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Abstract: As the need for digital transformation (DT) increased in order to improve productivity in
the construction industry, the market for building information modeling (BIM), the main technology
of DT, gradually expanded. Strategies for promoting BIM have been established and announced
in South Korea. Accordingly, the related regulations have been modified and there is continuous
investment in BIM. Despite these efforts, BIM adoption has not gone smoothly. This study aims to
empirically verify an acceptance model as of 2021 based on the BIM acceptance models proposed
by previous studies, and to propose implications by analyzing the significant relationship changes
in acceptance models by period. It found a change in the mechanism of accepting BIM over time
and derived implications about the causes of changes in connection with the comparative analysis
results and the status of BIM-related policy announcements. If promotion strategies are inspected
and adoption strategies suitable for each period are established through the regular verification of
the BIM acceptance mechanism, we expect that the effectiveness and efficiency of investments in
promoting BIM will improve.

Keywords: building information modeling (BIM); technology acceptance model (TAM); South Korea;
longitudinal study

1. Introduction
1.1. Research Background and Objective

Advanced nations show an interest in the use of building information modeling
(BIM) to improve productivity through the fusion of the latest technologies [1]. Building
information modeling (BIM) is the foundation of digital transformation in the architecture,
engineering, and construction (AEC) industry. BIM is the holistic process of creating and
managing information for a built asset. Based on an intelligent model and enabled by a
cloud platform, BIM integrates structured, multi-disciplinary data to produce a digital
representation of an asset across its lifecycle, from planning and design to construction
and operations [2]. It becomes the basis of digitization. In particular, the USA, UK, and
Singapore are striving to accelerate digital transformation through the mandatory use of
BIM as the key to smart construction technology. Owing to mandatory use in many nations,
the global BIM market is expected to grow 12.5% annually on average, to USD 10.7 billion
by 2026 from USD 6.6 billion in 2022 [3].

The construction industry in South Korea is also trying to achieve BIM-based digitized
and intelligent industry. As part of its efforts to promote BIM, South Korea has established
and announced several BIM roadmaps. The Sixth Construction Technology Promotion
Plan [4] aims to complete smart construction automation technology development by 2025
through pre-construction using BIM. The Roadmap to Smart Construction Technology [5]
contains the BIM designs which are mandatory in turnkey (2019) and public road projects
(2020) to create the conditions for BIM expansion and the step-by-step expansion of BIM in
public projects, and also contains the details of the revisions to standards such as guidelines
on design drawing preparation. The Roadmap to Construction BIM Promotion [6] presents
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the direction for BIM policies in construction areas and contains details about mandatory
BIM application in public buildings (2022-2030), the expansion of support for designs
in the private sector, the establishment and revision of guidelines by project owners,
and the preparation of guidelines on BIM model submission. Based on this, the Digital
Transformation Roadmap of Construction Industry based on BIM [1] was announced to
establish detailed BIM-related execution strategies throughout the construction area.

Despite these efforts, the degree of interest among the participating stakeholders such
as project owners, designers, and builders differed, something which did not make for
systematic and speedy progress on BIM promotion. The main obstacles to BIM promotion
are the lack of common standards in terms of BIM-related systems and standards, the
burden of initial costs, insufficient development to allow the use of BIM technologies due
to a lack of incentives, a shortage of experts who can fuse various technologies, and the
lack of a support system to strengthen the fundamental BIM industry.

The diffusion of innovation proposed by Everett Rogers [7] is a model that theoretically
explains how new technology or innovation is accepted and widely diffused in the market.
According to this model, new technology is propagated to innovators or early adopters
first and then spreads to many. Thus, because the characteristics of users differ depending
on the period of adoption, it is necessary to identify the influencing factors and set up an
appropriate strategy. In this regard, several longitudinal studies on technology acceptance
have been conducted [8-11]. The main purpose of a longitudinal study is to see how the
direction and strength of the causal relationship between specific variables change over
time. On the other hand, the understanding of the mechanism by which technology users
come to use technology is largely based on Davis’s technology acceptance model [12], and
the author’s previous research [13] suggested a BIM acceptance model based on TAM.
In addition, until recently, the issue of BIM acceptance has been studied by examining
different countries and project stages. According to Julfikar, A. et al. [14], although BIM is a
technology which is expected to have many effects such as cost reduction and productivity
improvement, only a very small number of architects in India are using it. In this study,
to understand the main factors that make India’s Architects adopt BIM, a research model
for India’s Architects was proposed and statistically verified based on the technology
acceptance model. According to Carlos, S. P. et al. [15], the application of BIM is expanding
in European and North American countries, but South American countries are still only
using it in the design stage and the maturity level is also low. Meanwhile, studies have been
conducted to statistically verify the BIM acceptance model in various countries including
Korea, China, Ghana, and the United Kingdom, but such studies are still insufficient in
South America. In this study, a research model was presented based on previous studies
of the BIM acceptance model proposed for each country, and the research model was
statistically verified with data collected from architects and engineers in Peru. Zhao, Y.
et al. [16] conducted a study to confirm whether there is a difference in the acceptance
mechanism of BIM according to Architecture/Engineering/Construction and to find out
what efforts are needed to improve BIM acceptance. A conceptual model based on TAM
and TOE (Technology Organization Environment) theory was proposed and statistically
verified based on the collected data. As a result, it was confirmed that the BIM acceptance
mechanism of A/E/C experts was different.

Through the preceding studies, differences were found in the acceptance mechanism
of BIM on the basis of country, specialized field within a given country, and the time of
introduction. BIM is not meant to be used efficiently by only one sector among Architec-
ture/Engineering /Construction; rather it is only when all the sectors participating in the
construction phase can use BIM smoothly that the expected effects of BIM are be obtained.
Therefore, research to understand technology acceptance should be conducted from various
perspectives, such as by period/sector. In addition, based on the results, it is necessary to
confirm what kind of effort is needed to increase the degree of acceptance and to update
the utilization strategy.
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Our previous study also compared the acceptance models of 2012 and 2019 [10]. In
South Korea, BIM acceptance is generally divided into adoption in 2012, preparation from
2013 to 2018, and diffusion from 2019 to 2022 [17]. The final empirical verification of the
acceptance model was conducted in 2019, which was not long ago, but since 2019 several
developments of BIM enforcement guidelines and establishments and revisions of related
standards have been announced. Thus, this study aims to conduct a comparative analysis
by verifying the acceptance mechanism after 2019. By checking the change in the BIM
acceptance mechanism by period and by reviewing the causes of the change through this
study, we expect our study results to be referenced to establish the promotion plans suitable
to the acceptance period by industries and governments.

1.2. Research Structure

The study structure to achieve the research objective is organized as follows. First, we
reviewed BIM promotion strategies announced in South Korea and performance using BIM
to determine the causes of the change in the acceptance mechanism by period (Chapter 3).
Second, we empirically verified the BIM acceptance model of 2021 using AMOS 28.0 based
on the models proposed in our previous study (Chapter 4). Third, we comparatively
analyzed the explanatory power of potential variables in the BIM acceptance models
which were verified in 2012, 2019, and 2021, and also analyzed whether there were causal
relationships and the strength of these causal relationships. Based on the analysis results of
BIM promotion strategies announced in Korea and performance using BIM (which were
reviewed in Chapter 3), we studied the causes of the difference and presented implications
accordingly (Chapter 5).

2. Materials and Methods

To measure the performance of BIM and verify the BIM acceptance model of 2021, we
surveyed working staff who had experience using BIM. The survey was conducted from
March to April 26 in 2021, and 101 respondents answered. The survey respondents had
expertise in design (34.7%) and construction (65.3%). Their average number of years in
the construction industry was around 9.5 years, and the number of years of BIM use was
around 3.5 years (Table 1). The response was measured with a seven-point Likert scale
from “strongly disagreed” to “strongly agreed”.

Table 1. Profile of the Respondents.

Division Frequency Ratio
Design 35 34.7%
Organizational Type -
Construction 66 65.3%
Average work experience related to construction 9.5 years
Average BIM-related work experience 3.5 years

The collected data was statistically verified for the 2021 BIM acceptance model by
conducting a structural equation model analysis using AMOS 28.0.

3. The Current Status of BIM Use in Korea

In our previous study [18], the importance and performance of the benefits at the
design and construction phases were measured through literature reviews, and then the per-
formance of BIM use in South Korea was analyzed through interpretative phenomenological
analysis. The analysis results showed that all items in both the design and construction
phases belonged to Q2, where the importance and achievement were both above average,
and Q3, where the importance and achievement were both below average. The items with
high importance are also items with high performance due to the long-term investment
in BIM promotion based on step-by-step goal establishment and detailed implementation



Buildings 2023, 13, 1450

4 of 14

plans to achieve the goals. More specifically, in terms of phase, in the design phase, “design
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quality improvement”, “interference check efficiency improvement”, “collaboration effi-
ciency improvement”, “smooth communication about design intention”, and “information
sharing efficiency” belonged to the Q2 quadrant. In the construction phase, “the reduction
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in re-work request”, “improvement of effectiveness in construction plans and constructabil-
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ity reviews”, “improvement of effectiveness in space plan of construction sites”, “reduction
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in the preparation of shop drawings and enhancement of efficiency”, “improvement in the
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effectiveness of collaboration with business partners”, “maintaining smooth work relation-
ships with project owner”, “improvement of cost/project cost management effectiveness”,
“enhancement of effectiveness in schedule and process management”, and “improvement
of effectiveness in installation work” belonged to the Q2 quadrant. Through this, we
found that BIM in South Korea has been used to improve design quality and collaboration
efficiency in the design phase. BIM information has been used primarily in reviewing
construction plans and constructability up until now, as BIM has been viewed as a tool for
information sharing and collaboration. Still, the use of BIM for construction management
is now gradually expanding to cover cost and process management as well.

We also reviewed the roadmaps relating to BIM which have been announced since
2010, so we could be aware of what investments in BIM promotion in South Korea were
made for which purposes during each period.

The Public Procurement Service announced the “Roadmap to Expand the Application
of Three-dimensional (3D) Construction Technique” [19] to spread the BIM application
in the public facility sector in April 2010. In this 2010 BIM expansion roadmap, the BIM
implementation plan in South Korea was divided into short-term, mid-term, and long-term
plans, as presented in Table 2.

Table 2. Implementation plan to activate BIM.

Div. Short-Term Mid-Term Long-Term
Improvement of design quality Budget saving through the Work innovation by expanding the
Goal through the expansion of BIM construction of a cost management  BIM application to entire facility
application system based on 3D design projects
Projects that are ordered with Projects that are ordered with
turnkey or public design turnkey or public design
competition whose total project cost ~competition whose total project cost . .
Target is more than KRW 50 billion out of  is more than KRW 5 billion out of All construction projects
construction projects requiring total ~ construction projects requiring total
services services
- Facilitating BIM project or'ders - Building exclusive teams that - Using BIM in project
through proactive marketing . management work
b AP can manage BIM projects. . - .
Developing yearly guidelines . : - Using BIM in project contract
Method . - Developing a project
for BIM project orders manasement svstem using 3D work
- Providing incentives when & Y & - Using BIM in total project cost
. model data .
applying BIM review work

Since then, the “Fifth Construction Technology Promotion Plan (Dec. 2012)” [20] and
the “Sixth Construction Technology Promotion Plan (Dec. 2017)” [4] have provided a
basis for applying state-of-the-art industrial technologies to the construction industry by
strengthening the competitiveness of the latest construction technologies, including BIM,
and improving the systems as a measure to solve problems in the construction industry.
Based on this, the “Roadmap to Construction BIM Promotion (Dec. 2020)” [6] and the
“Digital Transformation Roadmap of Construction Industry based on BIM (Jun. 2021)” [1]
were announced for BIM promotion. In these roadmaps, promotion tasks in “system
improvement”, “technological development”, “human resource fostering”, and “industrial
promotion” were included with the goals of developing a BIM design basis by 2025,
with complete implementation of digital construction services by 2030. In addition, the
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“Roadmap to Smart Construction Technology (Oct. 2018)” [5] and the “Measure to Promote
Smart Construction (Jul. 2022)” [21] were announced to promote smart construction
technologies. They contain measures to promote BIM as a technology for the digitization
of the construction industry. Table 3 presents the comparative analysis of implementation
tasks for creating and promoting BIM expansion circumstances in each roadmap.

Table 3. Comparative analysis of BIM-related roadmaps.

Division [5] [22] [6] [11 [21]
Expansion of
mandatory BIM
Mandatory Mandatory %}))(pgrc;it;%no £ BIM
enforcement  BIM use b Full adoption of BIM Mandatory BIM
design support
(private sector)
projects
Basic guidelines Eiigltliso}::ng
for BIM designs Restructuring of guidelines
Providing th Providing the BIM standards and Revision of BIM Establishing the
bZZis to%lsee pricing standards systems BIM guidelines and legal status of BIM
Establishment of onstructing standards (construction
a justification for standard standards and
the National BIM environment pricing standards,
Center etc.)
Technological Developing a
development of collaboration system
BIM design among participating
automation actors and design
Development and Technological automation
supply of development of Building the o
Technological localized BIM BIM-based digitization basis for Digitization of
development programs and construction BIM-based c?nséruatlon
related software automatiop support production, assembly, standards
Technological and construction
development of Developing a big
BIM-based data-based
intelligent maintenance and asset
maintenance management system
1
grsczt}i]oar?gf Development, supply, Promoting
education and management of a BIM-specialized
curriculum standard curriculum human resources in
Building a for BIM education the design field
Human Hosting management Building a human Promoting
resource competition system for resource management BIM-specialized
promotion events performance system specialized in human resources in
Competence BIM. . . fields other than
. Consulting provided desien
Building a support P ) £ th gn
system for human (;i)ir?tpogv}fees ot the Promoting youth
resource networks Proj human resources
Developing a
feedback system
Establishing and through the . ) )
operating an performance Merit points given
integrated national evaluation of BIM when bidding.
BH\I:!tn’f.magement projects Squort of overseas
institution s entr
¢ Building governance Y
. Open-type 8 & .
Industrial lp f e - Evaluating BIM and to facilitate digital Strengthening
promotion plat S providing a transformation. collaboration
plementation measure to manage Developing and among participating
successful cases. diffusine localized actors
New industry Hiusing locafize Operation of the
creation and BIM software rofessional
o Development and protessior
expansion into supply of BIM-based qualification system

digital industries

metaverse services for
citizens

4. BIM Acceptance Model in 2021
4.1. Research Model

In this study, the BIM acceptance models of 2012, 2019, and 2021 were compared based
on the BIM acceptance model [13] proposed by the authors. The research model consisted
of nine latent constructs and 44 observed indicators, which were evaluation items in the
latent constructs (see, Figure 1). Each construct is defined in Table 4.
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H1: Organizational Competency will positively affect perceived usefulness (Hla) and
perceived ease of use (H1b)

H2: Technology quality will positively affect perceived usefulness (H2a) and perceived
ease of use (H2b)

H3: Personal Competency will positively affect perceived usefulness (H3a) and per-
ceived ease of use (H3b)

H4: Behavior Control will positively affect perceived usefulness (H4a), perceived ease
of use (H4b), individual intention to accept BIM (H4c), and organizational intention to
accept BIM (H4d)

Hb5: Perceived ease of use will positively affect perceived usefulness (H5a), consensus
on appropriation (H5b), individual intention to accept BIM (H5c), organizational
intention to accept BIM (H5d)

H6: Perceived usefulness will positively affect consensus on appropriation (H6a),
individual intention to accept BIM (H6b), and organizational intention to accept BIM
(Héc)

H7: Consensus on appropriation will positively affect organizational intention to
accept BIM (H7a), and individual intention to accept BIM (H7b)

HS8: Individual intention to accept BIM will positively affect organizational intention
to accept BIM.

ocC
TQ
PC JIEY
*
HS
Figure 1. Research Model.
Table 4. Definition of constructs.
Constructs Definition
OC (9) Efficacy in the organization’s use of BIM and the level to which organizations are willing to adopt BIM uses
TQ (7) Quality of BIM tools and information quality obtained from BIM
PC (6) Confidence of BIM users in BIM use and level to which BIM users are willing to adopt BIM uses
BC (5) Level of resources supported to use BIM in an organization and pressure to use BIM from other organizations
PEU (3) Ease of BIM use for individual work and collaboration
PU (5) Usefulness of BIM use for individual work and collaboration
COA (2) Level of consensus of organization members on BIM applied target work and how to apply, which the organization sets
IIA (3) Individual’s willingness to use BIM tools and information contained in BIM to execute his/her work
OIA (4) Organizational willingness to build a collaboration system by using BIM

Numbers in parentheses after constructs indicate the number of items constituting constructs.



Buildings 2023, 13, 1450

7 of 14

oC

TQ

PC

—0.032
PEU ooss COA
Y (R%: 0.436) o (R?:0.632)

0.243+

BC

4.2. Result of Hypothesis Testing

To determine the fitness of the model, the ratio of X? to the degree of freedom (df),
the root-mean-square residual (RMR), the parsimonious goodness of fit index (PGFI), the
Tucker-Lewis index (TLI), the comparative fit index (CFI) and the root-mean-square error
of approximation (RMSEA) [23] were used. For the acceptance level of the determination
index, the criteria suggested by previous studies were referred to. The comparison results
of model fitness and the acceptance level of the proposed model showed that df 1.9 (<3.0),
PGFI 0.53 (>0.5) and RMSEA 0.091 (<0.1) satisfied the acceptable level, whereas RMR 0.186
(<0.1), TL10.749 (>0.9) and CFI 0.768 (>0.9) did not satisfy the acceptable level but were
close to the acceptable level. That is, the hypothesis can be tested based on the structural
model. The hypothesis testing results are shown in Figure 2.

0.237+

0.231++ 0.167+

0,938+«
0.168

A
(R%:0.522)

PU 0.352+
(R2: 0.611)

-0.299

0.166 0.310-

—-0.075

0.001

OIA

0228 (R?: 0.529)

Figure 2. BIM Acceptance Model 2021, + < 0.1, * < 0.05, ** < 0.01, *** < 0.001.

The testing results of the hypotheses contain the standardized path coefficients that
refer to the strength of the relationship between independent and dependent variables
and the squared multiple correlations (R?) for an endogenous construct that refer to the
percentage of variation in the dependent variable explained by variation in the independent
variables. Hla, H2a, and H3a out of the hypotheses in relation to perceived ease of use
(PEU) were statistically significant (y = 0.237, vy = 0.330, and y = 0.464, respectively). This
means that when the level of psychological readiness to use BIM in organizations and
individuals and the information quality that can be obtained from BIM tools and BIM are
high, it can positively impact PEU. Hla, H2a, and H3a can explain around 43.6% of the
variance of PEU.

In the perceived usefulness (PU)-related hypotheses, H2b, H3b, and H5a were statisti-
cally significant (y = 0.434, y = 0.243, and 3 = 0.231, respectively). That is, as the information
quality that can be obtained from BIM tools and BIM and individual competence rose, PU
increased further. H2b, H3b, and Hb5a can explain around 61.1% of the PU variance. In
the consensus on appropriation (COA)-related hypothesis, H6a was statistically significant
(f =0.938). That is, as the awareness of usefulness rose, the level of consensus on the BIM
application increased. H6a explained 63.2% of the COA variance.

In the individual intention of acceptance (IIA)-related hypotheses, H5c, H6b, and
H7a were statistically significant (3 = 0.167, 3 = 0.352, and 3 = 0.272, respectively). This
means that the more the use of BIM was recognized as easy and useful, and the higher the
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consensus on BIM application, the higher the individual’s willingness to accept BIM. Hb5c,
Heéb, and H7a explained 52.2% of IIA. In the organizational intention of acceptance (OIA)-
related hypotheses, H4d, H7b, and H8 were statistically significant (3 = 0.228, 3 = 0.310,
and (3 = 0.555, respectively). This means that as the intention to accept BIM increased
among individual members in the organization, there was a consensus on the use of BIM.
The more outside organizations enforced the use of BIM, the more the acceptance level of
BIM increased in the organization. H4d, H7b, and H8 explained 52.9% of OIA. The results
found that both PEU and PU had indirect impacts through COA or IIA. COA influenced
both IIA and OIA, which meant that the level of consensus on using BIM was an important
factor in both individuals and organizations.

5. Comparative Analysis of the BIM Acceptance Model

The comparison results of the path coefficients and R? values between the BIM accep-
tance model verified in our previous studies [10,13] and the 2021 BIM acceptance model
verified in the present study are presented in Table 5.

Table 5. Comparison between BIM acceptance models.

Hypotheses 2012 [13] 2019 [10] 2021
Independent Dependent Path R2 Path R2 Path R2
Variable Variable Coefficients Coefficients Coefficients
oC PEU 0.414 * 0.810 *** 0.237 +
TQ PEU 0.145 0.109 0.33*
PC PEU 0.096 203% ~0.110 o2 0.464 ** e
BC PEU 0.115 0.160 * 0.166
ocC PU 0.095 0.059 —0.032
TQ PU 0.294 ** 0.300 ** 0.434 ***
PC PU 0.324 ** 59.4% 0.294 ** 68.2% 0.243 * 61.1%
BC PU —0.034 0.111 —0.075
PEU PU 0.342 * 0.378 * 0.231 **
PEU COA 0.472 *** 0.816 *** —0.053
PU COA 0.396 ** 60.2% 0.132 71.5% 0.938 ** 63.2%
BC ITA 0.059 0.117 0.001
PEU A 0.112 —0.045 0.167 +
61.6% _— 48.8% S — 52.2%
PU A 0.793 *** 0.697 *** 0.352 +
COA ITA —0.152 —-0.071 0.272 +
BC OIA 0.325 *** —0.006 0.228 *
PEU OIA —0.050 0.641 *** 0.168
PU OIA —0.213 68.6% 0.083 69.6% —0.299 52.9%
COA OIA 0.480 *** 0.095 0.301 +
IIA OIA 0.518 *** 0.520 *** 0.555 ***

+>0.1,*<0.05, * <0.01, ** < 0.001.

Finding 1: Significant causal relationship in common in 2012, 2019, and 2021 accep-
tance models (Figure 3).
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ocC > PEU
TQ L
Y
PC L PU > JIEN *—> OIA

Figure 3. Significant relationships in all 2012, 2019, and 2021 BIM acceptance models.

First, IIA is an important factor in encouraging organizational members to use BIM
and to be proactive in the project progress using BIM, and is also important in reaching the
“organizational acceptance stage” where organizational members participate in the devel-
opment of applied BIM technology. IIA means the willingness of individuals constituting
the organization to apply BIM to their work and the willingness to be trained for BIM
application. The reason for the emergence and emphasis on the importance of fostering
acceptance in human resources in local BIM-related roadmaps was that acceptance by the
organization, which is the ultimate goal of BIM acceptance, can be only achieved when
individuals accept BIM.

Second, to raise the level of individual acceptance, individuals need to recognize
that BIM is useful technology. In South Korea, a plan to develop a feedback system was
announced through the BIM project performance evaluation in the “Roadmap to BIM-based
Digital Transformation in the Construction Industry (2021)” [1]. Verifying and advertising
BIM'’s usefulness is expected to raise the individual architecture engineer’s acceptance level
of BIM through the provision of the performance evaluation system.

Third, technology quality (TQ), personal competence (PC), and organization compe-
tence (OC) are important external variables for the acceptance of BIM in the construction
industry. The reason for including “technology development”, “human resource fostering”,
and “providing the basis to use” in the BIM-related roadmaps, which were announced
in South Korea as described in Chapter 3, was that these factors were important for tech-
nology adoption. In addition, improvement of technology quality (TQ) and improvement
of technicians’ willingness and capacity to utilize BIM (BC) directly affect the usefulness
of BIM utilization. In contrast, willingness to use BIM within the organization and the
degree of resource investment (OC) have an indirect impact through the ease of BIM use.
This result means that BIM can be recognized as useful when it is recognized that it is
easy to use BIM as the foundation for the use of BIM is prepared with the investment of
the organization.

Finding 2: Significant causal relationships are found for the first time in the 2021
acceptance model (Figure 4).

TQ s

PEU e

COoA e

Figure 4. Significant relationships only in the 2021 BIM acceptance model.

First, the PEU of BIM was analyzed as the factor that directly impacted IIA. As the
scope of mandatory BIM application gradually expands, it becomes inevitable to use BIM,
and 'PEU’ is acting as an important factor.
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Second, TQ and PC were analyzed as the factors that significantly impacted PU
and PEU. The results of the analysis of BIM-related policies in South Korea described in
Chapter 3 revealed that measures to make BIM-applied projects easy to carry out were
included in the roadmaps and development plans announced after 2019. These measures
included the installation of the national BIM center (Apr. 2020), the establishment of
standards and systems to provide the basis of BIM use (Dec. 2020), the development of
basic BIM guidelines (Dec. 2020), the provision of pricing standards (Sep. 2020), and license
and permit digitization (Dec. 2020).

Third, COA was analyzed as the factor that significantly impacted IIA. The only factor
that affected IIA was PU. However, as works and projects subject to BIM application have
expanded since 2020, PEU and COA were added as the factors that directly impacted IIA.
In particular, COA in the 2012 acceptance model was a factor that directly impacted OIA,
and its influence was significant. In contrast, COA in the 2021 acceptance model became a
factor that significantly impacted IIA, so its indirect impact on OIA through IIA increased
more than its direct impact on OIA. In addition, COA in the 2019 acceptance model did
not influence IIA or OIA. Thus, COA was important at the early adoption time, but the
consensus on BIM use was achieved to some extent over time, which was why COA was
not a significant factor anymore. However, it was derived as the significant factor in the
2021 acceptance model because new policies were proposed or detailed standards were
announced after 2019, thereby requiring a great deal of consensus in the organization.

Finding 3: Changes in the awareness of PU and PEU over time.

First, until 2012, BIM was being introduced in earnest, but the basis of the technology
use was not put in place until then. Thus, external variables impacted the awareness of
usefulness more than the ease of technology use by users. Since then, promotion measures
have been announced over time, and detailed efforts have been made for each organization.
Thus, external variables had increased positive impacts on the ease of use for users. Then,
after the BIM promotion roadmaps were first announced in 2010, detailed policies were
newly proposed by area in the 2020 Roadmap to Construction BIM Promotion, which
impacted users” awareness of PU.

Second, PEU and PU in the 2012 acceptance model significantly impacted the consen-
sus on BIM-applied work and how to apply it. In contrast, the level of ease significantly
impacted the 2019 acceptance model, and the level of usefulness significantly impacted
the 2021 acceptance model. This meant that early technology adoption targeted relatively
easy tasks and scope at the early adoption, but the target and scope were expanded to
those where the most effect could be seen when the technology was adopted over time.
In the BIM performance analysis [18] conducted by the authors, tasks that were relatively
easy to apply, such as “improvement of interference check efficiency”, “smooth commu-
nication about design intention”, and “improvement of quantity calculation efficiency”,
had a high level of importance and performance. However, the roadmaps announced in
recent years are gradually expanding the use of information on BIM in various construction
management areas.

Finding 4: Changes in the relationship between mandatory BIM and BIM acceptance
over time (Figure 5).

BC > JIEN BC *> PEU "> OIA BC > OIA
OIA
[2012 BIM Acceptance Model] [2019 BIM Acceptance Model] [2021 BIM Acceptance Model]

Figure 5. Changes in the relationship between behavior control and intention to accept.
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In the 2012 acceptance model, the behavior control (BC) factor was a significant
variable for both IIA and OIA. This meant the mandatory systems that enforced the use of
BIM at the early adoption time were effective. The mandatory application of BIM in public
projects was announced in local policies.

Next, the analysis results showed that in the 2019 acceptance model the BC factor did
not affect IIA, but it indirectly impacted OIA through PEU. This meant that an organiza-
tion’s acceptance could only be achieved when an environment for easy BIM application
was provided institutionally through mandatory enforcement, as opposed to through the
adoption effect by mandatory enforcement after BIM had been adopted to some extent. It
is important to encourage IIA through an awareness that BIM is useful by creating a conve-
nient environment instead of by unconditional enforcement, even within the organization.

Finally, in the 2021 acceptance model, the BC factor did not affect IIA, whereas it
directly impacted OIA. This was due to the expansion of mandatory scopes, such as the
full use of BIM and expansion of BIM to the private sector since 2020, thereby having
a direct impact on OIA. On the other hand, IIA, which has the greatest impact on OIA,
was influenced by various factors such as PEU, PU, and COA rather than BC. Thus, it
is necessary to provide detailed adoption policies that can create an environment and
atmosphere which is conducive for individuals to use BIM.

6. Conclusions

The market for BIM, which is the main technology of DT for the improvement of
productivity in the construction industry, has gradually expanded. Strategies for promoting
BIM have been continuously established and announced in Korea. Accordingly, the related
regulations have been modified and there is continuous investment in BIM. Despite these
ongoing efforts, interest among the participating stakeholders, such as project owners,
designers, and builders, differed, something which did not lead to systematic and speedy
progress on BIM promotion. Everett Rogers [7] claimed that the acceptance pattern for
new technology or innovation varied over time. Longitudinal studies on technology
acceptance have been conducted. Thus, the present study empirically verified the 2021
acceptance model based on the BIM acceptance model proposed by our previous studies
and comparatively analyzed acceptance models by the periods that represent the adoption
(2012), preparation (2019), and diffusion (2021) periods, respectively.

The implications derived from the comparative analysis results of acceptance models
by period are discussed below.

e Importance of technology development, fostering human resources, and providing
a basis for use. TQ, PC, and OC, which were the external variables of the BIM
acceptance models proposed in this study, were analyzed as the significant variables
in all periods. Thus, strategies to promote BIM must include strategies related to
technology development (TQ), human resource fostering (PC), and to providing the
basis to use (OC).

e Need to establish performance evaluation systems and to foster strategy by individual
attributes: To reach the organizational acceptance stage, which is the ultimate goal of
BIM technology acceptance, the will to apply BIM to their work or to learn BIM for
application is an important factor for individuals in the organization. Furthermore, to
raise individual willingness to accept BIM, individuals need to recognize that BIM is a
useful technology. Thus, when establishing a human resources development strategy
for vitalizing BIM, it is necessary to define the attributes such as the organization
to which an individual belongs and the task in charge, and to design an education
program suitable for the definition. In addition, in order to recognize the usefulness of
the technology, in the early stage of introduction, the effectiveness of BIM utilization
was persuaded through BIM utilization cases in developed countries. However, as
the application cases of BIM have increased in South Korea, it is necessary to verify
the effects of BIM through the provision of a performance evaluation system and to
expand the use scope based on the verification results.
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Need to provide an environment which allows for easy use of BIM. At early adoption
time, mandatory enforcement was effective in making organizations and individuals
use the technology. However, over time individual acceptance was impacted by
various factors such as PEU, PU, and COA rather than by mandatory enforcement,
and there was only an indirect impact on organizational acceptance through PEU.
Furthermore, PU of BIM was a more important factor at the early adoption time, but
the importance of PEU of BIM gradually increased over time. For this reason, it is
important to create an environment where use of BIM is easy so that adoption can
continue. Thus, it is necessary to create an environment which makes BIM use easy, for
instance by providing a basis for use including the provision of standards, promoting
the development of technology that can raise work efficiency, and establishing a
differentiated human resource fostering plan for each sectors.

Relationship between organizational consensus and acceptance. Organizational con-
sensus played an important role in acceptance when technology was first adopted or
new standards and policies were announced. Thus, it is necessary to have a decision-
making tool by which organizational members can agree during decision-making on
BIM adoption, selection of application target and scope, and investment. Moreover,
indirect impacts through individual acceptance became more important over time,
although organizational consensus directly impacted organizational acceptance at
first. In this regard, a bottom-up approach rather than a top-down approach was
more effective in policies to adopt BIM at times, such as today, of expanded awareness
of the effects of BIM use. Thus, it is necessary to configure an organizational body
where various BIM-related experts from industry, academia, and research institutions
gather to collect opinions on how to promote BIM, and where policies and systems
are developed.

Relationship between organizational consensus and PU/PEU. At the time of early
adoption, it is necessary to stress that the technology is useful. However, for the
selection of application targets, it is easy to obtain an organizational consensus by
selecting easy-to-apply targets from the beginning. Thus, at early adoption time, easily
applied targets are accepted and then adoption is gradually expanded to useful fields.

Expected effects and future research of this study are as follows.

Expected effects. This study contributes to the comparative analysis of empirical
verification results of the BIM acceptance model at the main period and the verifica-
tion of changes in the BIM acceptance mechanism, thereby confirming the need for
longitudinal studies. In addition, this study contributes to deriving implications of the
cause of changes in connection with the comparative analysis results for acceptance
models and the current status of local BIM-related policy announcements, and BIM
performance measurement results for construction and works phases. The study also
derives the direction of the strategy established to promote BIM accordingly. Thus, if
the promotion strategies are inspected and suitable adoption strategies for each period
are established accordingly through the regular verification of the BIM acceptance
mechanism, we expect the effectiveness and efficiency of investments for promoting
BIM will be improved.

Limitation and Future study. In this study, the suitability of the direction of BIM
policies was indirectly found out through the difference in BIM acceptance models.
However, it is necessary to present an evaluation model that can quantitatively di-
agnose the suitability of the current policy direction in the future. In addition, the
premise of presenting a BIM acceptance model is based on the fact that when organi-
zations and individuals adopt BIM instead of simply using BIM tools, work efficiency
and effectiveness are likely to increase. Thus, a study on determining the importance
of BIM uses by systematic adoption strategies by empirically verifying the influence
relationship between BIM performance evaluation results and BIM acceptance level.
Moreover, this study presented the difference in BIM acceptance models over time
through the empirical verification results of the BIM acceptance model by period.
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However, for future studies, it is necessary to achieve empirical verification by de-
riving the determination factors that can bring about the change in the acceptance
mechanism by adoption period. Finally, the current research model evaluates BIM
usage capabilities from the viewpoints of industrial enterprises and engineers who
have already entered the industry. In future research, we will expand the subject of
evaluation by conducting research that can analyze the university education system
from the perspective of future engineers.
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