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Abstract: The Korean domestic market is focused on the introduction of BIM (Building Information
Modeling) owing to an influx of investment due to increased interest and mandatory application of
BIM. However, the rate of BIM introduction is high, while BIM user proficiency is low. Against these
problems, the authors proposed an acceptance model for BIM in construction organizations in 2012.
As the number of BIM application cases increases and the number of BIM-trained users increases
as time goes on, BIM users’ positive perception of BIM values are expected to increase, which may
change the BIM acceptance mechanism. Therefore, we conducted a longitudinal study of the 2012
BIM acceptance model against 2019 data to estimate changes in factors affecting BIM acceptance
attitudes as well as the mechanism of the relationships between factors over time spent using the
technology. To generalize the results, the respondents were spread across construction sites. The data
obtained 119 samples from a sample of experienced users of BIM. We used AMOS 21.0 for hypothesis
testing of structural equation modeling (SEM), and the 2019 BIM acceptance model was compared
against the 2012 acceptance model using an independent sample t-test. As a result, it was confirmed
that the 2012 BIM acceptance model is still suitable for describing the BIM acceptance mechanism of
the construction organization, and there was a difference between the 2012 model and the 2019 model.
This seems to have changed the mechanism of BIM acceptance by being change perception of BIM
users as time goes on. The results of this study can be used to establish a BIM activation strategy for
each BIM acceptance stage and are expected to be applicable to establishing a BIM activation strategy
for construction organizations or countries with similar BIM acceptance stage.

Keywords: longitudinal study; construction organization; BIM Acceptance Model; Structural
Equation Modeling (SEM); t-test

1. Introduction

BIM includes property information on building objects (walls, slabs, windows, doors, roofs,
stairs, etc.) and not just 3D models, making it possible to build better buildings faster and at
lower costs [1]. In the construction industry, interest in BIM is increasing, and it is becoming
increasingly necessary. Accordingly, many application technologies that support BIM-based planning
in maintenance and management are being developed globally, and governments are proposing
guidance development and policies for BIM implementation. In Korea, the Public Procurement Service
has published the basic BIM Application Guidelines for Facility Projects, which provides standards for
BIM-related work and the use of BIM data in construction and maintenance. In 2012, the application of
BIM was imposed on public construction projects worth over 500 trillion, and the same was planned
for all public construction projects by 2016. In addition, MOLIT (the Ministry of Land, Infrastructure
and Transport of Korea) is trying to activate BIM utilization by establishing the “2030 BIM utilization
activation roadmap”.

Appl. Sci. 2020, 10, 5358; doi:10.3390/app10155358 www.mdpi.com/journal/applsci

http://www.mdpi.com/journal/applsci
http://www.mdpi.com
http://dx.doi.org/10.3390/app10155358
http://www.mdpi.com/journal/applsci
https://www.mdpi.com/2076-3417/10/15/5358?type=check_update&version=2


Appl. Sci. 2020, 10, 5358 2 of 15

Market Research Future (MRFR) [2] predicts that the BIM market will grow at an annual average
growth rate of 14.9% from 2018 to 2023, while Zion Market Research (ZMR) [3] predicts to grow to
$10.36 billion in 2022. As such, the BIM market is expected to continue to grow.

Meanwhile, according to a report that surveyed BIM utilization in 2012 [4], the implementation
of BIM in Korea is currently at 58%, which means that approximately only six out of 10 workers
in the Korean construction industry are using BIM. Among those who have not yet applied BIM,
a total of 39% of workers are aware of BIM, and only 3% have not heard of BIM. The level of BIM
application in Korea was higher than those in North America in 2009 (49%) and Western Europe in
2010 (36%) but lower than in North America in 2012 (73%). Despite the high level of BIM application
in Korea, the competency of BIM users in the country, excluding engineers, is lower than those in
Western Europe and North America. Furthermore, the number of current non-BIM users (10%) who had
previously used BIM but stopped was higher in Korea than in Western Europe (4%) and North America
(2%). In 2015, a survey on the level of BIM utilization by BIM construction organizations in Korea
revealed that BIM interests and BIM necessity were sufficiently sympathetic, but hesitant to use BIM
for actual work [5]. According to the research results of the BIM utilization level in 2019 [6], Korean
construction companies perceived the effect of BIM technology on average, and were positive about
whether it would be activated within 10 years, but the introduction plan in 10 years was still hesitant,
and utilization was low.

Despite the passage of time, the level of BIM utilization remained largely unchanged. As this is
attributable to the introduction of BIM at a stage when factors that hindered its use were left unresolved.
Although the implementation rate increased in the short term, there were limits to the achievement of
expected effects. As a result, it was often judged that the use of BIM could not be continued because of
low credibility. Thus, BIM adoption and use remains a central concern of BIM research and practices
in Korea.

Existing studies on BIM acceptance include studies comparing the relationship between BIM
acceptance and factors affecting BIM acceptance by countries, organizational culture, organizational
size, and organization sector (design, contractor, CMr, owner etc.) as well as studies for deriving
factors affecting BIM acceptance. However, studies on changes in users’ attitudes over time are lacking
because many studies have investigated users’ attitudes only at specific time points and using a
cross-sectional approach.

Therefore, this study tests the 2012 BIM acceptance model against the 2019 data and investigates
the changes in factors affecting BIM acceptance attitudes as well as mechanisms in the relationships
among factors over time spent using the technology. Longitudinal research has two primary objectives:
(1) to determine how a specific individual, group, or organizational variable changes over time and
(2) to understand and predict causality between specific variables, that is, to set the direction and
strength of the causal relations [7–10]. To achieve the objective, the structure of research was organized
as follows. Firstly, through the literature review, we presented the necessity of grasping the change
in attitude toward BIM acceptance by time change (Section 2). Secondly, data is collected using a
questionnaire which can measure BIM acceptance and the degree of readiness for the factors affecting
BIM acceptance, presented in the previous study [11]. The data used to test the research model were
obtained from a sample of experienced BIM users (contractors, architects, and engineers) in Korean
construction organizations (Section 3). Thirdly, the 2019 BIM acceptance model was validated through
empirical tests. Using AMOS 21.0, SEM was employed for hypothesis testing, and the research model
was validated by classifying a measurement model and a structural model according to the study by
Anderson and Gerbing [12] (Section 4). Fourthly, 2012 and 2019 BIM acceptance models were compared
using an independent sample t-test. SPSS 21.0 was used as an analysis tool for the independent sample
t-test. Penultimately, the SEM results of the 2019 and 2012 BIM acceptance models were compared
(Section 5). Finally, the theoretical and managerial implications and directions for future research are
discussed (Section 6).
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In this study, by examining changes in the BIM acceptance mechanism by time variables, it is
possible to support industry and government to establish policies tailored to the time of acceptance.
It is applicable to the establishment of a BIM activation strategy in other country, as well as construction
organizations with similar timing to Korean construction organizations.

2. Literature Review

The barriers to BIM utilization have been recognized as follows [4,13–16]. There are (1) lack of
confidence in BIM utilization because the effects of BIM utilization are not clearly verified, (2) the vague
burden of users on the use of new information technology, (3) lack of manpower to utilize BIM, (4) lack
of education and training for BIM utilization, as well as support for training programs, (5) lack of
awareness of the necessity of collaboration by construction project participants regarding modeling
or model utilization, or unclear definition of roles and responsibilities among construction project
participants for modeling or data input, and (6) lack of BIM model-linked process in the lifecycle stage,
and established legal system. As previously described, the barriers were mostly related to psychological
or organization-related factors of users, as well as environmental factors for BIM utilization, rather
than technological factors. In other words, these barriers are the factors that should be considered for
smooth technology utilization.

The following previous studies have been conducted on the psychological and environmental
factors of users on technology utilization. Meuter at al. [17] and Lin and Hsieh [18,19] have maintained
that technology development is beneficial to users while technology also increases frustration and
anxiety, and thus, acceptance of technologies differs, depending on knowledge of users, control over
technology, and the disposition of users to accept new technologies. Furthermore, Parasuraman [20]
emphasized the importance of user disposition in the acceptance of technology by revealing that the
positive attitudes and convictions of users regarding technology are related to users’ readiness for
using new technologies, and developing the technology readiness index (TRI) to assess the disposition
of people who intend to use technology. The utilization of BIM in the construction industry can have
many advantages in terms of information management through the use of BIM, while the introduction
of new technologies can induce both frustration and anxiety to users. In this regard, an organization
needs to be prepared.

In particular, the technology acceptance model (TAM) [21] has served as a basis for research
to address the behavioral intentions and usage of IT. Previous research favored investigating the
antecedent variables that could explain the core TAM variables and extending TAM to enhance the
ability to better understand the acceptance and usage of existing and new IT. The factors contributing
to the acceptance of IT are likely to vary with technology, target users, and context [22–26].

Previous studies on TAM-based BIM acceptance are as follows. Lee et al. [11] proposed a BIM
acceptance model by using SEM, and thereby verified that the acceptance on the organization level in
addition to the acceptance of individuals as BIM users, should be considered for complete acceptance of
BIM. Chung and Chin [5] derived factors affecting CMr’s acceptance of BIM and presented a direction
for establishing a strategy to utilize BIM from a CM perspective. Hong and Hammad [27] proposed a
BIM adoption model for Australia’s small and medium construction organizations (SMOs) in Australia
and compared and analyzed differences in the levels of understanding regarding BIM, as well as
attitudes between BIM and non-BIM users. Juan et al. [28] proposed a predictive model that can be
used by decision-makers considering an introduction of BIM as a model for evaluating BIM acceptance
and readiness of architects in Taiwan. Lee and Yu [29] compared South Korea’s BIM acceptance
model and the BIM acceptance model in the U.S. where the BIM was introduced earlier than South
Korea and actively utilized. The results have revealed that the U.S. had higher levels of acceptance,
utilization, and satisfaction than those in South Korea. The results further confirmed that the difference
between the BIM acceptance mechanism between South Korea and the U.S. arose from the differences
in the organizational culture between U.S. companies and South Korean ones. According to Lee [16],
an introduction of BIM inevitably induced organizational changes, such as improved work process.
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Although the organizational change is invisible in the organization, the organization will be influenced
by the commonly accepted organizational culture. In this regard, Lee verified the moderating effect
with respect to the effects of factors influencing BIM acceptance on BIM acceptance. However, studies
on changes in users’ attitudes over time are lacking because many studies have investigated users’
attitudes only at specific time points and using a cross-sectional approach.

However, the attitude of technology acceptance may change as the experience of using technology
increases. It is important to understand the determinants of this construct and how their influence
changes over time with increasing experience using a technology.

Venkatesh and Davis [30] measured at three points (pre implementation, one-month post
implementation, and three-month post implementation). As a result, the model was strongly supported
at all three points of measurement, and the hypothesis validation result showed a difference among
three points. Paul et al. [31] conducted a longitudinal study on examining technology acceptance by
schoolteachers. The model was longitudinally tested using responses from more than 130 teachers
attending an intensive 4-week training program on Microsoft PowerPoint. The main change in SEM
between pre- and post-training is “Subjective Norm”; this had a direct effect on the intention to use
before training, but there was only an indirect effect through usefulness after training. Elena et al. [32]
identified a distinction between individuals’ pre-adoption and post-adoption beliefs and attitudes
regarding the use of Windows. Potential adopter intention to adopt is solely determined by normative
pressures. Whereas pre-adoption attitude is based on perceptions of usefulness, ease-of-use, result
demonstrability, visibility, and trial-ability, post-adoption attitude is only based on usefulness and
perceptions of image enhancements. Lee [33] measured changes in attitudes toward the use of Internet
services used in classes for college students taking classes related to new media during one semester.
It was analyzed that social interaction caused a change in attitudes toward the use of technology by
members of a group.

The user’s attitude toward BIM is also expected to change over time as well. As the use cases
and markets increase, it is expected that the construction organization’s understanding of the BIM
benefits and the necessity of the BIM will increase, and thus support for the BIM utilization at the
construction organization level will increase. That is, as the scope of acceptance in an organization
changes over time, the changes of an individual’s belief in the technology and the changes of the
relationships between factors affecting these beliefs also are expected [34]. As such, it is necessary to
grasp the significant factors according to the time of acceptance, so it is possible to establish a support
strategy for effective and efficient BIM acceptance.

3. Research Model

We used a BIM acceptance model that was defined in our previous study [11]. The research model
is composed of nine latent constructs and 42 observed indicators which are assessment items of latent
constructs. The definitions of each construct are shown in Table 1. The hypotheses were established
based on the previously proposed research model (Figure 1).

- External variables (OC, TQ, BC and BC) will positively affect Internal variables (PEU and PU):
H1a, H1b, H2a, H2b, H3a, H3b, H4a, and H4b

- BC will positively affect intent to accept BIM (IIA and OIA): H4c, and H4d
- PEU will positively affect PU: H5a
- Internal variables (PEU and PU) will positively affect COA: H5b, and H6a
- Internal variables (PEU and PU) will positively affect intent to accept BIM (IIA and OIA): H5c,

H5d, H6b, H6c
- COA will positively affect intent to accept BIM (IIA and OIA): H7a, and H7b
- Individual intent to accept BIM will positively affect Organizational intent to accept BIM: H8
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Table 1. The definition of constructs in the BIM acceptance model.

Constructs Description

Organizational Competency (OC)
The openness to the introduction of new information technology such as

the organization’s BIM, and the degree of providing resources
(Hardware, Software), education, and incentives for the use of BIM.

Technology Quality (TQ) The suitability of BIM tools for personal work or collaboration and the
quality of information collected using BIM tools.

Personal Competency (PC) The openness to the introduction of new IT by individuals and the
willingness to apply BIM to work.

Behavior Control (BC) Organizational and national policies to motivate organizational
members to use BIM.

Perceived Ease of Use (PEU) The recognition that collaboration between organization members using
BIM is not difficult.

Perceived Usefulness (PU) The recognition that BIM utilization is useful to improve the individual
work capabilities of employees and collaboration productivity.

Consensus on Appropriation (COA) The consensus among members of the organization regarding the tasks
and methods of applying BIM determined by the organization.

Individual intention of BIM acceptance (IIA) The willingness to use BIM for work and the willingness to recommend
it to others.

Organizational intention of BIM acceptance (OIA)

Not only encouraging the use of BIM in the organization, but also the
willingness to recommend it to other organizations in a collaborative

relationship, and furthermore, the willingness to participate in the
development of BIM application technologies.
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We collected data from a sample of experienced BIM users to validate the 2019 BIM acceptance
model based on empirically tested and to compare the 2019 and 2012 BIM acceptance models.
The surveys were conducted between 22 March and 29 April 2019, and a total of 109 completed
responses were received. The sectors to which the survey respondents belonged were design (44, 40.4%),
CM (31, 28.4%), contractor (14, 13.8%), and engineer (19, 17.4%). The respondents had about 11.4 years
of experience in the construction industry and 3.4 years of experience using BIM. Each response was
measured on a 7-point Likert scale ranging from “strongly disagree” to “strongly agree”.

4. The Validation of 2019 BIM Acceptance Model

4.1. The Validation Results for the Measurement Model

Firstly, to assess the research model’s overall goodness of fit, the model-fit measures and their
respective acceptance level shown in Table 2 were used. The acceptance levels used were as suggested
by previous research [35–38]. As a result of comparing the acceptance level with the model-fit indices
of the proposed model (Table 2), most of the model-fit indicators were found to meet the acceptance
level. RMR, TLI, and CFI were lower than the acceptance level but were close to the acceptance level.
Therefore, it could be judged that the measurement model fit well with the collected data.
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Table 2. Fit indices for BIM Acceptance model 2019.

Model Fit Indices Recommended Value Measurement Model Structural Model

x2/df
(the ratio of X2 to degree of freedom) ≤3.0 2.001 2.047

RMR
(root mean square residual) ≤0.1 0.202 0.215

PGFI
(Parsimonious Goodness of Fit Index) ≥0.5 0.540 0.540

TLI
(Tucker-Lewis Index) ≥0.9 0.816 0.823

CFI
(Comparative Fit Index) ≥0.9 0.833 0.823

RMSEA
(Root Mean Square Error of Approximation) ≤0.1 0.096 0.098

Secondly, convergent validity is a concept to validate that there is a high correlation between
measurements if the same concept is measured, and can be confirmed by analyzing the relationship
between latent constructs and observed indicators, which are assessment items of latent constructs [11].
Convergent validity is evaluated by examining the factor loading, composite reliability (CR) of measures,
and average variance extracted (AVE) by measures from the results of the confirmatory factor analysis
(CFA). The recommended acceptance criteria suggested in previous studies should be factor loading of
0.5 or higher [36], CR value of 0.6 or higher [39], and AVE of 0.5 or higher [36]. The results of the CFA
are shown in Table 3. As a result, the AVE values of TQ and BC did not meet the criteria.

Table 3. Results of the confirmatory factor analysis (CFA).

Latent Constructs Observed Indicators Factor Loading t-Value CR AVE

OC

OC1 0.864 - 0.863 0.512
OC2 0.852 11.83
OC3 0.800 10.56
OC4 0.847 11.68
OC5 0.832 11.31
OC6 0.851 11.79

TQ

TQ1 0.752 - 0.858 0.480 *
TQ2 0.703 7.31
TQ3 0.716 7.46
TQ4 0.823 8.69
TQ5 0.753 7.89
TQ6 0.844 8.94
TQ7 0.602 6.18

PC

PC1 0.844 - 0.933 0.701
PC2 0.762 9.54
PC3 0.878 12.05
PC4 0.905 12.76
PC5 0.888 12.32
PC6 0.936 13.60

BC

BC1 0.893 - 0.699 * 0.310 *
BC2 0.690 8.52
BC3 0.940 14.10
BC4 0.573 6.57
BC5 0.572 6.56

PEU
PEU1 0.874 - 0.820 0.604
PEU2 0.921 14.10
PEU3 0.842 11.75

COA
COA1 0.940 - 0.900 0.818
COA2 0.963 18.71

PU

PU1 0.853 - 0.834 0.503
PU2 0.776 9.63
PU3 0.857 11.28
PU5 0.756 9.26
PU6 0.752 9.18

IIA
IIA1 0.917 - 0.892 0.734
IIA2 0.917 14.89
IIA3 0.832 12.19

OIA

OIA1 0.874 - 0.882 0.651
OIA2 0.922 14.41
OIA3 0.940 15.07
OIA4 0.904 13.80

-: t value for these parameters were not available because they were fixed for scaling purpose. *: Not satisfied with
the criteria.
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Thirdly, discriminant validity is a concept for validating that there is a low correlation between
measurements when measuring different concepts and can be confirmed by analyzing the relationships
between constructs. discriminant validity is evaluated by comparing the shared variances between
factors (r2) and the AVE from the individual factors. In addition, it can be interpreted that there
is discriminant validity when the AVE value is greater than the r2 value [40]. As a result of the
discriminant validity test of the measurement model (see Table 4), discriminant validity of OC-PEU,
OC-COA, OC-OIA, PEU-COA, and PEU-OIA were not satisfied.

Table 4. Results of discriminant validity test.

Constructs r2 AVE

OC

TQ 0.100

0.152

0.480
PC 0.269 0.701
BC 0.245 0.310

PEU 0.719 0.604
COA 0.654 0.503
PU 0.420 0.818
IIA 0.375 0.734
OIA 0.584 0.651

TQ

PC 0.070

0.480

0.701
BC 0.033 0.310

PEU 0.110 0.604
COA 0.077 0.503
PU 0.226 0.818
IIA 0.061 0.734
OIA 0.094 0.651

PC

BC 0.040

0.933

0.310
PEU 0.134 0.604
COA 0.203 0.503
PU 0.237 0.818
IIA 0.466 0.734
OIA 0.221 0.651

BC

PEU 0.312

0.699

0.604
COA 0.220 0.503
PU 0.229 0.818
IIA 0.181 0.734
OIA 0.227 0.651

PEU

COA 0.679

0.820

0.818
PU 0.500 0.503
IIA 0.229 0.734
OIA 0.567 0.651

PU
PU 0.408

0.900
0.818

IIA 0.441 0.734
OIA 0.367 0.651

COA
IIA 0.188

0.834
0.734

OIA 0.454 0.651

IIA OIA 0.425 0.892 0.651

Examining the convergent validity and discriminant validity, several factors did not satisfy
the criteria. However, the results of exploratory factor analysis (EFA) was significant and verified
by professionals. In addition, as a result of conducting multi-collinearity diagnosis between the
independent variables (see Table 5), it was confirmed that most of them met the acceptance level
(condition index ≤ 30, tolerance < 0.1, Various Inflation Factor (VIF) ≤ 10) [41]. Therefore, the proposed
measurement model could be considered to have convergent validity and discriminant validity.
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Table 5. Results of multi-collinearity diagnosis.

Variables Condition Index Tolerance VIF

OC 9.779 0.267 3.738
TQ 15.249 0.769 1.300
PC 16.605 0.519 1.925
BC 19.839 0.509 1.966

PEU 21.776 0.273 3.669
PU 24.616 0.403 2.482

COA 27.475 0.315 3.171
IIA 32.249 0.404 2.476

4.2. The Validation Results for the Structural Model

The structural model, like the measurement model, compared acceptance levels of model-fit
indices. As shown in Table 2, all fit indices satisfied or approached the acceptance level. These results
indicate that the proposed model is suitable. Figure 2 shows the standardized path coefficients,
their significance for the structural model, and the squared correlations (R2) for endogenous constructs.Appl. Sci. 2020, 10, x FOR PEER REVIEW 9 of 16 
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Table 1. a (γ = 0.810) and H4a (γ = 0.16) are supported. This implies that increased OC and BC is
associated with increased PEU. On the other hand, the influence of TQ and PC had a notable impact
on PU. thus, H2b (γ = 0.30) and H3b (γ = 0.294) is supported. That is, while organizational support
facilitates technology use, users perceive technology as useful only once technological outcomes
demonstrate good quality and users are psychologically ready to accept the technology. Furthermore,
the hypothesis H5a (β = 0.378), H5b (β = 0.816), and H5d (β = 0.641) are supported. This implies
that PEU appears to be a significant determinant of PU, COA, and OIA. PU had a significant effect on
the IIA; thus, the hypothesis H6a (β = 0.697) is supported. However, PEU only showed an indirect
influence on IIA through PU. Therefore, the PU in relation to BIM utilization for individual tasks
or cooperation capacity must be high to increase individual intent to accept BIM. To promote the
individual acceptance of BIM, individuals must perceive that their tasks and cooperative work can
be done without difficulty when using BIM. On the other hand, COA did not have an impact on IIA
and OIA. It can be seen that some agreement has been reached on the use of BIM as well as the use of
BIM. Finally, increased IIA was associated with increased OIA; therefore, the hypothesis H8 (β = 0.52)
is supported.
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H1a and H4a can explain about 79.2% of the variance in PEU. H2b, H3b, and H5a together can
explain about 68.2% of the variance in PU. H5b explains 71.5% of the variance in COA; H6b explains
about 44.8% of the variance in IIA; and H6c and H8 together explains about 69.6% of the variance in
OIA. the intention of individuals and organizations to accept BIM accounts for more than 50% of the
variance. From these results, it can be seen that in the BIM acceptance model for 2019, both personal
acceptance and organizational acceptance were significant.

Viewed from a broader perspective, BIM makes it possible to operate an integrated information
management system by syncing and sharing information for the entire lifetime of a project, thus helping
build a collaborative system in various fields and communication among companies. To utilize BIM to
a high degree, not only should individuals use the BIM tools at work, but members of the organization
should also share information via BIM. Thus, BIM acceptance requires internal changes, such as
embracing BIM utilization at the individual and organizational levels, and external changes such as
work environment or process improvements in the organization to enable BIM utilization. According to
various organization-related research studies utilizing proof-based analysis, such changes are affected
by organizational culture, especially in how the atmosphere is understood. The argument is that the
aspects promoting or suppressing changes within an organization are based on the organization’s
cultural characteristics. BIM acceptance requires organizational changes, and these changes will interact
with the latent organizational culture, which will then either promote or suppress BIM acceptance.

The total effects between the constructs are shown in Table 6.

Total effect = Direct Effect (DE) + Indirect Effect(InDE)

Table 6. The total effects between constructs.

PEU PU COA IIA OIA

OC 0.82
(DE: 0.82, InDE: 0)

0.37
(DE: 0.00, InDE: 0.37)

0.67
(DE: 0, InDE: 0.67)

0.22
(DE: 0, InDE: 0.22)

0.58
(DE: 0, InDE: 0.58)

TQ 0.07
(DE: 0.07, InDE: 0)

0.26
(DE: 0.23, InDE: 0.03)

0.08
(DE: 0, InDE: 0.08)

0.16
(DE: 0, InDE: 0.16)

0.08
(DE: 0, InDE: 0.08)

PC −0.08
(DE: −0.08, InDE: 0)

0.23
(DE: 0.27, InDE: −0.04)

−0.04
(DE: 0, InDE: −0.04)

0.15
(DE: 0, InDE: 0.15)

−0.02
(DE: 0, InDE: −0.02)

BC 0.16
(DE: 0.16, InDE: 0)

0.20
(DE: 0.13, InDE: 0.07)

0.14
(DE: 0, InDE: 0.14)

0.26
(DE: 0.13, InDE: 0.13)

0.18
(DE: −0.01, InDE: 0.19)

PEU - 0.46
(DE: 0.46, InDE: 0.00)

0.82
(DE: 0.77, InDE: 0.05)

0.27
(DE: 0.04, InDE: 0.23)

0.71
(DE: 0.58, InDE: 0.13)

PU - - 0.10
(DE: 0.10, InDE: 0)

0.64
(DE: 0.65, InDE: −0.01)

0.14
(DE: −0.13, InDE: 0.28)

COA - - - −0.09
(DE: −0.09, InDE: 0)

0.06
(DE: 0.09, InDE: −0.03)

IIA - - - - 0.42
(DE: 0.42, InDE: 0)

OIA - - - - -

5. Comparisons of BIM Acceptance between 2012 and 2019

Using an independent sample t-test, the differences in key factors affecting the acceptance of BIM
and intent to accept BIM between 2012 and 2019 were validated. The hypotheses were as follows:

- Key factors affecting the acceptance of BIM in 2019 are greater than those in 2012.
- Intent to accept BIM in 2019 was higher than that in 2012.

In testing the difference between key factors affecting the 2012 and 2019 intent to accept BIM,
and since the t-value resulted in a significant p-value that was less than the set alpha of 0.05 (p < 0.05,
which puts the obtained t in the tail), the null hypothesis was rejected in support of the alternate
hypothesis (Table 7).
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Table 7. T-test results of BIM Acceptance between 2012 and 2019.

Constructs
Levene’s Test for

Equality of Variances

t-test for Equality of Means

t
Mean Difference

(Std. Error
Difference)

95% Confidence Interval
of the Difference

F p Lower Upper

OC 0.173 0.678 2.960 ** 0.510
(0.172) 0.171 0.850

TQ 1.308 0.254 2.109 ** 0.285
(0.135) 0.019 0.552

PC 1.528 0.218 6.266 *** 0.895
(0.143) 0.613 1.176

BC 0.440 0.508 3.768 *** 0.604
(0.160) 0.288 0.920

PEU 10.121 0.002 3.796 *** 0.644
(0.170) 0.310 0.979

PU 2.009 0.158 5.243 *** 0.726
(0.138) 0.453 0.999

COA 14.005 0.000 4.611 *** 0.784
(0.170) 0.449 1.120

IIA 0.152 0.697 5.464 *** 0.864
(0.158) 0.552 1.175

OIA 0.303 0.583 4.686 *** 0.886
(0.189) 0.514 1.259

*** p < 0.001, ** p < 0.05.

A meaningful difference was observed in all hypotheses; the environment for using BIM,
the perceptions of users, and the level of support were higher in 2019 than 2012. Moreover, BIM users
showed higher individual and organizational intentions to use BIM in 2019 than in 2012. Using t-tests,
we also verified that the differences were significant. Consequently, the mechanism for achieving BIM
acceptance will differ over time.

The comparison results of the mechanisms implemented in 2012 versus 2019 are shown in Table 8.
The results of 2012 in Table 8 are the results of hypothesis validation for only Korean construction
organizations based on the 2012 BIM acceptance model in the previous study [29]. On the other hand,
the 2019 result is the hypothesis validation result of this study (Figure 2).

We confirmed that the key factors affecting the acceptance of BIM were significantly influential
factors in both 2012 and 2019. This means that the key factors affecting the acceptance of BIM may
be generalized. Furthermore, it was confirmed that the mechanism for achieving BIM acceptance in
2012 differed from the mechanism in 2019. The significant differences between 2012 and 2019 were
as follows.

First, OC and BC have the most significant and largest impact on PEU. This indicates that when
performing individual tasks or cooperative work, PEU of BIM is higher when the organization is
more flexible and active in accepting new technology. BC had no direct effect on the intent to accept
BIM; however, it did have an indirect influence through PEU. As such, mandatory use policies in an
organization have a positive effect on the intent to accept BIM only when users perceive BIM as a
useful tool to facilitate work performance once the use of BIM has reached a certain level. This is in
contrast with the initial stages of BIM use when mandatory use policies affect the intent to use BIM
because users are yet unaware of the ease of use or usefulness of BIM.

Secondly, top-level management support, a sub-factor indicating organizational competency
regarding the extent of the provision of hardware, software, and training, was a significant evaluation
factor in the 2012 model; however, it was not a significant factor in 2019. This may be a result of
construction companies’ improved awareness of BIM effects and usages as well as the establishment of
a physical environment for the use of BIM. In this organizational context of consensus about technology
acceptance and the establishment of necessary resources, the continued use of the technology hinges on
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the ease of use. For example, in the 2012 model, PEU was a significant factor affecting BIM acceptance
for both collaborative and individual work; however, in 2019, PEU was no longer a significant factor
affecting individual work. This may be a result of users having come to recognize BIM as a tool that
supports collaboration more than individual work. Meanwhile, usability had an indirect effect on BIM
acceptance through utility in 2020, while usability of BIM became an important factor in enhancing
BIM acceptance through a direct effect in 2019. Even the BC has an indirect effect on BIM acceptance
through usability. For this reason, any system for vitalizing BIM utilization should also be designed
to support the usability of the members in the construction organization to enhance the intention of
BIM acceptance on the organizational level, rather than the mandatory system of BIM utilization in
construction organizations. It is easier for users to adopt BIM when organizational policies, such as
mandatory use or incentivization, are in place. This reinforces the importance of an organizational,
rather than individual, push toward BIM adoption. However, Lee and Yu [29] showed that usability
has a greater effect than utility in the U.S. BIM acceptance model. If the environment where BIM can
be smoothly used is established on the national and organizational levels, enhance productivity of
individuals or in collaboration, rather than usability, would be more prioritized.

Table 8. Comparison between BIM acceptance Model (2012) and BIM acceptance Model (2019).

Hypotheses 2012 [29] 2019

Independent Variable Dependent Variable Path Coefficients R2 Path Coefficients R2

OC

PEU

0.414 *

36.3%

0.810 ***

79.2%
TQ 0.145 0.109
PC 0.096 −0.110
BC 0.115 0.160 *

OC PU 0.095 59.4% 0.059 68.2%
TQ 0.294 ** 0.300 **
PC 0.324 ** 0.294 **
BC −0.034 0.111

PEU 0.342 * 0.378 *

PEU
COA

0.472 ***
60.2%

0.816 ***
71.5%PU 0.396 ** 0.132

BC

IIA

0.059

61.6%

0.117

48.8%
PEU 0.112 −0.045
PU 0.793 *** 0.697 ***

COA −0.152 −0.071

BC

OIA

0.325 ***

68.6%

−0.006

69.6%
PEU −0.050 0.641 ***
PU −0.213 0.083

COA 0.480 *** 0.095
IIA 0.518 *** 0.520 ***

* < 0.05, ** < 0.01, *** < 0.001.

Thirdly, in the 2012 model, the results of the relationship hypothesis test on PU, PEU, and OIA
showed have an indirect relationship through COA. On the other hand, in the 2019 model, PEU had a
direct effect on both OIA, and as it did in the 2012 model, PU had an indirect effect on OIA through
IIA but not on COA. Also, neither IIA nor OIA was affected by COA. In other words, COA no longer
had a significant influence on the intent to accept BIM. This may be a result of a consensus having
been reached by construction companies regarding the application of BIM and the tasks for application
since 2012.

As the number of BIM application cases in business increased over time, so did the awareness
of managers in construction organizations and the construction industry regarding BIM-applicable
tasks and application methods. Furthermore, as positive awareness increased, the consensus on
BIM utilization methods in construction organizations has become insignificant in decision making.
Lee and Yu [29] can also confirm this finding from the result that the COA had no effect on BIM
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acceptance based on the verification of the BIM acceptance model in the U.S. where the BIM was
introduced earlier than South Korea, and actively utilized.

According to the technology acceptance cycle model (Innovator-Early Adaptor- Early Majority-
Late Majority-Laggards) [42], classifies technology acceptance stage and defines each characteristic of
stage, despite the dependency on the size of the construction organization, South Korean construction
organizations are considered to exhibit the characteristics of Late Majority or Early Majority, and the
proportion of Early Majority rather than Late Majority seems increasing in the construction organizations
compared to 2012. The characteristics of BIM consumption types defined by the acceptance stages of
new technologies and BIM vitalization strategies based on analysis of this research are summarized
as follows.

“Early Majority” is characterized by emphasizing economic aspects when introducing technology.
Therefore, in order to increase the willingness to introduce technology, it is necessary to continuously
recognize that the value obtained through the use of BIM is higher than the cost of introducing BIM
through verification of technology. In addition, it is necessary to create an environment that can
minimize the cost risks of companies through technology verification through pilot projects, support
of specialty supply, and improvement of various laws and institution that act as regulations.

“Late Majority” has the characteristic of accepting a new technology only when the new technology
becomes popular and the use of the existing technology is no longer difficult to be replaced with a new
technology. Therefore, it is necessary to raise awareness of technology through various educations and
to shift the awareness that technology will positively improve corporate productivity.

6. Conclusions

The degree of users’ beliefs about regarding BIM technology may change throughout their training
period; as users gain practical experience using the technology, irrespective of whether they accept the
technology, BIM requires specialized training over an extended period of time. User acceptance of BIM
technology may also change over time as the scope of acceptance in the organization changes because
organizational and individual intents to accept BIM have significant implications. Therefore, based on
the 2012 BIM acceptance model, we validated the mechanisms affecting of the relationships between
among factors affecting the intent to accept BIM in 2019, and investigated the changes between the
2012 and 2019 models. The findings of the study and their interpretations are summarized as follows.

Firstly, the intention of individuals and organizations to accept BIM accounts for more than 50%
of the variance. This means that the BIM acceptance assessment factors in the proposed model are
suitable for clarifying the level of BIM acceptance. Although the relationships among constructs
have changed, there are strong connections among the nine constructs supporting the hypothesized
relationships. External variables, such as openness to BIM’s introduction of organization and individual,
suitability of BIM tools, quality of information collected using BIM tools, and policies to motivate
BIM’s introduction, positively affect usefulness and easiness of BIM usage. They also have a positive
impact on individual intention of BIM acceptance and consensus within an organization regarding the
tasks and methods of applying BIM. However, consensus on appropriation no longer affects intention
of BIM acceptance. To achieve both individual and organizational intention of BIM acceptance, efforts
to improve usefulness and easiness of BIM using are required.

Secondly, we confirmed that the 2012 BIM acceptance model was still valid in 2019 and determined
the difference in factors affecting BIM acceptance by time differences. The significant differences
between 2012 and 2019 were as follows.

- The relationship between “behavior control” and “the intent to accept BIM acceptance”.
- The relationship between “perceived ease of use” and “the intent to accept BIM”.
- The relationship between “consensus on appropriation” and “the intent to accept BIM”.

Thirdly, the academic significance of this study is to investigate changes in time, and the practical
significance is to be able to support the establishment of a customized BIM acceptance strategy by
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identifying factors affecting meaningful BIM acceptance by acceptance period. The BIM Acceptance
Model can be used to evaluate the readiness of individuals and organizations to accept BIM and can
be used to develop effective and efficient BIM acceptance strategy for individuals or organizations
according to period of using BIM. In addition, the analysis results have shown that the mechanism
for BIM acceptance has changed as the awareness and recognition of BIM changes according to the
acceptance stages. Thus, the results would be applicable in establishing a BIM vitalization strategy in
other countries with similar BIM acceptance times in Korea.

Fourthly, the previous studies related to BIM acceptance conducted BIM acceptance model
proposals by participants, organization size, and organizational culture type and comparison of BIM
acceptance mechanisms between countries, and in this study, the BIM acceptance mechanism by
time variables was compared and analyzed. Therefore, future research will be required to categorize
characteristics types of the BIM-accepting organization by comprehensive and multifaceted analysis
on variables, such as country, organizational culture, time, organizational size, and organizational
sector etc., which affect the relationship between BIM acceptance affecting factors and BIM acceptance
and derive the BIM activation strategy for each type. As the customized BIM activation strategy can
be established, it is possible to improve not only BIM utilization, but also productivity improvement
through BIM utilization. Other future research topic should be as follows: improvement of the R2

values and the continual development of the research model by adding various factors; investigating the
hidden meanings of non-significant hypotheses and identifying sub-factors comprising the hypotheses
and relationships between the sub-factors; and converting non-adopters into adopters and perceptions
related to BIM between adopters and non-adopters.
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