB approach, EPC has the potential to deal with high complexity
by introducing in an integrated thought process about design, purchase, construction and trial
operation [15]. In an EPC project, the general contractor takes responsibility to design, execute,
and complete the project as a single-entity, meanwhile dealing with a wide range of risks from
various perspectives, e.g., organizational, sociopolitical, economic, and environmental [3,4,16]. Many
researchers addressed the intra-organizational risks which are allocated more intensively on the client
and general contractor [3,4]. Therefore, the trust-based organizational relationship, e.g., partnering,
is suggested to improve the performance of EPC project execution, rather than the adversarial
relationship in many DBB projects [2,17–19].

The sustainable performance of EPC projects is also an essential issue in the literature.
Du et al. (2016) measured the EPC project performance on time, cost, quality, and HSE (health,
safety, and environment) under the influence of the patterning strategy [2]. AlMaian et al. (2016)
studied the quality requirements of materials for an EPC project from a supplier-quality-management
perspective [20]. Many researchers emphasized the savings with respect to the time schedule achieved
by adopting the EPC method [15,21], however, it is affected by the uncertainties and complexities of
the project itself [3,22]. In the EPC project, the schedule management involves a design schedule,
purchasing schedule, and construction schedule, and to control these three kinds of schedules
simultaneously is a challenge for the general contractor [15,23].

2.1.2. 4D BIM Application

4D BIM is being evolved to cope with the requirement of the consideration of the time
and space relationships of construction activities [6]. According to Gledson and Greenwood
(2017), one of the achievements of 4D BIM is recognized as amplifying the understanding of
the construction plan through 4D visualizations [24]. Mahalingam et al. (2010) defined 4D
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visualizations as “simpler representations of the development of the project and can be used by
a wider variety of project participants at varying levels of skills and experience” [25]. In practice,
4D BIM information systems or software packages provide computer-aided management functions
and support multi-party information sharing, i.e., supporting each participant to publish and obtain
information based on permissions.

Conventional construction scheduling frequently employs the Critical Path Method (CPM) to
draw a network plan or a Gantt chart to present and control the construction process. Chua et al. (1999)
pointed out that activity-based scheduling techniques, e.g., CPM, involved unrealistic assumptions:
(1) Preparation for the activity has always been adequately made before the activity’s schedule time;
(2) each activity is to be duly accomplished [26]. These two assumptions make the construction
schedule inflexible. In current 4D BIM scheduling and planning, the construction schedule information
can be defined as on-site construction process patterns through a set of tasks (e.g., IfcTask) and their
corresponding control information (e.g., IfcControl) according to the IFC standard [27]. Because of
the object-oriented features, modeling and simulation methods can be applied in 4D BIM information
systems or environments [28] to visualize and test construction schedules using “a collection of entities,
that act and interact together toward the accomplishment of some logical end” [29].

EPC projects typical feature high complexity and many difficulties in coordination [3].
The ability of BIM in the process integration and information sharing, on the one hand, can improve
communication among different specialties, e.g., architecture design, mechanical, electrical and
plumbing (MEP), and project management [30]. For example, BIM-based visual conferences can
effectively assist in multiple decision making, scheme selection, and technical discussion.
On the other hand, cooperation works based on BIM platforms can be achieved, for instance,
deepening design and resource management. 3D visualization is an important feature of BIM.
In the EPC project, BIM technology can be introduced into planning and design at the initial stage of the
project. In combination with the preliminary planning scheme and the site environment, a preliminary
3D model is established by using BIM technology which can be used to assist in comparison and
selection of planning schemes [31,32]. As the scheme is confirmed and the design is deepened,
the overall and local structural models are refined, such as structural member section, reinforcing
bar, steel structure, and so forth, until the detailed design drawings are completed. In the process of
deepening the design, BIM can be used to detect design conflicts to solve problems before the start of
construction. Further, based on 4D BIM, the EPC project manager can optimize the construction
process and control the construction schedule of the project. Through the process simulation, the
construction manager can analyze whether the construction process is reasonable [28]. Additionally,
relevant visualized simulation and analysis results provided by 4D BIM can also contribute to
the optimization of construction plans, e.g., construction space planning, construction machinery
allocation, and resource material supply. Although 4D BIM is capable and helpful in EPC projects as
discussed above, it is still unclear how 4D BIM systems or tools could be individually accepted and
used in practice. However, adopting BIM in construction projects was conventionally a strategical
issue and was previously discussed from social, industrial, project-based organizational and functional
perspectives [33–35]. From an individual aspect, the behavior pattern of project personnel accepting
4D BIM information systems or tools has rarely been explored.

2.2. Theoretical Models for Technology Acceptance

2.2.1. Technology Acceptance Model

The technology acceptance model (TAM) draws on the theory of reasoned action (TRA) [36], and
it is among the most widely applied theories when researching whether an information system (IS)
can be accepted in use [37]. The concept of TAM was proposed by Davis in 1985 [38]. In the first
version of TAM, the perceived ease of use (PEU) and perceived usefulness (PU) have positive effects
on the attitude toward using (AU), which further influences the actual system use [38]. Davis refined
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the theory in 1989 and confirmed that whether or not a user will use a certain technology was mainly
determined by the behavioral intention (BI) of the user toward the technology [12]. BI refers to the
intensity of a user’s subjective intention to use a particular technology, and it is influenced by the
two major beliefs mentioned above, i.e., PEU and PU, with PEU having a direct influence on PU.
The TAM model keeps on developing, and Venkatesh and Davis proposed two extended versions of
TAM, namely TAM2 and TAM3. TAM2 emphasized the identification of the variables that influence
the PU [39]. Based on Venkatesh’s research on the variables which influence PEU [40], TAM2 was
developed into TAM3 [41].

2.2.2. The Theory of Planned Behavior

The theory of planned behavior (TPB) was proposed by Ajzen in 1991 [13], and it has been a
general model that has been applied in many diverse domains [42]. Compared to TRA, which assumes
people have complete volitional control, TPB primarily focuses on dealing with the situations in which
people have incomplete volitional control. As an extension of the theory of reasoned action, TPB added
subjective norm (SN) and perceived behavioral control (PBC) as antecedents of behavior intention,
so the behavioral intention became the function of SN, PBC, and attitude toward using. Perceived
behavioral control means the perception of opportunities and resources constraints on performing the
behavior, and it is employed to measure incomplete volitional control. SN reflects the perceptions of
other people who desire the individual to perform in a particular way [13].

2.2.3. Technology-to-Performance Chain

Goodhue and Thompson did a series of studies on how technologies lead to an individual’s
performance impact, and they proposed the model of technology-to-performance chain (TPC) [14].
This model draws a sophisticated picture of the way in which technology, user tasks, and utilization
are related to changed performance [43]. The TPC combines insight from research on user attitudes,
as predictors of utilization, with the concept of task-technology fit (TTF) as a predictor of performance
impacts [44]. TTF is an established theoretical framework in information systems research [45].
Goodhue and Thompson (1995) defined TTF as “the degree to which a technology assists an individual
in performing his or her portfolio of tasks” [14]. The TPC proposes that TTF is a function of task
characteristics, technology characteristics, and individual characteristics [44]. TTF directly influences
performance and it influences utilization through expected outcomes of utilization, which is one of
the precursors of utilization. Goodhue and Thompson also proposed that utilization directly leads to
performance impacts, so the core of TPC can be expressed as that for a technology to have a positive
impact on individual performance, the technology must fit with the tasks it is intended to support,
and it must also be utilized.

According to some similar research, TAM and its extended theories are reliable ways to predict
the acceptance behavior of the IT user [46]. Although there have been many empirical studies on
the smart construction technology forecasting and change based on the TAM in the construction
industry [47–49], they all obey the assumption of complete volitional control. This actually may lead to
some unrealistic conclusions. Meanwhile, previous studies consider more the influence from external
variables, e.g., voluntariness, experience, and output quality [47]. But the TTF, which has been proved
to be a critical factor impacting the user’s attitude toward IT in other fields, is always ignored in the
construction context.

3. Hypothesis Development

Through literature reviews and interviews, it is confirmed that applying the 4D BIM information
system to EPC project management is beneficial. However, the behavior pattern of the project personnel
accepting and using the 4D BIM information system needs to be clarified. This paper combines with
TAM, TPB, and TPC theories to build and evaluate the theoretical behavior pattern of the acceptance of
4D BIM information systems or tools in EPC projects.
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According to Viswanath Venkatesh, Morris, and Davis (2003), the underlying user acceptance logic
is “the individual reaction to using information technology influences the intention to use information
technology, which further affects the actual use of information technology” [50]. In TPC theory,
it is confirmed that expected consequences of utilization (ECU), i.e., the individual reaction to
using information technology, can positively influence utilization, i.e., the actual use of information
technology, and utilization further affects performance impacts (PI). However, BI, i.e., the intention
to use information technology, is ignored in the TPC models, and this does not obey the above
logic. According to Goodhue and Thompson (1995), ECU has weak direct effects on the actual
use of information technology [14]. Therefore, this paper introduces BI into the TPC model, which is
emphasized in both TAM and TPB models. Meanwhile, we also take SN and PBC into consideration,
following the suggestion of Ajzen (1991) [13]. SN, e.g., requirements from the employer, is crucial for
the application of 4D BIM in EPC projects because it is the driving force for users to accept and use
technology in the case where users’ subjective initiative is low. PBC also plays an essential role in the
acceptance of technology, because it influences both BI and UT.

According to the literature review and industry practices, an initial research model is presented in
Figure 1. There are four constructs from TAM (i.e., BI, UT, PU, and PEU), two constructs from TPB
(i.e., SN and PBC), and two constructs from TPC (i.e., TTF and PI). The construct, i.e., the latent variable
means the variable cannot be measured or observed directly.
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Figure 1. Research model of the acceptance of 4D Building Information Modeling (BIM) in
engineering-procurement-construction (EPC) projects.

The construct definition is provided in Table 1. It is worth noting that UT and BI are two
overlapping constructs. UT is extracted from both the TPC model and TAM model, while BI is
extracted from the TAM model as well as the TPB model.
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Table 1. Definition of research constructs.

Construct Code Definition

Utilization of Technology UT The degree to which a user uses 4D BIM tools/systems
regarding the frequency and intensity of utilization

Task-Technology Fit TTF The degree to which 4D BIM tools/systems assist a user
in performing his/her portfolio of tasks

Performance Impact PI The degree of a comprehensive effect on work efficiency
and performance using 4D BIM tools/systems

Perceived Usefulness PU The degree to which a user feels the use of 4D BIM
tools/systems can complete the work tasks.

Perceived Ease of Use PEU The degree to how easy or convenient for a user to use
4D BIM tools/systems

Behavioral Intention BI The degree of the subjective intent of a user to use 4D
BIM tools/systems

Subjective Norm SN The degree of the perceived expectations from others
that influence a user to use 4D BIM tools/systems

Perceived Behavior Control PBC The degree of a user’s perceptions of his/her eligible
ability to use 4D BIM tools/systems

As the research model presented, the following hypotheses are proposed to study the behavior
pattern of the project personnel accepting and using the 4D BIM information system in EPC projects:

Hypothesis 1 (H1). High degree of the subjective intent of a user to use 4D BIM tools/systems is likely to
influence his/her use behavior regarding frequency and intensity.

Hypothesis 2 (H2). The frequency and intensity of the user behaviors are positively associated with work
efficiency and performance using 4D BIM tools/systems.

Hypothesis 3 (H3). The high degree to which 4D BIM tools/systems assist a user in performing his/her
portfolio of tasks is likely to make him/her feel that the use of 4D BIM tools/systems can complete the work tasks.

Hypothesis 4 (H4). The high degree to which 4D BIM tools/systems assist a user in performing his/her
portfolio of tasks is likely to influence the subjective intent of him/her to use 4D BIM tools/systems.

Hypothesis 5 (H5). The degree to which 4D BIM tools/systems assist a user in performing his/her portfolio of
tasks is positively associated with the work efficiency and performance using 4D BIM tools/systems.

Hypothesis 6 (H6). The high degree to which a user feels the application of 4D BIM tools/systems can complete
the work tasks is likely to influence the subjective intent of him/her to use 4D BIM tools/systems.

Hypothesis 7 (H7). The degree to which it is easy or convenient for a user to use 4D BIM tools/systems is
likely to influence the subjective intent of him/her to use 4D BIM tools/systems.

Hypothesis 8 (H8). The degree to which it is easy or convenient for a user to use 4D BIM tools/systems is
likely to make him/her feel that the use of 4D BIM tools/systems can complete the work tasks.

Hypothesis 9 (H9). The perceived expectations from others that influence a user to use 4D BIM tools/systems
are positively associated with his/her subjective intent to use 4D BIM tools/systems.

Hypothesis 10 (H10). The user’s perceptions of his/her eligible ability to use 4D BIM tools/systems is positively
associated with his/her subjective intent to use 4D BIM tools/systems.
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Hypothesis 11 (H11). The user’s perceptions of his/her eligible ability to use 4D BIM tools/systems is positively
associated with his/her use behavior regarding frequency and intensity.

4. Method and Data Collection

In this study, we combined two-phase interviews and a questionnaire survey. The first phase
interview was conducted to develop the questionnaire instrument, while the second phase interview
aimed to validate the statistical results after the hypotheses testing. We carried out a five-step method
to collect data from Chinese leading companies and organizations which implement 4D BIM and adopt
EPC mode in construction projects:

1. First phase interview and questionnaire design: An initial questionnaire with 24 questions was
grounded in the TAM, TPB, and TPC literature that includes Davis, Venkatesh and Bala, Ajzen and
Goodhue, and Thompson [12–14,41], and combined the results from the industry interviews.

2. Pre-test for questionnaire development: After the questionnaire was refined, a pre-test with
35 valid samples for questionnaire improvement was conducted. One question about PEU in the
formal questionnaire was deleted according to the pre-test results.

3. Data collection by the formal questionnaire survey: A formal questionnaire with 27 questions
survey was conducted to collect a larger sample.

4. Model evaluation and hypotheses testing: PLS-SEM was employed in this study to validate the
research model and test proposed hypotheses.

5. Second phase interview: The interview was conducted to provide qualitative evidence for the
statistical results generated by the PLS-SEM calculation.

In the first phase interview, two groups of professionals were involved. Four project managers
from construction firms and two project managers from client units who have over four years of
work experience were invited. The content of the questionnaire was validated according to the
feedback provided by these six interviewees. Another five interviewees from construction firms
were later asked to test this initial questionnaire and modify items which were inappropriately or
incorrectly expressed.

The respondents in the questionnaire survey were separated from the interviewees involved
in the first and second phase interviews. A seven-point Likert type scale was introduced in the
questionnaire as the substantial part [51], and four questions were added to exclude invalid data
provided by respondents without sufficient expertise. Respondents were asked to state their agreement
with a given statement on a scale that ranges from “strongly disagree” (score 1) to “strongly agree”
(score 7) with its midpoint (score 3) anchored as “uncertain, neither agree nor disagree”. Respondents
were asked to consider their working habits while responding to the questions on these constructs.
This study collected data using an online questionnaire survey in China. The data collection conducted
between 14 March 2018 and 12 December 2018. The initial respondents came from following types of
organizations: (1) Real estate developers, e.g., China Overseas Land & Investment Limited and Vanke;
(2) contractors, e.g., China State Construction Engineering Corporation and Sinohydro; (3) Consulting
companies, e.g., Glodon Software. The above units are Chinese leading companies or organizations
which implement 4D BIM in the construction field. Then, a snowball sampling technique was used
for contact names at other candidate firms. In total, 92 questionnaires with a 30% response rate
were collected.

Respondents were considered to be professionals with basic understanding and relevant work
experience about 4D BIM in EPC projects. Eight respondents’ questionnaires were rejected because
they did not have related experience. Meanwhile, three respondents’ questionnaires were excluded
because of unqualified data. The final dataset contained 81 valid respondents. The details of the
respondents are shown in Table 2:
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Table 2. Respondent details.

Personal Attribute Categorization Number of
Respondents Percentage (%)

Organization type

Contractor 30 37.04

Owner 27 33.33

Consulting 18 22.22

Designer 6 7.41

Related work experience

Design and Modeling 21 25.93

Planning and Scheduling 29 35.80

Site Monitoring 4 4.94

Scheme Simulation and Comparing 11 13.58

Cost and Contract Management 12 14.81

Others 4 4.94

Age

<25 years old 12 14.81

25–29 years old 37 45.68

30–34 years old 12 16.05

35–40 years old 12 13.58

>40 years old 8 9.88

Gender
Male 49 60.49

Female 32 39.51

PLS-SEM was employed in this study to validate the research model, using the SmartPLS software
package (version 3.2.8) [52]. This method can deal with the small sample size and suitable for
explorative studies [53]. The summary analysis of the measurement items from the questionnaire
is provided in Appendix A. Afterward, the second phase interview was carried out with the same
interviewees in the first phase. Their feedback about tested hypotheses was helpful to understand the
difference and consensus between real situations and statistics results.

5. Data Analysis and Results

5.1. Measurement Model Evaluation

PLS-SEM develops a series of empirical test criteria to evaluate the reflective and formative
measurement models respectively [53,54]. The research model in this paper applied the reflective type
for all indicators. Therefore, an evaluation of the reflective indicators is employed, i.e., the indicator
reliability, internal consistency reliability, convergent validity, and discriminant validity are required to
be evaluated. The evaluation results are shown in Table 3:

Table 3. Evaluation of the measurement model.

Construct Indicator Indicator Reliability Internal Consistency
Reliability

Convergent
Validity

Loading t-value Significance Cronbach’s α CR AVE

UT
UT1 0.942 59.652 p < 0.001

0.868 0.938 0.883
UT2 0.937 57.821 p < 0.001

TTF

TTF1 0.885 37.623 p < 0.001
0.857 0.913 0.777TTF2 0.826 17.541 p < 0.001

TTF3 0.930 52.123 p < 0.001
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Table 3. Cont.

Construct Indicator Indicator Reliability Internal Consistency
Reliability

Convergent
Validity

Loading t-value Significance Cronbach’s α CR AVE

PI

PI1 0.730 9.101 p < 0.001
0.632 0.799 0.571PI2 0.796 13.418 p < 0.001

PI3 0.739 7.909 p < 0.001

PU

PU1 0.890 33.387 p < 0.001
0.886 0.930 0.815PU2 0.895 29.447 p < 0.001

PU3 0.919 46.022 p < 0.001

PEU

PEU1 0.844 18.685 p < 0.001
0.885 0.928 0.812PEU2 0.887 30.925 p < 0.001

PEU3 0.832 19.534 p < 0.001

BI

BI1 0.873 30.358 p < 0.001
0.816 0.891 0.731BI2 0.926 47.016 p < 0.001

BI3 0.908 42.708 p < 0.001

SN
SN1 0.919 30.591 p < 0.001

0.847 0.928 0.866
SN2 0.942 58.150 p < 0.001

PBC

PBC1 0.914 57.570 p < 0.001
0.844 0.905 0.762PBC2 0.843 17.723 p < 0.001

PBC3 0.860 20.516 p < 0.001

The indicator reliability can be evaluated by the factor loadings, which are empirically suggested
to be more than 0.7 with an acceptable significance, i.e., two-tailed t-values larger than 2.58
(p < 0.001) [53]. In the reflective measurement model, all indicators’ loadings are higher than 0.7
and significant. For the internal consistency reliability, the values of Cronbach’s α are required to
be higher than 0.7, and values of the composite reliability (CR) higher than 0.60 in the exploratory
study are acceptable [53,55]. All the reflective indicators represent good internal consistency reliability.
The average variance extracted (AVE) is required to evaluate the convergent validity [56,57], and the
empirical acceptable minimum value is around 0.5 [53,56,58]. Consequently, the measurement model
has a qualified indicator reliability, internal consistency reliability, and convergent validity. To evaluate
the discriminant validity of reflective indicators, the cross-loadings and Fornell-Larcker criterion [56]
are suggested as two main measures. Table 4 shows the results of the discriminant validity evaluation.

Table 4. Cross-loading evaluation results for discriminant validity evaluation.

Indicators UT TTF PI PU PEU BI SN PBC

UT1 0.942 0.534 0.479 0.461 0.385 0.586 0.587 0.607

UT2 0.937 0.579 0.451 0.463 0.399 0.634 0.510 0.489

TTF1 0.460 0.885 0.508 0.783 0.668 0.682 0.597 0.512

TTF2 0.595 0.826 0.376 0.560 0.540 0.532 0.587 0.608

TTF3 0.534 0.930 0.522 0.701 0.647 0.647 0.648 0.605

PI1 0.311 0.348 0.730 0.475 0.368 0.267 0.399 0.299

PI2 0.429 0.508 0.796 0.545 0.442 0.305 0.457 0.343

PI3 0.366 0.330 0.739 0.427 0.298 0.312 0.377 0.353
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Table 4. Cont.

Indicators UT TTF PI PU PEU BI SN PBC

PU1 0.507 0.756 0.508 0.890 0.639 0.654 0.610 0.579

PU2 0.395 0.625 0.688 0.895 0.640 0.506 0.553 0.374

PU3 0.419 0.723 0.562 0.919 0.683 0.600 0.570 0.420

PEU1 0.278 0.530 0.321 0.545 0.844 0.475 0.383 0.422

PEU2 0.485 0.637 0.548 0.645 0.887 0.530 0.634 0.564

PEU3 0.295 0.637 0.391 0.663 0.832 0.490 0.518 0.460

BI1 0.611 0.668 0.481 0.671 0.570 0.873 0.577 0.508

BI2 0.604 0.628 0.325 0.581 0.485 0.926 0.488 0.475

BI3 0.535 0.623 0.231 0.512 0.523 0.908 0.479 0.441

SN1 0.463 0.618 0.491 0.570 0.505 0.487 0.919 0.435

SN2 0.614 0.667 0.528 0.624 0.614 0.574 0.942 0.511

PBC1 0.578 0.579 0.417 0.482 0.502 0.517 0.479 0.914

PBC2 0.460 0.525 0.329 0.369 0.483 0.417 0.444 0.843

PBC3 0.480 0.586 0.396 0.487 0.503 0.440 0.412 0.860

As for the evaluation of cross-loadings, an indicator’s loadings with its associated latent construct
(in bold) should be higher than its loadings with all the remaining constructs [53,55]. All the indicators
show a qualified discriminant validity via the cross-loadings evaluation (see Table 5).

Table 5. Fornell-larcker criterion (latent variable correlations) for discriminant validity evaluation.

AVE UT TTF PI PU PEU BI SN PBC

UT 0.883 0.940 *

TTF 0.777 0.591 0.882 *

PI 0.571 0.495 0.538 0.755 *

PU 0.815 0.492 0.783 0.644 0.901 *

PEU 0.812 0.417 0.707 0.497 0.726 0.855 *

BI 0.731 0.648 0.710 0.390 0.656 0.584 0.903 *

SN 0.866 0.585 0.692 0.548 0.643 0.606 0.573 0.931 *

PBC 0.762 0.584 0.645 0.439 0.513 0.567 0.528 0.511 0.873 *

Note: * The square root of average variance extracted (AVE).

As shown in Table 5, the square root of each latent construct’s AVE should be higher than its
highest correlation with other latent constructs, according to the Fornell-larcker criterion [53,55].
In conclusion, the measurement model has a qualified discriminant validity.

5.2. Structural Model Evaluation

All 5000 resamples obtained by bootstrapping are computed in SmartPLS to estimate the
significance of path coefficients and test the hypotheses. The path coefficients, the significance of path
coefficients, the coefficient of determination (R2), and its effect size f2, cross-validated redundancy (Q2)
are given in Table 6 and Figure 2:
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Table 6. Structural model evaluation and key criteria.

Path Path Coefficient The Significance of
Path Coefficient

Coefficient of
Determination

Cross-validated
Redundancy

β Mean Std. Dev t-value Significance R2 f2 Q2

UT -> PI 0.272 0.268 0.113 2.395 p < 0.05
0.338

0.073
0.169

TTF -> PI 0.377 0.389 0.117 3.234 p < 0.01 0.140

BI -> UT 0.471 0.467 0.107 4.415 p < 0.001
0.501

0.321
0.406

PBC -> UT 0.335 0.340 0.094 3.550 p < 0.001 0.162

TTF -> BI 0.385 0.371 0.186 2.065 p < 0.05

0.544

0.087

0.398
PU -> BI 0.210 0.208 0.164 1.277 p > 0.05 0.031

PEU -> BI 0.049 0.054 0.153 0.318 p > 0.05 0.002

SN -> BI 0.093 0.105 0.144 0.646 p > 0.05 0.009

PBC -> BI 0.097 0.097 0.117 0.831 p > 0.05 0.011

TTF -> PU 0.538 0.542 0.088 6.107 p < 0.001
0.673

0.443
0.509

PEU -> PU 0.346 0.342 0.095 3.632 p < 0.001 0.183

All the constructs’ R2 values are acceptable. The effect size f2 is also given to assess how actively
one exogenous construct contributes to explaining a specific endogenous construct regarding R2 [59].
Q2 values are empirically suggested from 0.02, 0.15, and 0.35, respectively representing weak, moderate,
and robust effect levels of predictive relevance [60], and most of the constructs have enough effect of
predictive relevance for this study.
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As shown in Table 7, hypotheses related to the TPC model (H1–H5) are all supported: (1) The
utilization of the 4D BIM information system is positively correlated with users’ behavior intention
(β = 0.471, p < 0.001, R2 = 0.501); (2) the utilization of the 4D BIM information system positively
influences the work performance impacts (β = 0.272, p < 0.05, R2 = 0.338); (3) the perceived consistency
between task requirements and technical capabilities is positively associated with PU (β = 0.538,
p < 0.001, R2 = 0.673), BI (β = 0.385, p < 0.05, R2 = 0.544) and PI (β = 0.377, p < 0.01, R2 = 0.338).
However, four hypotheses related to TAM and TPB models are not well supported. There are several
paths with an insignificant path coefficients, i.e., PU to BI (H6), PEU to BI (H7), SN to BI (H9) and PBC
to BI (H10).

Table 7. Summary of hypotheses tests.

Hypothesis Path Result

H1 BI -> UT Supported

H2 UT -> PI Supported

H3 TTF -> PU Supported

H4 TTF -> BI Supported

H5 TTF -> PI Supported

H6 PU -> BI Not supported

H7 PEU -> BI Not supported

H8 PEU -> PU Supported

H9 SN -> BI Not supported

H0 PBC -> BI Not supported

H11 PBC -> UT Supported

6. Discussion and Implications

The objective of this study is to develop a research model to analyze the acceptance of 4D BIM
in EPC projects. This study is different from previous works in the following three aspects. Firstly,
previous studies did not address the context of project contracting types, and this study pays attention
to EPC projects, where a quantitative research method is suitable because some noise variables can
be avoided. Secondly, most studies on the acceptance of information technology were carried out
in developed countries. This study focuses on China, which is a typical developing country with a
huge construction market. Finally, the presented method integrates the TAM, TPB, and TPC to explore
a comprehensive acceptance model. It may contribute to the body of knowledge of the technology
acceptance theory.

6.1. Relationship Between the Utilization of 4D BIM and Performance Impacts in EPC Projects

The influence of UT on PI (β = 0.272, p < 0.05, R2 = 0.338) is statistically significant. This finding
is consistent with researches in different contexts such as Australia [45] and Portugal [61], but these
studies are not closely aligned with the construction context. It indicates that the utilization of 4D BIM
positively influences the work performance of respondents from different EPC projects in the survey.
The statistical results confirmed the views drawn from the qualitative study, i.e., semi-structured
reviews in the construction industry. Most respondents (35.80%) were involved in the work of
planning and scheduling in the survey. The schedule management in an EPC project involves the
design schedule, purchasing schedule, and construction schedule, and to control these schedules is
a challenge for the contractor’s employees. However, 4D BIM can amplify the understanding of the
construction plan through 4D visualizations and create a connection among the above three kinds of
schedules. This is one situation in which 4D BIM application can help the EPC project staffs’ work.
Meanwhile, UT is positively affected by PBC (β = 0.335, p < 0.001, R2 = 0.338). PBC is essential in the
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TPC theory and here represents the degree of a user’s perceptions of his/her eligible ability to use
4D BIM. PBC also has effects on BI, though not significant in this study. Professional training can not
only improve TTF but also improve PBC by enhancing staffs’ knowledge and confidence in using 4D
BIM tools.

6.2. The Inefficiency of Management Incentive in 4D BIM Adoption

In this study, Hypothesis 9, which states SN has a positive effect on BI, was not supported
(β = 0.093, p > 0.05, R2 = 0.544). This finding is interesting since most studies based on TPB
support this hypothesis [62–64]. We collected feedback from previous interviewees. In this case,
SN mainly represented the management incentive and is also influenced by the organizational culture.
Most interviewees replied that managers always encouraged staffs to use related software and tools
to improve work efficiency and information sharing. However, the management incentives seem
inefficient according to our samples collected in China. A possible explanation for this result is that the
respondents in this study are mainly actual 4D BIM users (see Table 2, e.g., scheduling, simulation,
and cost management) in a company. They pay more attention to one point that the IT tool can assist
their work tasks. Because of their positions in the company, they think little of business management
affairs such as corporate strategy. Besides, it is an expression of values. According to Lee et al. (2016),
egoism plays a vital role during the process of technology acceptance [65]. So, if the 4D BIM software
companies want their products to be widely accepted, they should try their best to understand what the
actual 4D BIM users in a construction company need, and the managers of the construction companies
should help complete this process.

6.3. The Leading Role of TTF for 4D BIM Acceptance in EPC Projects

According to the results, the impact of TTF on the user acceptance of technology i.e., BI (β = 0.385,
p < 0.05, R2 =0.544) and PI (β = 0.377, p < 0.01, R2 = 0.338) is quite significant. In the research model, the
benefits of a good perception of TTF about 4D BIM include: (1) Direct improvement of PU (β = 0.538,
p < 0.001, R2 = 0.673) and indirect positive effects from improved PU to BI (β = 0.210, p > 0.05, R2 =
0.544); (2) direct improvement of BI (β = 0.385, p < 0.05, R2 = 0.544) and indirect positive effect from
improved BI to UT (β = 0.471, p < 0.001, R2 = 0.501); and (3) direct improvement of PI (β = 0.377,
p < 0.01, R2 = 0.338). Consequently, TTF has a leading role in the adoption and use of 4D BIM to
improve PI in EPC projects.

In the TPC theory, TTF is defined as “the degree to which a technology assists an individual
in performing his or her portfolio of tasks” [14]. The term “portfolio of tasks” actually matches the
situation of the application of 4D BIM in EPC projects. In an EPC project, most of the employees
who use 4D BIM need to deal with complex working requirements. As Table 2 has shown, 35.80% of
respondents are involved in tasks of planning and scheduling, 25.93% do design and modeling work,
and 14.81% are busy with cost and contract management. All of the above work is not merely a single
task because of the uncertainties and complexities of an EPC project. Regular information exchange
and sharing and timely multi-party coordination are always required. Therefore, a good perception of
TTF means a user of the 4D BIM information system has a clear understanding of which functions
provided by 4D BIM can help with which tasks in his or her work portfolio. More efforts should be
made to improve TTF of 4D BIM in EPC projects from both users’ and developers’ perspectives:

1. Analysis of work requirements: Consider the design and function development of the 4D BIM
information system from the work task portfolio, and encourage the staff with specific work tasks
to evaluate the function design;

2. Agile development: The agile development mode should be prioritized to motivate staff to
think deeply about the needs of the task portfolio, rather than a one-time attempt to integrate all
functions into a waterfall development;
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3. Manager Incentives: TTF is a lever that organizational managers can use to improve the
application of 4D BIM in organizations;

4. Professional training: The personal understanding of TTF is based on the knowledge of
working tasks and available technology. 4D BIM should be included in the contents of
professional training.

7. Conclusion

The EPC method has the potential to achieve sustainable performance in early involvement of
contractors, cost savings, and reduced schedules, and so forth. However, high uncertainties and
complexities are also contained in EPC projects. 4D BIM has abilities to simplify the time and space
relationships of construction activities and support timely multi-party information sharing, and it is
beneficial for EPC projects. This paper explored the behavior pattern of the project personnel accepting
and using 4D BIM information systems or tools. A research model with eight latent constructs was
designed through a comprehensive literature review and interviews. The PLS-SEM method was
employed to evaluate the research model and test hypotheses. Data were collected from 81 users of 4D
BIM systems or tools in Chinese EPC projects.

According to some similar studies, TAM and its extensive theories are reliable methods to predict
the acceptance behaviors of the IT user [46]. Although there have been many empirical studies on smart
construction technology forecasting and change based on the TAM in construction industry [47–49],
they all obey the assumption of complete volitional control. This actually may lead to some unrealistic
conclusions. Meanwhile, previous studies consider more the influence of external variables such as
voluntariness, experience, and output quality [47], but the TTF, which has been proven to be a critical
factor impacting the user’s attitude toward IT in other fields, is always ignored in the construction
context. So, a significant theoretical contribution of this study is that the PBC and TTF are taken
into consideration.

Several practical implications are found in this study. One finding is that the management
incentive in 4D BIM adoption is inefficient. On the contrary, the task-technology fit has a leading
role to adopt and use 4D BIM to improve its performance impacts in EPC projects. Suggestions are
given to improve the task-technology fit of 4D BIM in EPC projects from both users’ and developers’
perspectives, i.e., to conduct better work requirements analysis, adopt agile development, enhance
manager incentives, and professional training. Another finding is that the utilization of 4D BIM
positively influences the work performance of respondents from different EPC projects in the survey.
This finding confirms the views drawn from the qualitative study, i.e., applying the 4D BIM information
systems or tools to EPC projects is beneficial.

It is suggested to consider the above findings associated with the particular environment of
projects. This study focused on China and aimed to provide implications to the developing
countries facing the challenge of developing a technology-intensive construction industry. Anticipated
limitations of the research in terms of validity are grounded in the approach of the literature review
and survey. In our research model, four hypotheses related to TAM and TPB models were not well
supported. As the reviewed literature provided various theories and models related to technology
acceptance, we need to make further efforts to adjust our proposed model and prepare alternative
models. Besides, this paper presented an exploratory research outcome which is limited to the sample
size and the background of the survey. In the future, more data will be collected from other regions and
countries. The causes and triggers of behavioral intentions of using 4D BIM in complex or large-scale
construction projects will be clarified in our future study.
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Abbreviations

AU Attitude toward using TAM Technology acceptance model
BI Behavioral intention TPB Theory of planned behavior
PBC Perceived behavioral control TPC Technology-to-performance chain
PEU Perceived ease of use TRA Theory of reasoned action
PI Performance impact TTF Task-technology fit
PU Perceived usefulness UT Utilization of technology
SN Subjective norm

Appendix A

Table A1. Summary Analysis of the Measurement Items from the Questionnaire.

Measurement Items Factor Loadings Reliability and Validity

Performance Impact

PI1 4D BIM information systems or tools are cost-effective
solutions for my work. 0.730

PI2 4D BIM information systems or tools can improve
my work efficiency. 0.796

PI3 Using 4D BIM information systems or tools is worthwhile. 0.739

Average Variance Extracted (AVE) 0.571

Cronbach’s α/Composite Reliability 0.632/0.799

Utilization of Technology

UT1 I often use information systems or tools which are similar to
4D BIM information systems or tools. 0.942

UT2 I use information systems which are similar to 4D BIM
information systems or tools heavily. 0.937

Average Variance Extracted (AVE) 0.883

Cronbach’s α/Composite Reliability 0.868/0.938

Behavioral Intention

BI1 I intend to use the 4D BIM information systems or tools in the
next month (or regular work cycle). 0.873

BI2 I predict that I will use 4D BIM information systems or tools in
the next month (or regular work cycle). 0.926

BI3 I already plan to use the 4D BIM information systems or tools
in the next month (or regular work cycle). 0.908

Average Variance Extracted (AVE) 0.731

Cronbach’s α/Composite Reliability 0.816/0.891

Perceived Usefulness

PU1 Using 4D BIM information systems or tools in my work will
improve my job performance. 0.890

PU2 Using 4D BIM information systems or tools in my work will
upgrade my efficiency. 0.895

PU3 Using 4D BIM information systems or tools in my work will
enhance the results of my work. 0.919

Average Variance Extracted (AVE) 0.815

Cronbach’s α/Composite Reliability 0.886/0.930
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Table A1. Cont.

Measurement Items Factor Loadings Reliability and Validity

Perceived Ease of Use

PEU1 Learning to use 4D BIM information systems or tools is easy. 0.844

PEU2 It is easy to work out what I want to do with 4D BIM
information systems or tools. 0.887

PEU3 The interaction with 4D BIM information systems or tools is
clear and understandable. 0.832

PEU4 There is no need for me to interact with 4D BIM information
systems or tools. Deleted

Average Variance Extracted (AVE) 0.812

Cronbach’s α/Composite Reliability 0.885/0.928

Task-Technology Fit

TTF1 Using 4D BIM information systems or tools fits with the
way of work I like. 0.885

TTF2 4D BIM information systems or tools are suitable for all
aspects of my work. 0.826

TTF3 Using 4D BIM information systems or tools is in line with
my working style. 0.930

Average Variance Extracted (AVE) 0.777

Cronbach’s α/Composite Reliability 0.857/0.913

Subjective Norm

SN1 People who can influence my behavior think I should use 4D
BIM information systems or tools well. 0.919

SN2 People who are important for me think I should use the 4D
BIM information systems or tools well. 0.942

Average Variance Extracted (AVE) 0.866

Cronbach’s α/Composite Reliability 0.847/0.928

Perceived Behavioral Control

PBC1 I am able to use 4D BIM information systems or tools. 0.914

PBC2 I can expertly use 4D BIM information systems or tools. 0.843

PBC3 I have the resources, knowledge and ability to use 4D BIM
information systems or tools. 0.860

Average Variance Extracted (AVE) 0.762

Cronbach’s α/Composite Reliability 0.844/0.905
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