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Abstract: AbstractsThe authors provide a holistic perspective to enhance BIM working environment
for more efficient smart construction settlements. An in-depth survey with 40 questionnaires was
distributed to 100 professionals in construction, design, engineering, government. Although 45% of
the respondents have received a certain form of BIM education, more than 94% of the respondents
have answered that there should be a formal BIM education. Both design and construction experts
have reported that the biggest advantage of using BIM is in its error checking ability. It can reduce
design errors and increase construction ability. More than 79% of the respondents agreed upon a
proper compensation for BIM implementation. The majority of opinions have revealed that there
should be an increase in construction and design fees. There are a number issues for a successful
BIM application: (1) guidelines and details for BIM work and delivery; (2) more standardized
BIM education; and (3) a proper compensation system for BIM work. The results show that BIM
professionals are ready to adopt the consequences of using BIM, but administrative and institutional
preparations are not available beforehand. There should be a higher level of regulatory concern and
provision of administrative solutions for successful BIM applications.

Keywords: Building Information Modeling (BIM); smart construction; survey analysis; BIM environ-
ments; rail BIM

1. Introduction

Recent technological improvements have made rapid changes in construction industry.
This is especially true in database management and data sciences. In specific, technical
applications, such as Building Information Modeling (BIM) or Geographic Information
Systems (GIS), opened up many possibilities for construction management. As many have
noted, BIM provides nD Computer-Aided Drawing (CAD) services that are traditionally
not available in many cases [1–3]. It means BIM is an effective tool to manage construction
process in a timely manner, and its information-oriented interface is a powerful tool for
every step in construction [4–6]. With its 3-dimensional ability along with versatility to
control a vast amount of associated data, BIM is regarded as a key ingredient in future
construction industry.

Active utilization of data management in construction industry received more attention
than before because of the new technological approach, known as “smart construction”. Smart
construction became a new phenomenon in many countries, especially in Japan, South Korea,
and the United Kingdom [7,8]. Because it is a relatively new term, smart construction has a
range of definitions. In brief, it can be divided into two segments. First, smart construction
enables construction process in a more automated manner. By using Internet-of-Things
(IoT) and other sensing devices, construction equipment can operate automatically, without
demanding human involvements [9,10]. This process can greatly reduce human errors and
enhance work environment more safely. The other root of smart construction is founded on
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data management and utilization. Because new applications, such as BIM, GIS, and others are
available for data management and creation; planning, designing, construction, and operation
can be done in a more 3D-friendly way [8,11,12]. By reducing the use of 2D works, users can
enjoy less errors and eventually could provide a better risk management. In this paper, the
authors focus more on the second segment of smart construction because BIM became an
essential tool to operate data-concentrated construction process and eventually, is the key for
a successful smart construction implementation.

The rise of smart construction became a serious issue in South Korea. Korean gov-
ernment regards smart construction as a key for better productivity and more successful
achievements for construction industry. In this extent, much efforts are being made in gov-
ernment levels. For example, the Ministry of Land, Infrastructure, and Transport (MOLIT)
has established the ‘Smart Construction Technology Roadmap’ and ‘The 6th Basic Plan
for the Promotion of Construction Technology’, and formed a smart construction project
group for technology development in the construction field [13]. This effort will strengthen
the promotion of smart construction and establish an ecosystem for improvement and
innovation for field applications. In addition, MOLIT announced the ‘Smart Construction
Technology Field Application Guidelines’ in March 2021 to activate new construction tech-
nology [14]. Other government organizations, such as Korea Expressway Corporation was
selected as the general organization of the ‘Smart Construction Technology Development
Project for Road Demonstration’ in April 2021, with the goal of innovative improvement
of construction productivity and stability in road planning and construction [15]. Korea
Railroad Corporation established a plan to improve safety management methods by using
advanced technology in an integrated smart railway safety management platform [16].
Smart construction became a very popular topic in construction industry as it would
improve working environment, risk management, and field safety. At the same time, it
provides digitalized working environment from planning to operation and maintenance
stage, which in return, will show a better productivity and efficiency.

In general, a construction project involves a number of steps from planning and de-
signing to construction and maintenance stages. As a data management tool, BIM can be
applied in every step of the process because of its 3D modeling capacity, data utilization and
modification, and visualization abilities. A wide range of tools are developed to support
BIM environment and international vendors provide a number of choices. Popular exam-
ples will be Revit, ArchiCAD, Trimble Connect, and so many. BIM was initially utilized in
private sectors first because of its handy way of 3D representation and data association.
Lately, however, public entities, such as government bodies, procurement organizations,
and public administrations are actively adopting BIM because of its enhanced job ordering
and project delivery capability.

There have been a large amount of studies elaborating the benefits of using BIM in the
construction industry. In less than 10 years, more than 900 studies regarding BIM utilization
are published as academic papers, and most of them illustrate how BIM could change the
construction industry and the world at large [17,18]. Among various studies, many have
shown a great interest on how effective BIM is, and a large amount of efforts have been put
to identify the benefits in using BIM [5,6,17,18]. The benefits of utilizing BIM can be divided
into five categories: (1) lifecycle cost control; (2) effective construction process; (3) design
and quality improvement; (4) decision-making support; and (5) risk management, and
some are more abundant in specific cases, such as facilities management [4,19–22].

However, some studies have revealed a critical notion in organizational and insti-
tutional issues of using BIM. A study has analyzed that knowledge management is an
important issue in automated construction environment. A significant increase in the level
of influence of coordination and integration, strategic direction and intend, organizational
learning and creating change on knowledge management in a BIM-enabled environment
compared to traditional construction environment. The statistical results revealed that
coordination and integration are effective in integrated engineering, clash detection, model
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updates, integrated logistics, soft landing plans and as-built models for trade coordination
or on-site construction when coupled with BIM [6,18,22,23].

A study on Indian architectural firms also analyzed that there are some critical man-
agement issues that need to be pre-adjusted before using BIM in a real project [24]. A
proper management support is one of the major drivers for BIM adoption. A total of 75%
of BIM adopters and 50% of non-adopters have reported that top management in their
firm has always shown an interest in the implementation of BIM. Along with this, 74%
of BIM adopters and 42% of non-adopters have also mentioned that top management in
their organization has effectively communicated their support for BIM implementation.
However, the biggest hurdle for adopting BIM in management perspective is in its cost.
Although management recognizes and has tendency to use BIM for their firms, the cost
of utilizing BIM and maintaining it seems reasonably high and makes people to actually
do implementation. [24]. In terms of value proposition, studies have identified that there
are some advantages of using BIM and the results are acknowledgeable. Recent study
about the influence of BIM benefits from the Malaysian construction stakeholders has
analyzed that productivity, time, cost, clashes, and communication are the most essential
BIM benefits that concerned the participants [25,26]. The driving factors of implementation,
on the other hand, were selected as trust, respect, commitment, early involvement, and
knowledge. It is also found that there is a significant relationship between BIM benefits
and its implementation [25,26].

Another study has found that the implementation of BIM in a real project is not
limited to the technical aspects but is also about organizations, regulations, and managerial
affairs [27]. Enhancing BIM in architecture, engineering, and construction (AEC) projects
requires push-pull strategies, implementing BIM in projects faces the resistance of orga-
nizational culture, and adopting BIM brings institutional changes to projects. Regarding
the latent factors, the enhancement of current BIM implementation requires the accom-
modation of changes in project context by institutional governance. It can be triggered by
leadership and sustained by ad hoc settings in the project context regarding technical, orga-
nizational, and financial conditions [28–30]. Other studies have revealed that governmental
employees held more conservative perceptions toward certain benefits, critical factors, and
challenges in BIM practice, such as BIM benefits in human resources, project feature, and
number of BIM knowledgeable companies [31,32]. Study results indicate that smaller-sized
organizations (i.e., with fewer than 100 full-time employees) held more positive views on
BIM benefits in recruiting or maintaining employees, as well as the importance of having
certain number of BIM knowledgeable employees in the project [20,33,34].

As can be seen, although BIM provides positive aspects for construction industry, a
number of studies have emphasized the importance for organizational efforts. In this extent,
this study tries to identify what are the demands for a better BIM working environment for
construction industry and AEC as a whole. Smart construction and BIM can be regarded as
a relatively new terms in AEC industry and due to this reason, we are not so aware of how
we should accelerate such advantages and how to support BIM environment in political and
institutional ways. Not many studies try to precisely understand its fundamental demands
and required administrative preparations for a healthier BIM environment. If BIM is an ideal
tool for AEC productivity and eventually will lead us to a smarter construction environment,
then there should be a thorough consideration regarding its institutional and administrative
approaches. In this extent, the main purpose of this paper is to understand the barriers and
facilitators that are raised by real professionals for a successful BIM implementation.

2. Materials and Methods

To properly understand the working environment of BIM in AEC industry, the authors
conducted an in-depth survey with relevant professionals. A survey with 40 questionnaires
was distributed to 100 professionals in construction, design, engineering, government, and
rail industry. Among 100 surveys, 65 were returned with proper answers, 22 were returned
with missing answers and 13 were not returned because of various reasons. The survey
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was delivered through an email to professionals working in AEC industries, especially
railway environment. These experts were chosen based on the work scope written in
employers’ website. In addition, some part of the respondents was also contacted based
on other expert’s recommendations and the authors’ individual network. The survey was
conducted on October 16 to December 16 in 2020.

Table 1 indicates the list of questions distributed to respondents. As can be seen,
question 1 through 7 ask about basic information regarding each respondent. Although
respondents were chosen specifically in AEC industries, their role, familiarity with BIM,
years of experience, and other background differ to a certain degree. The second part of the
survey is related to BIM education and knowledge management. As BIM is a relatively new
field, not many people in the industry received formal education. Rather, they have learned
BIM as a tool that is regarded as an extension to 2D computer-aided drawing (CAD). This
second part is designed to identify if systematic education is required to properly conduct
BIM assignments in rail and AEC industry at large. In addition, respondents were asked if
a certificate system is required for a better BIM working environment. Currently in Korea,
there is a certificate system for BIM implementation but the system does not guarantee
economic valuation yet. It means the certificate only supports whether the person can
handle BIM works, not representing financial stability in exchange. Therefore, the authors
asked the professionals if certificate system is in demand and whether knowledge sharing
platform is required.

Table 1. Survey Design and Delivered Questionnaires.

Fields No. Questions

Basic Information

1 Age group

2 Work Professions

3 Experience (years in industry)

3-1 Rail industry experience

4 Type of Organization working for

5 Specific Job Description

6 Familiarity with BIM

7 Relevance of BIM to project

BIM Education & Knowledge Sharing Platform

1 BIM Education

1-1 Duration of the education

1-2 Education materials

2 Demand for Formal BIM Education

2-1 Length of proper BIM education

2-2 BIM education contents

3 Necessity of a BIM Certificate System for AEC Industry

3-1 Required BIM certification in rail industry

4 Exposure to BIM Knowledge

5 Relevance of BIM Knowledge Sharing Platform to Work

6 Contents for Knowledge Sharing Platform
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Table 1. Cont.

Fields No. Questions

BIM for Design and Construction

1 Advantage of Using BIM in Design Stage

1-1 Most relevant work of using BIM in design stage

1-2 Obstacles of using BIM in design stage

1-3 Role of BIM professionals for design stage

1-4 Required level of expertise for BIM professionals

2 Advantage of Using BIM in Construction Stage

2-1 Most relevant work of using BIM in construction stage

2-2 Obstacles of using BIM in construction stage

2-3 Role of BIM professionals for construction stage

2-4 Required level of expertise for BIM professionals

3 Most Wanted BIM Work for Railway Design

4 Most Wanted BIM Work for Railway Construction

5 Using BIM for Quality Management of a Project

6 Advantages of BIM in Ordering and Procurement

7 Difficulties of Using BIM in Ordering and Procurement

8 Necessity of Proper Compensation System for BIM Use

8-1 Appropriate compensation for BIM use in design stage

8-2 Appropriate compensation for BIM use in construction stage

The third part concerns the use of BIM in planning and construction stage. The
questionnaires were specifically related to planning and construction, identifying obstacles,
benefits, and requests from each respondent. As seen in Table 1, the use of BIM was asked
in general context at first, and then some specific questions were delivered regarding
railway industry for more detailed answers. There are some parts of the survey specifically
designed to accommodate answers for government order systems in rail industry. Because
most of railway projects are conducted from public side, governments are the biggest
players in procurement and ordering systems. In this extent, respondents were asked
if BIM can help facilitate public ordering and procurement process and if there are any
anticipated obstacles in BIM implementation in public side. This part also concerns about a
proper compensation of using BIM in AEC industries.

3. Results
3.1. Basic Information

According to the survey results, the majority of respondents are in between the 30s
and 40s, a total of 84% from the entire respondents. Regarding their backgrounds, 56% of
respondents were coming from civil engineering background, 14% are from electrical and
mechanical engineering, 4% are from architecture, and 2% are not directly related to AEC
industries. In terms of affiliations, about 50% are coming from government bodies mostly
relating to job ordering and procurements. About 25% are coming from BIM firms, where
their works are mainly about BIM making and management, about 15% of respondents are
from construction, and less than 7% are from architectural firms. As a consequence, the
majority of the respondents’ work scope relates to BIM creation and management, about
17% relates to procurement and job ordering, 15% are in architecture jobs, and about 2%
relates to actual construction. In terms of the number of experience, about 36.7% shows less
than 5 years in the industry, about 20% have 5 to 10 years’ experience. About 42.8% from
the respondents show longer than 10 years of experience in the industry. This could be
interpreted that most of respondents from this survey is coming with a decent background
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and could indicate that most of them started their career long before BIM was implemented
in actual practice. The authors asked more specifically about respondents’ experience in
rail projects and about 62% of the respondents show less than 5 years of experience in
railway projects. About 22% answered that they have longer than 10 years of experience in
railway industry. Figure 1 illustrates respondents’ affiliations and experience levels.
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Figure 1. Respondents’ Professional Backgrounds and Years of Experience.

In terms of respondents’ familiarity with BIM, about 29% answered they do not know
or not familial with BIM at all. The majority, about 43% showed they have moderate
knowledge in BIM and this relates to just 3D working environment, not BIM as a complete
data management platform. Among answers, about 17.6% responded that they know BIM
very well and it means that only less than 20% of respondents understands BIM as a tool
with nD capability. In terms of respondents’ relativity of their works with BIM, about
43% replied that their works have low to very low connection to BIM. On the other hands,
about 24% from the respondents’ showed moderate to high relevance of BIM to their works.
The results show an interesting result that most of respondents hold reasonably longer
experience in their industry but less than half of them are familiar with BIM or their works
are not directly related to BIM in general. Then the question becomes, if they are not
very familiar with BIM environment, then would they be interested in learning? Or more
precisely, do we have some kind of consensus that BIM is a necessity for a better AEC
working environment? The second part of the survey answers these concerns.

3.2. Education and Certificate System

Whether the respondent has received BIM education previously, about 55% answered
that they have no formal education regarding BIM. This seems an interesting result because
based on previous survey results, only about 24% from the respondents denoted that their
work has moderate to high relevance to BIM. In other words, there are more people who
received formal BIM education (45%) but not using in their real working environment.
Looking at education experience more closely, 40% of respondents received education for
less than 1 week and only 4% had a continuous BIM education for longer than 6 months.
Some of the written answers identified that most of 1-week education involves very basics
about BIM tools, such as Revit, Archicad, or Bentley, meaning that it could be closer to a
modeling education, not for BIM as an information platform.
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Although almost half of the respondents answered that they have received formal
BIM education and less than 30% indicated that their work has a relevance to BIM, more
than 90% of the respondents agreed that AEC industry professionals need formal education
regarding BIM. In addition, their intention about BIM education length shows that 32%
answered 1 month is enough and 40% answered that 1 to 6 months are necessary length
for proper BIM education. It seems that the professionals in AEC industry largely agree
on BIM as a necessity requiring formal education. Many have identified that 1 week of
education, which was the largest portion for BIM education from the respondents, is not
enough, requesting for longer term. Some of the written answer indicated that they need
more than just modeling education and there is a strong demand for learning BIM as an
information platform that can manage entire project.

As can be seen in Figure 2, more than 75% of the respondents agreed that there
should be a certificate system for BIM professionals. Whether the certificate is about
design, engineering, or construction, the professionals have consensus about making BIM
as a professional field that needs government-managed certification system for a better
utilization. Regarding the items that needs certification, the answers indicate that about
27% requested there should be a certificate for BIM software utilization, whereas 30%
emphasized that a certificate should be given for project management using BIM. About
20% of the respondents answered that design certificate should be integrated with BIM
modeling ability and 13.6% answered that BIM certificate needs to be given for construction
process. Therefore, it could be regarded that professionals understand BIM certificate is
required and more emphasis should be given to project management with BIM ability not
just for software utilization. This is an intriguing result as it seems that many professionals
now understand BIM as a management and information tool, rather than just a software.
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Regarding the main resources for BIM information, the majority of Korean engineers
rely on education and individual connections. As can be seen in Figure 3, about 29.8% of
the respondents indicated that they obtain information regarding BIM through internal and
external education from the organizations and about 24% answered that they individually
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contact associated professionals for more information. International websites and journal
articles are about 37% of their BIM resources. Although there are various resources about
BIM online, still many experts rely on traditional education format or in-person contacts.
This can be divided into age structure because most of the respondents from age 30s and
40s showed international and domestic websites as the main resources for BIM information
and most of people with a tendency for traditional education came out to be older than
50s cohort.
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Figure 3. Preferences on BIM Knowledge Sharing Site.

Another good perspective regarding BIM information can be found on the respondents’
preference on knowledge sharing platforms. According to the results, more than 72% of
the answers revealed that knowledge sharing site will be of moderate to great help for
their work. Only less than 6% of the respondents have answered that some form of a
knowledge sharing site would be less helpful. In terms of specific contents, about 35% have
identified that a specific guideline for BIM progress will be necessary and about 27% have
indicated that sharing successful BIM implementation (i.e., case studies) will be helpful.
Similar portion, about 23% have shown a great interest on education materials and about
16% need more in-depth information about international practices. Although most of the
respondents have experienced BIM in a more traditional way, their tendency to learn and
gather further information is inclined to knowledge sharing platform. A large portion of
the respondents have agreed on the usefulness of the platform and the contents require a
diversity from specific guidelines to educational materials. Figure 3 is a summary about
knowledge sharing platform questionnaires.

3.3. The Utilization of BIM

The third part of the survey directly relates to the advantages and obstacles in BIM
implementation. Questionnaires are largely divided into 5 sections: (1) BIM in design
stage, (2) BIM for construction, (3) BIM in railway projects, (4) quality management and
procurements, and (5) proper compensation for BIM specialists. According to the survey
results, the respondents generally agrees with the advantages of using BIM whether it’s in
design, construction, or railway projects. Specific answers slightly differ to a certain degree
but general consensus can be found for BIM implementation.

According to the result, about 30% of the respondents have answered that the biggest
advantage of using BIM during designing stage can be found in error reduction. Because of
model checking ability and 3D working environment, BIM can greatly reduce interference
of structural, mechanical, electric components. This in return can provide enhanced
efficiency during designing stage. The second biggest asset for using BIM in design is its
automated process. Because BIM is an object-based process, drawings and other associated
materials, such as the amount of steels, concrete, and other materials can be automatically
calculated from design. About 20% of the respondents have showed that 3D modeling
capacity is a great advantage of using BIM and 13% indicated that time reduction in
designing is a positive factor of using BIM during design stage. As a result, similar portion
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of respondents can be found for their wanting job boundary for BIM utilization. About
35% answered BIM is wanted during error checking stage and 27% require BIM for an
automated process for design production.

The biggest obstacle in BIM for design can be found in vague standards for its produc-
tion guidelines. About 41% answered that the government or any other procurement bodies
should provide more specific and clearer standards for the final output. In other words,
unclear job orders from the clients make engineers harder for using BIM. Another negative
factor for using BIM is in its limited capability for human resources. About 26.2% of the
respondents have identified that there is a lack of experienced professionals using BIM for
design. Because of this reason, BIM designers are not properly utilized during design stage.
Another notable answers are the increased cost of using BIM (11.9%) and a lack of necessity
for BIM because of familiarity to traditional working environment (16.67%). For the level of
expertise in BIM during design stage, less than 5% have answered that just a BIM modeler
is required. As can be seen in Figure 4, many respondents showed that both BIM modeler
and coordinator is required and about 19% of answers even showed BIM manager is more
required than BIM modeler level. This results can be interpreted that people see BIM
professional more of a manager or coordinator than just a modeling professional.
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In terms of using BIM for construction stage, about 32.3% have answered that BIM
plays a positive role in detecting designing errors. During construction, finding an error
can become a critical issue because if the model contains an error, whether it is a structural,
mechanical, or else, there should be a reorder to be made and it eventually increase the
length and costs of the project. In Figure 5, about 19.2% answered that using BIM can
increase construction ability which in return, promotes construction efficiency. About 10.6%
answered that BIM facilitates construction budgeting and about 12.8% reported that it is a
convenient tool in design change. This result can be found similarly in a question regarding
which task should BIM be applied in construction. The majority of answers indicated that
BIM is required for construction ability and design errors. One interesting observation
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is that many respondents answered that BIM needs to be used more in scheduling and
cost management.
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When respondents were asked about the biggest obstacles in using BIM for construc-
tion, the answers show little variances. Each of the answer shares similar portion. A lack of
experienced professionals and vague standards for production guidelines are two biggest
obstacles in BIM for construction. Another factors prohibiting BIM is in a lack of necessity
among construction professionals (20.51%) and increased costs of using BIM (10.26%).
However, unlike BIM in design survey results, the difference between answers are not very
significant. It seems like there are more various reasons for adopting BIM in construction
than during design stage. For the level of expertise in BIM for construction, the dominant
answer was a combination of modeler and coordinator. Similar pattern was observed in
design and based on this observation, more experienced BIM experts are in demand for
both design and construction processes.

More detailed questions were given to understand how BIM is acknowledged for
railway professionals. As seen in Figure 6, when railway professionals were asked about
what are needed for railway designing using BIM, about 21% have answered that there
should clearer and more specific work standards. This is similar to the previous answers
and it could be regarded that many experts are requiring for more specific working stan-
dards for procurements and public job orders. The second answer shows that there should
be more BIM education available, especially for rail industry, and people were expecting
a proper compensation for BIM utilizations. Similar notions could be found for BIM in
construction stage. The largest portion of the answer indicates that there should be clear
job identifications and specific work standards and there should be a proper compensation
system for using BIM in a rail project. An interesting answer can be found in a dedicated
BIM professional in the field. About 16% answered that there should be a dedicated BIM
expert for field operation and this is the second most request from the respondents.
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From the government’s perspective, the authors have asked what are the most nec-
essary part of using BIM in project contract and procurement process. The majority of
the respondents have answered that design errors are the biggest asset in job ordering
(38.2%). In addition, database creation and management is the key to successful contract
management and system operation for a better maintenance (30.9%). On the other hand,
the respondents answered that the biggest obstacle for government to use BIM is in its lack
of understanding about BIM. Similar to working experts, the government professionals
also have showed that more specifications should be prepared for BIM project delivery.

The last part of the survey was designed to accommodate respondents’ opinion on
compensation system. The majority of the respondents have shown interests on a proper
compensation for using BIM. About 80% of the answers have showed that there should
be compensation for adopting BIM experts, such as a modeler or a coordinator. About
the compensation rate, however, the answers showed a diverse range. About 27.7% have
revealed that the rate for BIM experts should be negotiable with a fixed range and 23.4%
have answered that it should be on actual usage-basis, closer to a man-hour basis. Other
answers showed interests on 10 to 20% increase in total design fee (19.15%) and about
12.77% have answered that the entire design fee needs 20 to 30% increase for using BIM.
As seen in Figure 7, construction experts think the compensation for using BIM needs to be
based on actual costs associated with BIM implementation (41.03%). About 23.1% have
answered that BIM for construction needs to be adjusted based on the percentage to the
total construction fee. Although the system for paying BIM implementation showed a
slightly different notion between design and construction, there is a strong demand for a
proper compensation system when adopting BIM in AEC industry.
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4. Conclusions

This study is designed to understand BIM utilization in design and construction pro-
cess for AEC industry. In specific, questions are delivered to analyze relevant professionals’
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current understanding on BIM, their acknowledgement about education and knowledge
sharing, and finally obstacles and compensation for successful BIM implementation. As
the analysis indicated, although BIM seems to be in its early stage for more active involve-
ment, there are quite many professionals already using BIM for their work. Especially,
during designing and construction stage, many experts try to use BIM for a multi-purpose
working environment.

However, there are still a large amount of gap between BIM use and relevant profes-
sional’s level of expertise. Although 45% of the respondents have received a certain form of
BIM education, more than 94% of the respondents have required there should be a formal
education regarding BIM and the length of the education should be 1 to 6 months, which is
significantly longer than the current education experiences. In addition, more than 76% of
the answers have identified that there should be a certificate system for BIM experts and it
needs to be more than just a modeling certificate. It should be also connected to project
management and project implementation at large. More than 70% of the respondents have
positive attitude toward knowledge sharing platform and the most demanding contents
are specific guidelines and education materials for BIM.

According to the survey result, both design and construction experts have reported
that the biggest advantage of using BIM is in its error checking ability. It can reduce design
errors and increase construction ability for participants. Both design and construction
experts are in high demand for specific work guidelines and more detailed procurement
and project delivery. They have also denoted that a lack of professionals for BIM modeler
and coordinator in AEC industry is another obstacle. This perception was relatively similar
for rail industry professionals. Specific questions regarding rail industry showed a similar
result as they require more detailed work guidelines and more dedicated professionals
for BIM delivery. From the government side, they expect data delivery and management
as a big asset in BIM utilization. Additionally, more than 79% of the respondents agreed
upon a proper compensation system for BIM implementation. Although compensation
allocation differs to a certain degree between design and construction, the majority of
opinions have revealed that there should be an increase in construction and design fees for
a proper BIM adjustment.

As many have noted, BIM can change AEC industry with many advantages. In
specific, relevant professionals expect error reduction and data management as two biggest
assets. Examining the survey result more specifically, regardless of age, professional
backgrounds, affiliations, years of experience, and BIM education, most of the respondents
have agreed that AEC industry should adopt BIM for a better productivity and efficient
project management. There are, however, some differences among stakeholders, industries,
and other perceptions and for that reason, BIM should be adjusted for its own industrial
standards. Nonetheless, a vast amount of answers has accentuated that there are a number
issues for a successful BIM application: (1) guidelines and details for BIM work and
delivery; (2) more standardized BIM education; and (3) a proper compensation system for
BIM work. These results show that BIM professionals are ready to adopt the consequences
of using BIM, but administrative and political preparations are not available beforehand.
Specific guidelines for project delivery, standardized education, and compensation all
relate to systematic and organizational efforts. Many have noted the importance of using
BIM in a very technical perspective. Now, we need to take BIM implementation to higher
level of regulatory concerns and have to provide administrative solutions for successful
BIM applications.

This study has revealed possible issues and requirements of using BIM for Korean AEC
industry. Korean AEC industry is experiencing a rapid change for its better productivity
and the authors believe the result of this study could give an insight about possible
preparations for future smart construction environment. BIM is now regarded as an
effective tool by relevant professionals. Then it is about time to think more thoroughly
about institutional efforts that will help a successful working environment. Further studies
should elaborate more about BIM and other data management packages, such as GIS
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or Artificial Intelligence. In addition, proper compensation system and more details on
knowledge sharing platform will be a key to a successful BIM implementation.
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