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Although building information modeling (BIM) has demonstrated to be an effective tool for the construction of urban rail transit
worldwide, it has not gained the same popularity in the facility management (FM) of urban rail transit. ,e objective of this study
is to investigate the BIM application areas for FM in urban rail transit from an innovation diffusion theory perspective, in order to
gain efficient operation and maintenance (O&M) in urban rail transit. A total of 18 BIM application areas were first identified
through semistructured interviews. A questionnaire survey was then conducted to further quantitatively characterize the relative
advantage, ease of use, trialability, observability, and compatibility of these areas. Statistical analysis of the survey results provided
evidence that, currently, BIM application areas directly related with facilities and equipment are most likely to be adopted.
Correlation analysis further indicates that the perceived innovation diffusion characteristics of these BIM application areas
significantly correlate with the development level of urban rail transit in different regions. ,e findings contribute to a broadened
understanding of the complex innovation diffusion process of BIM for FM in urban rail transit and provide insights into how BIM
can be more effectively adopted in the domain.

1. Introduction

Building information modeling (BIM) technology is an
innovative technology for the parameterized expression and
integrated management of various kinds of information
throughout a facility lifecycle [1]. BIM technology has
changed the development mode of the traditional con-
struction industry and helps to solve the problems of work
coordination and information integration during the in-
formation management process in a facility lifecycle. As
such, BIM has been widely regarded as a milestone tech-
nology to reform the construction industry and improve the
efficiency of construction project management [2]. ,e
existing literature shows that the application of BIM tech-
nology can eliminate up to 40% of extrabudgetary changes,
shorten the construction period by 7%, save 10% to 17% of
operating costs, and reduce greenhouse gas emissions by
50% in construction projects [3–5]. ,erefore, the potential
benefits of integrating BIM with facility management (FM)

activities have also drawn increasing attention from both the
academia and the industry [6].

In recent years, BIM technology has gradually been
applied to the urban rail transit industry with continuous
innovation and development, which has produced exem-
plary results in some large-scale urban rail transit projects
[7]. BIM technology can achieve the visual management of
urban rail transit projects, set, or subsequently supple im-
portant information, such as performance parameters, and
the maintenance status of facilities and pipelines, thereby
developing real value in the lifecycle of urban rail transit.

However, according to some previous studies, the BIM
application for FM in urban rail transit is still in its infant
stage [8]. Only few researchers have made some attempts at
BIM application areas for FM in urban rail transportation.
Marzouk and Abdel Aty [9] stated that BIM for FM in urban
rail transit can improve the asset management process by
integrating the information that asset managers use. Li [10]
proposed a BIM-based management model for subway
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mechanical and electrical equipment, which provides perfect
data communication and timely access to facilities and for
equipment maintenance. In addition, Xiahou et al. [11] used
BIM and RFID technology to achieve the real-time location
tracking of people in urban rail transit. Shi et al. [12] carried
out research on BIM-based train operating organizations
and passenger transportation organizations. However, the
scope of these BIM applications is relatively narrow. ,ere
are many reasons for this situation, including lack of in-
teroperability between FM and BIM authoring tools, lack of
clearly defined FM data requirements, lack of systematic staff
matching strategies, lack of clear stakeholder accountability
rules, and lack of mature market operating mechanisms and
business models [13]. However, the main problem is that the
BIM application areas for FM in urban rail transit are not
clear and cannot support the operation and maintenance
services very well. Furthermore, urban rail transit is a
comprehensive and complex project and most of the tra-
ditional FM systems are self-contained, such as OA systems,
asset management systems, and other systems. ,erefore, it
is difficult for BIM and these systems to clearly distinguish
the boundaries of respective management objectives, which
leads to unclear areas in BIM applications and a devaluing of
the usefulness of BIM for FM in urban rail transit [14].

To address this knowledge gap, this study investigates the
extent to which individual BIM application areas have been
adopted throughout urban rail transit and the barriers as-
sociated with the adoption. ,e specific objective of this
study was to describe and evaluate the adoption of BIM
application areas using reliable innovation diffusion attri-
butes, including relative advantage, compatibility, ease of
use, trialability, and observability. To achieve these objec-
tives, an in-depth literature review was conducted to identify
common BIM application areas. ,e expert interviews were
then used to describe BIM application areas in the FM of
urban rail transit completely. ,en, five attributes from the
innovation diffusion theory are used to analyze the potential
of the adoption of BIM in the FM of urban rail transit.
Finally, this study discusses the findings to shed light on the
adoption propriety of different BIM application areas in the
FM of urban rail transit and the improvement of the areas
which have a lower propriety.

2. Literature Review

A comprehensive review on current BIM implementation
practices during the O&M phase and the research of in-
novation diffusion theory in BIM adoption is provided in
this section.

2.1. Current Practices on BIM Application Areas for FM.
Due to the large time span, long periods, many contents, and
complex personnel involved, traditional facility manage-
ment is relatively inefficient. ,e introduction of BIM
technology in facility management can not only meet the
basic activity needs of users and increase investment income
but also realize information share among design, con-
struction, and O&M, improve the accuracy of information,

and provide convenient management platform for all par-
ticipators to improve the efficiency of building facility
management [15].

As for BIM application in the field of facility manage-
ment, Akcamete et al. [16] determined that the costs of the
maintenance phase account for more than 60% of the total
cost of the project, ,eoretically, BIM can visualize various
aspects of facility management in real-time. Data can be
stored in the BIM model indefinitely and can be analyzed
from multiple perspectives to assist the facility management
activities. In this respect, a few researchers have demon-
strated the potential of BIM in facility management, and they
thought that the early application of BIM for FM included
seven aspects of BIM application in the O&M phase:
maintenance and repair, change/relocation management,
space management, emergency management, security
management, energy management, and asset management
[17–26].

Most BIM applications are related to buildings, while
there have been few applications related to infrastructure
[27], especially to urban rail transit. ,at is because urban
rail transit as an important municipal infrastructure has
significant features such as large-scale construction, large
workload of organization and coordination, numerous fa-
cilities and equipment, and complex operating conditions.
However, the use of BIM in urban rail transit offers sig-
nificant benefits.

In fact, BIM technology can be used in several aspects of
urban rail transit. Huang et al. [28] assessed the help of BIM
in handling change orders received for railway track
alignment designs that could greatly save time and effort by
preventing tedious and time-consuming repeating tasks.
BIM can help in more accurate cost estimations, which will
prevent project losses in bridge projects [29]. Ároch et al.
[30] used BrIM for modeling and storing information about
structural and dynamic tests on a railway bridge. Cheng et al.
[31] stated that the lack of research on evaluation of envi-
ronmental impacts of railways on their neighborhood with
BIM is still a gap. Gao et al. [32] and Lee et al. [33] developed
IFC properties to address the BIMmodeling needs of railway
bridges. Ding et al. [34] evaluated the BIM capabilities for
nD modeling of city rail transit to help the management
process during their construction phase. Shirole et al. [35]
reviewed the benefits of combination of GIS and BIM ca-
pabilities for railways that can help in decision support and
integrity in the construction phase. Zak and Macadam [36]
used BIM for modeling and modernization of a railway
station in Czech Republic. Jubierre and Borrmann [37]
evaluated a rule-based BIM modeling approach for mod-
eling of a suburban railway tunnel in Munich, Germany, and
their findings proved that this method can be applied for
detailed design and modification of railroad tunnels, while
flexibility and consistency of the model has been retained.
Marzouk and Abdelaty [29] did series of comprehensive
research on application of BIM for subway infrastructure
and environmental monitoring.

In short, BIM technology can assist with the design and
planning of urban rail transit and is commonly used in
practice; however, there is a research gap in the BIM
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application areas for the O&M of urban rail transit. In order
for BIM technology to be thoroughly applied in urban rail
transit, this study completely overhaul the BIM application
areas in the FM of urban rail transit.

2.2. )e Research of Innovation Diffusion )eory in BIM
Adoption. Everett M. Rogers first shed light on the inno-
vation diffusion theory in 1962. Regarded as the inventor of
this theory, he described the process of diffusion to be the
communication of an innovation amongst the members of a
social system, through certain channels over time and
identified five attributes of innovations: relative advantage,
compatibility, complexity, trialability, and observability [38].
His view of the influence of the perceived attributes of an
innovation is that “innovations that are perceived by indi-
viduals as having greater relative advantage, compatibility,
trialability, and observability and less complexity will be
adopted more rapidly than other innovations.” ,erefore,
the use of the five attributes in the innovation diffusion
theory can better explain the adoption of innovative
technologies.

,e innovation diffusion theory has been widely used in
many fields since it was proposed [38]. Greenhalgh et al. [39]
address the issue of spreading and sustaining innovations in
the health service industry. Another paper reviews the ac-
ceptance of technology that based innovation in the food
domain [40]. In the past 10 years, owing to information
systems (ISs) have become an integral part of almost every
aspect of organizational functioning [41], the research on the
adoption of information technology (IT) and IS innovations
is one of the most widely studied areas [42].

As an important support for the informatization of the
construction industry, BIM conceptualized as an IT inno-
vation has been extensively studied [43, 44]. However, due to
the difficulty of applying BIM technology in facility man-
agement, it is necessary to further explore the views of target
users on the adoption of BIM. Mahalingam et al. [45]
identified that organizational and project-related barriers
have impeded the adoption of BIM and warned that the
innovation might not be adopted through the construction
industry unless BIM application areas are integrated into
existing systems and approaches. Despite the apparent ad-
vantages afforded by BIM, it should be noted that any
misunderstanding by planners and construction practi-
tioners will impede adoption [46]. Besides, researchers have
studied the process underlying BIM adoption and the factors
that influence the diffusion of it as an ICT innovation
[47–50]. In these studies, BIM is regarded as a single
product. However, BIM has a broad scope and constitutes
multiple application areas, such as 3D modeling, cost esti-
mation, and indoor localization and navigation. Some BIM
areas (such as 3D modeling) have been adopted more
successfully than other areas (such as indoor localization and
navigation), so it is important to analyze the adoption of
various BIM areas, otherwise it may not lead to accurate
findings [51].

To summarize, analyzing each BIM application area
through the innovation attributes in the innovation diffusion

theory can help target users to filter out high-priority BIM
areas and implement them in facility management, which is
the purpose of this study.

3. Methodology

3.1. Identification of BIM Application Areas. Face-to-face
interviews are a widely used survey method. ,e main
advantage is the presence of the interviewer, which makes it
easier for the respondent to either clarify answers or ask for
clarification for some of the items on the questionnaire. A
relatively high response rate and almost no nonresponses are
also added advantages of this method [52]. Bogner et al. [53]
stated in his book that the number of interviews is set
according to the research content and generally does not
exceed 20 people. Eisenhardt [54] believes that interviews
with different participants can be used as multisource re-
search data to ensure high-quality data. ,erefore, in this
survey, open-ended questions were used to solicit 12 expert
opinions from different participants on the BIM application
areas.

Given the unique situation of urban rail transit operation
and maintenance, all the experts needed to satisfy the fol-
lowing selection criteria:

(i) ,e expert should have at least five years hands-on
operation and maintenance experience in urban rail
transit

(ii) ,e expert should have a certificate in the BIM field
to show extensive BIM knowledge

A list of the experts and their affiliations are shown in
Table 1. All had sufficient experience and expertise in the
urban rail transit field: 58% had 5–10 years of experience,
33% had 10–20 years of experience, and 9% had 0–5 years of
experience.

,e face-to-face interview was conducted as an ex-
ploratory process and is of crucial importance. ,ese
experts refined the BIM application areas in urban rail
transit facility management based on the related appli-
cation of BIM for FM in the literature review combined
with the characteristics of urban rail transit facility
management, for example, in the objects of maintenance
and repair, experts believe that it needs to be subdivided
into three parts: stations, trains, and tunnels. As for
change/relocation management, experts believe that this
application in urban rail transit is relatively small, so it
does not need to pay too much attention. After the
completion of the survey, content analysis was used to
identify the BIM application areas for FM in urban rail
transit. Weber [55] stated that content analysis could help
classify textual material, reducing it to more relevant,
manageable bits of data. In conducting the content
analysis in this research study, all the key points and main
ideas of each survey transcript were first documented.
,en, similar main points and ideas were assembled and,
finally, different main themes were consolidated from the
analyzed survey transcripts. After the analysis, a total of 18
BIM application areas for FM in urban rail transit were
identified, as shown in Table 2.
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,ese 18 BIM application areas are mainly summarized
according to the characteristics of urban rail transit facility
management, which are obviously different from traditional
BIM applications for FM. In urban rail transit, sand table
simulation as an important BIM application in operation
and maintenance management is constantly emphasized.
Besides, due to the large number of facilities and equipment
in urban rail transit, the related BIM application areas are

more diverse, including facility connection information
inquiry and facility cognition. ,ese BIM areas have not
been mentioned in the previous literature research. In ad-
dition, urban rail transit is different from general buildings,
including buildings with different functions such as stations,
tunnels, substations, and maintenance workshops. ,ere-
fore, the coverage of BIM application areas is also more
comprehensive in urban rail transit.

Table 2: Summary of BIM application areas for FM in urban rail transit.

Codes BIM application areas Description

N1 Facility information query ,rough BIM, the complete facility information can be linked with the model to make sure
that the staff can query information.

N2 Connection information inquiry
among facilities

,e BIM model can show the connection information of two facilities or facilities
networking, etc. to make sure that the staff can query information on connection.

N3 Notification of facility running
information Running and alerting information of every facility is displayed on the BIM platform.

N4 Backup and storage of BIM data To keep backup and storage of handover BIM static data.

N5 Facility asset management Fixed assets and nonoperational assets are managed with asset codes and models linked in
order to help query assets.

N6 Spare part management
Spare parts such as common production facilities and housing construction decorations are
managed. ,e quantity and storage location of spare parts should be displayed on BIM

models.

N7 Intelligent production management Intelligent use of production data can be achieved by device-level intelligent management of
intelligent work order, paperless accounts, and maintenance records.

N8 Plan management Emergency plans of facilities and equipment are linked to the model, making the alert quick
to handle with the plan.

N9 Cognition of facilities and
equipment ,rough VR, BIM models, facilities, and equipment are well known.

N10 Training of FM Operation and maintenance staff are trained by videos and brochures which are based on
BIM models.

N11 Simulation of operation condition
According to the model information, with some business systems such as PHM, emergencies
and situations can be simulated and the plan for facilities updates and transformation can be

established.

N12 Simulation of facilities condition With some business systems such as PHM, the difficulties in maintenance, such as chain
reactions among facilities, can be simulated and displayed on models.

N13 Intelligent management of vehicles ,e running data directly links with the models to achieve the function of intelligent running
and intelligent alerting with some business systems.

N14 Path management According to the positioning of facilities, the real-time position of staff in the metro and their
paths can be calculated automatically with the model and their demands.

N15 Simulation of passenger transport
Based on BIM models, the passenger transport status in the station and the subway cars can
be simulated with various business systems in order to manage the station space and

passengers efficiently.

N16 Visualization of subsidence
monitoring

,e subsidence data of interval tunnels, tunnels, and junctions of the underground station
can be visualized.

N17 Visualization of energy monitoring ,e data of energy monitoring on facilities and equipment can be visualized.

N18 ,ermal comfort and PM2.5
monitor

,e temperature, humidity, and PM2.5 of different regions can be monitored by sensors and
visualized.

Table 1: List of the panel of experts for the interview survey.

Type of firm/department Number
Operation department 2
Passenger transport department 2
Vehicle department 2
Equipment maintenance department 3
Electrification department 3
Total 12
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3.2. Design of the Evaluation Questionnaire on BIM Appli-
cation Areas. After the interview survey, a new question-
naire was designed based on the attributes of innovation
adoption and the Likert scale to evaluate 18 BIM application
areas for FM in urban rail transit. ,e five attributes of
innovation diffusion were used as the main evaluation
objective of BIM application areas including relative ad-
vantage, ease of use, trialability, observability, and com-
patibility. However, since “complexity” is in the opposite
direction to other attributes, it is replaced by “ease of use”
through reversed coding when evaluating innovation dif-
fusion. Many researchers have adopted this change [56–58].
,e theory showed that a technology can be accepted and
adopted more easily when it is proven to give better per-
formance. Meanwhile, respondents were asked to evaluate
the importance of these attributes on a five-point scale,
where 1� not important, 2� somewhat important,
3� important, 4� very important, and 5� extremely im-
portant or essential. A total of 143 respondents were
identified from the urban rail transit operation and main-
tenance companies, BIM consultant companies, software
and device suppliers, and other participators. ,e ques-
tionnaires were sent to them by e-mail. In order to increase
the response rate of the questionnaire, after receiving the
e-mail, the interviewees would be reminded by telephone
again. A total of 92 responses were finally received, getting a
response rate of 64%. To ensure that the survey results were
credible, any replies from respondents with poor experience
in urban rail transit were discarded. ,e details of the 92
respondents are summarized in Table 3. In addition, it
should be pointed out that more than 80% of the respon-
dents were experts from academia and government de-
partments; most of them have close connections to the
industry and provide consultancy services to contractor
agencies and government departments in urban rail transit
projects.

After eliminating the invalid questionnaires, the
remaining responders from the sample have sufficient
knowledge about the application of BIM in FM of urban rail
transit. In the sample, 39% of the respondents are FM staff in
urban rail transit, 32% are BIM consultants, 20% are soft-
ware and facility suppliers, and the remaining 8.82% are
other personnel who are closely involved in the BIM ap-
plication process of urban rail transit. With regard to the
possible impact on their questionnaire responses of re-
spondents who are project participators, this paper will
conduct an analysis of variance (ANOVA) on the differences
in the group questionnaire information of the four types of
participating roles, shown in Table 4. In the samples of these
participants, the variances in 18 BIM application areas are
not statistically significant (all P values are greater than
0.05), indicating that the questionnaire information has not
been significantly affected by the role of the respondent type.

3.3. Data Analysis and Discussion. Two separate statistical
analyses were undertaken using the statistical package for
social sciences (SPSS) software. ,e first of these analyzed
each attribute of the BIM application areas on the basis of the

mean value of responses, comparing the mean for groups of
respondents in cities with different urban rail transit de-
velopment levels. ,e second analysis was intended to ex-
plore and detect the underlying relationship among the
attributes of each area by correlation analysis and table some
proposals for improving BIM application adoption.

3.4. Attribute Analysis of BIM Application Areas for FM in
Urban Rail Transit. As part of the analysis, first a reliability
analysis was conducted. A reliability analysis is used to test
whether the instrument will produce the same result each
time it is administered to the same person in the same
setting. A coefficient alpha (Cronbach’s alpha) is designed as
a measure of internal consistency. In this study, Cronbach’s
coefficient alpha was 0.976, which suggests that the five-
point Likert-type scores provided by the respondents in the
study are reasonably reliable.

According to Rogers [38], the scores of five innovation
diffusion attributes will have an impact on requirement
adoption. ,e use of Relative Importance Index (RII) to
illustrate the ranking of responses is relatively commonplace
in construction management literature (see, for example,
Gündüz et al. [59], in the context of factors causing project
delays). ,erefore, in this study, these attributes indexes that
are similar to RII are calculated to analyze the adoption
ranking of BIM application areas for FM in urban rail
transit, shown in equation (1). ,ere are two sides of
analysis: (1) analyze the index scores of different BIM ap-
plication areas; (2) analyze the index scores of each BIM
application area in cities with different urban rail transit
developments:

I(a) �
 S

A × N
, (1)

where S is the score given to each area by respondents (from
1 to 5), A is the highest score (i.e., always 5), a is the attribute
name, and N is the number of responses. By weighted av-
eraging the scores of the five attributes indexes, these 18
major BIM application areas are all greater than 0.7, indi-
cating that respondents believe that these BIM application
areas can improve the efficiency of FM in urban rail transit
(see Table 5). Among these application areas, some areas
related to facilities and equipment, such as facility infor-
mation query, connection information inquiry among fa-
cilities, and cognition of facilities and equipment, get higher
scores, which means they can be adopted more easily. ,e
reason is that these application areas are mainly based on
BIM modeling and digital expression and can be imple-
mented directly through detailed as-built models.,ese BIM
application areas have been extensively studied in recent
years [37, 38]. On the other hand, some other BIM areas
(such as facility asset management, path management, and
visualization of energy monitoring) need to be closely in-
tegrated with the business systems in urban rail transit, so
their adoption is subject to certain restrictions and still in an
infancy stage [10, 11]. However, some scholars suggested
that BIM adoption behavior should be analyzed in detail
from each attribute, so as to find the deficiencies of BIM
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application areas [60–62]. On this basis, this study analyzes
these BIM application areas in different regions from the
perspective of five innovative attributes and explores the
reasons for their limited adoption.

,e relative advantage score of each BIM application
area is shown in Table 6, showing that cognition of facilities
and equipment has the highest score and visualization of
subsidence monitoring has the lowest score. ,e relative
advantage of most application areas is greater than 0.8,
indicating that these areas have relatively obvious advan-
tages over the current applications. At the same time, the
relative advantage of BIM applications, such as backup and
storage of BIM data, visualization of subsidence monitoring,
and thermal comfort and PM2.5 monitor, is negatively re-
lated to urban rail transit development levels, probably
because these applications require a large number of sensors
and storage equipment. ,e higher the level of urban rail
transit development, the higher the cost of these BIM ap-
plications, which leads to these applications giving mar-
ginally lower benefits.

,e compatibility score of each BIM application area is
shown in Table 7. Among them, notification of facility
running information has the highest score, while facility
asset management has the lowest score and the compatibility
of most application areas is less than 0.8. ,is shows that
these areas are not easily compatible with existing FM

systems, mainly because existing FM systems, such as the
asset management system and OA system, have their own
standards and systems, which is different from those of BIM
application areas. ,e compatibility of BIM application
areas, such as backup and storage of BIM data, intelligent
productionmanagement, path management, visualization of
subsidence monitoring, and thermal comfort and PM2.5
monitor, is negatively related to the level of urban devel-
opment, mainly because it is more difficult to update the
original system structure in developed urban rail transit.
However, if urban rail transit is just at the beginning of
operation or under construction, the compatibility between
FM systems and BIM can be considered earlier. However,
the two BIM application areas, facilities and equipment
recognition, and plan management are mainly based on the
complexity of facilities and equipment or plans. ,e com-
plexity is higher in developed urban rail transit, so the BIM
application compatibility is positively related to the level of
urban development.

,e ease of use score of each BIM application area is
shown in Table 8. ,e score of training of FM is the highest,
while the score of thermal comfort and PM2.5 monitor is the
lowest. More than 75% of the application areas are more
than 0.8 in this attribute, indicating that these areas have
high ease of use compared to the current applications.
Moreover, the ease of use of backup and storage of BIM data
and visualization of subsidence monitoring is inversely

Table 3: Demographic characteristics of the respondents surveyed.

Working years Percentage
(%) Working organizations Percentage

(%)
Working area (the number of
working lines in the city)

Percentage
(%)

1–5 years 49 ,e urban rail transit operation and
maintenance companies 39 Under construction 37

5–10 years 24 BIM consultant companies 32 1–10 working lines 24
10–15 years 22 Software and device suppliers 20 More than 10 working lines 39
More than 15
years 5 Other participators 9 — —

Table 4: Analysis of variance of different types of respondents.

BIM application areas F value P value
Facility information query 1.914 0.16
Connection information inquiry among
facilities 1.882 0.165

Notification of facility running information 1.142 0.329
Backup and storage of BIM data 1.376 0.19
Facility asset management 3.086 0.056
Spare part management 0.872 0.425
Intelligent production management 1.919 0.159
Plan management 2.792 0.072
Cognition of facilities and equipment 1.06 0.355
Training of FM 1.211 0.325
Simulation of operation conditions 0.218 0.805
Simulation of facility conditions 0.396 0.675
Intelligent management of vehicles 2.936 0.065
Path management 1.889 0.164
Simulation of passenger transport 0.324 0.725
Visualization of subsidence monitoring 2.28 0.115
Visualization of energy monitoring 1.786 0.18
,ermal comfort and PM2.5 monitor 2.303 0.11

Table 5: ,e weighted average scores of BIM application areas.

Application area Score
N1 0.82
N2 0.83
N3 0.84
N4 0.78
N5 0.82
N6 0.83
N7 0.81
N8 0.79
N9 0.85
N10 0.84
N11 0.82
N12 0.82
N13 0.76
N14 0.78
N15 0.78
N16 0.75
N17 0.78
N18 0.76
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related to urban rail transit development, as these applica-
tions require a large number of sensors and storage
equipment in order to achieve some complex operations and
maintenance in developed urban rail transit. In addition,
notification of facility running information, spare part
management, plan management, and simulation of facility
condition are mainly based on the experience of FM staff in
urban rail transit; therefore, they are positively related to the
level of urban development.

,e trialability and observability scores of each BIM
application area are shown in Tables 9 and 10. Among them,
spare part management has the highest score in trialability,
backup and storage of BIM data has the highest score in
observability, and visualization of subsidence monitoring
has the lowest score in both attributes.

,e attribute scores of these BIM application areas are
not all related to the development level of urban rail transit,
and the adoption of some application areas in urban rail
transit with less developed level has its own advantages. At
the same time, high application cost, difficult update of the
existing business system, and difficult operation of the fa-
cilities and equipment are the main obstacles to the adoption
of these BIM application areas. Judging from the data in five
tables, there is a certain correlation among these five at-
tributes, so this research will verify their relationship and
then propose improvements about adopting these BIM
application areas.

3.5. )e Relationship Analysis of Each Attribute. In order to
characterize the relationship among different innovation
adoption attributes, correlation analysis was used first (see
Table 11). It revealed that the attributes of relative advantage,
trialability, and observability are strongly correlated.

,rough the respondents’ interviews and earlier literature
reviews, some scholars found that the three main attributes,
relative advantage, compatibility, and ease of use, can affect
the adoption behavior. Furthermore, as comparative ad-
vantage is the most important attribute, trialability and
observability will directly affect relative advantage, which
explains the results of the correlation analysis [63]. ,ere-
fore, for improving the adoption of these BIM application
areas, it is necessary to analyze the relative advantages,
compatibility, and ease of use of these application areas and
then propose improvement strategies.

,is paper then uses the four-quadrant rule to further
study the relationship among these three attributes and
proposes improvements for the application areas of the
second and fourth quadrants. ,ere are many ways to set the
origin of coordinates. For this study, these attribute scores
show a nonnormal distribution, so the median value is used
as the coordinate origin [64]. 18 areas are then classified into
four quadrants, shown in Figures 1 and 2. Most application
areas are located in the first and third quadrants. ,e first
quadrant represents the higher priority of application area
adoption, the third quadrant represents the application area
that is hard to adopt, while the application areas in the
second and fourth quadrants can be improved by technology
and management methods.

,e relationship between the relative advantage and
compatibility of the application areas is shown in Figure 1,
where the x-axis represents the relative advantage, the y-axis
represents the compatibility, and the origin of the coordi-
nates is (4.23, 3.82). Facility asset management and spare
part management are located in the fourth quadrant, in-
dicating that their compatibility is insufficient. ,rough
literature and interview research, two ways to improve
compatibility were proposed. Firstly, in the future, new

Table 7: ,e compatibility score of each BIM application area.

Compatibility N1 N2 N3 N4 N5 N6 N7 N8 N9 N10 N11 N12 N13 N14 N15 N16 N17 N18
More than 10 0.81 0.80 0.83 0.69 0.68 0.73 0.73 0.82 0.82 0.79 0.72 0.85 0.76 0.70 0.78 0.69 0.75 0.74
1–10 0.78 0.75 0.72 0.79 0.74 0.79 0.78 0.74 0.75 0.74 0.80 0.74 0.72 0.75 0.76 0.78 0.76 0.77
Under construction 0.73 0.79 0.83 0.79 0.75 0.76 0.79 0.73 0.81 0.80 0.80 0.80 0.79 0.76 0.81 0.79 0.76 0.79
Mean 0.77 0.78 0.80 0.74 0.72 0.75 0.76 0.77 0.80 0.78 0.77 0.81 0.76 0.73 0.79 0.74 0.76 0.76

Table 8: ,e ease of use score of each BIM application area.

Ease of use N1 N2 N3 N4 N5 N6 N7 N8 N9 N10 N11 N12 N13 N14 N15 N16 N17 N18
More than 10 0.82 0.94 0.89 0.72 0.82 0.87 0.84 0.84 0.91 0.88 0.83 0.90 0.80 0.90 0.82 0.78 0.79 0.77
1–10 0.82 0.68 0.87 0.77 0.90 0.82 0.86 0.82 0.77 0.88 0.82 0.80 0.80 0.76 0.82 0.80 0.83 0.76
Under construction 0.74 0.80 0.80 0.85 0.80 0.81 0.81 0.79 0.84 0.83 0.85 0.79 0.83 0.81 0.81 0.81 0.80 0.76
Mean 0.79 0.83 0.85 0.77 0.83 0.84 0.83 0.82 0.85 0.86 0.83 0.84 0.81 0.84 0.82 0.80 0.80 0.77

Table 6: ,e relative advantage score of each BIM application area.

Relative advantage N1 N2 N3 N4 N5 N6 N7 N8 N9 N10 N11 N12 N13 N14 N15 N16 N17 N18
More than 10 0.85 0.88 0.90 0.72 0.92 0.88 0.85 0.92 0.95 0.90 0.87 0.89 0.77 0.84 0.79 0.65 0.81 0.71
1–10 0.81 0.74 0.77 0.83 0.76 0.76 0.76 0.77 0.76 0.76 0.77 0.76 0.76 0.77 0.74 0.71 0.78 0.77
Under construction 0.89 0.90 0.89 0.91 0.89 0.89 0.88 0.81 0.86 0.89 0.85 0.85 0.84 0.85 0.86 0.81 0.83 0.80
Mean 0.85 0.86 0.87 0.81 0.87 0.87 0.84 0.82 0.89 0.87 0.85 0.85 0.78 0.83 0.80 0.72 0.80 0.76
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Table 9: ,e trialability score of each BIM application area.

Trialability N1 N2 N3 N4 N5 N6 N7 N8 N9 N10 N11 N12 N13 N14 N15 N16 N17 N18
More than 10 0.82 0.82 0.78 0.78 0.79 0.86 0.79 0.73 0.88 0.85 0.85 0.79 0.79 0.77 0.73 0.66 0.71 0.70
1–10 0.74 0.77 0.78 0.80 0.81 0.82 0.85 0.76 0.75 0.77 0.78 0.74 0.75 0.77 0.74 0.75 0.79 0.82
Under construction 0.80 0.81 0.86 0.81 0.84 0.84 0.80 0.78 0.84 0.86 0.83 0.84 0.83 0.81 0.81 0.80 0.83 0.76
Mean 0.80 0.80 0.81 0.80 0.81 0.84 0.80 0.75 0.83 0.83 0.83 0.80 0.79 0.78 0.76 0.73 0.77 0.74

Table 10: ,e observability score of each BIM application area.

Observability N1 N2 N3 N4 N5 N6 N7 N8 N9 N10 N11 N12 N13 N14 N15 N16 N17 N18
More than 10 0.87 0.88 0.87 0.70 0.82 0.88 0.80 0.76 0.93 0.84 0.85 0.82 0.74 0.81 0.83 0.68 0.80 0.78
1–10 0.81 0.82 0.77 0.79 0.84 0.78 0.79 0.87 0.87 0.79 0.84 0.81 0.74 0.80 0.74 0.70 0.75 0.76
Under construction 0.85 0.88 0.83 0.81 0.85 0.84 0.76 0.76 0.81 0.83 0.79 0.79 0.85 0.84 0.86 0.83 0.78 0.78
Mean 0.85 0.87 0.83 0.76 0.83 0.84 0.78 0.78 0.87 0.82 0.83 0.80 0.78 0.82 0.82 0.73 0.78 0.77

Table 11: ,e correlation analysis of five attributes.

Relative advantage Compatibility Ease of use Trialability Observability

Relative advantage Correlation coefficient 1
Significance .

Compatibility Correlation coefficient 0.241 1
Significance 0.17 .

Ease of use Correlation coefficient 0.393 0.306 1
Significance 0.1 0.085 .

Trialability Correlation coefficient 0.732 0.163 0.532 1
Significance 0 0.359 0.003 .

Observability Correlation coefficient 0.678 0.329 0.48 0.512 1
Significance 0 0.062 0.007 0.004 .
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Figure 1: ,e relationship between the relative advantage and compatibility of the application areas.
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facility equipment can be purchased to improve its hard-
ware. Secondly, unifying data standards can add interactivity
among systems to improve the compatibility. Plan man-
agement and simulation of passenger transport are located
in the second quadrant, which means their relative ad-
vantage is defective. For enhancing its relative advantage,
reducing costs and increasing benefits should be considered.
Apart from that, long-term observation of the application
effects of BIM is also helpful to improve relative advantage.

Figure 2 provides the relationship between the relative
advantage and ease of use of the areas, where the x-axis
represents the relative advantage and the y-axis is the ease of
use, and the origin of the coordinates is (4.23, 4.15). Facility
information query is located in the fourth quadrant, indi-
cating ease of use is insufficient. Enhancing system visibility,
such as optimizing the UI architecture, can improve its ease
of use. Simulation of operation condition is located in the
second quadrant, which is also due to insufficient relative
advantages, and the optimizationmethod is similar to that of
plan management and simulation of passenger transport in
Figure 1.

4. Conclusions

,is paper considers BIM to be a technological innovation
that alters the FM of urban rail transit in many profound
ways and analyzes the advantages and limitations of BIM in
urban rail transit operation and maintenance innovatively
and systematically. ,e primary aim of this study is to gain
deep understanding of BIM-FM in urban rail transit using
both theoretical and practical underpinnings and gain ef-
ficient operation and maintenance (O&M) in urban rail
transit. A total of 18 BIM application areas were identified
through a comprehensive literature review and a

semistructured interview. ,e five innovation diffusion at-
tributes were identified as the factors of application areas
and were further quantitatively analyzed based on a ques-
tionnaire survey.

Findings reveal that in the scores of these areas, the
relative advantage is higher than other attributes, mostly by
more than 4 points, which shows that these BIM application
areas have relatively obvious advantages and have the value
of promotion and practice compared with current facility
management methods. ,e compatibility score is relatively
low, mainly because BIM technology definitely changes the
existing management methods.

,en, in different attributes, the correlation analysis
between these areas and the development level of urban rail
transit was carried out. ,e study found that backup and
storage of BIM data, visualization of subsidence monitoring,
and thermal comfort and PM2.5 monitoring are all inversely
related to urban rail transit development in terms of relative
advantages, compatibility, and ease of use due to the fact
that, in developed urban rail transit, many sensors and fa-
cilities need to be assembled and the cost will increase
dramatically. Moreover, plan management is positively re-
lated to the development of urban rail transit in compati-
bility and ease of use because this area depends on staff
experience in urban rail transit. At the same time, it is found
that, by correlation analysis, the scores of trialability and
observability have significant correlations with that of rel-
ative advantage.

Finally, this study uses the four-quadrant analysis to
propose improvements to the BIM application areas.
Connection information inquiry among facilities, notifica-
tion of facility running information, intelligent production
management, cognition of facilities and equipment, training
of FM, simulation of facility conditions, and simulation of
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Figure 2: ,e relationship between the relative advantage and ease of use of the application areas.
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operation conditions are in the first quadrant that can be
adopted first in the operation and maintenance manage-
ment. ,e applications that need to be improved are mainly
divided into three categories. ,e areas that need to enhance
relative superiority include plan management, intelligent
management of vehicles, path management, simulation of
passenger transport, and thermal comfort, as well as PM2.5
monitoring. Meanwhile, facility asset management and
spare part management need to improve compatibility.
Furthermore, facility information query needs to improve its
ease of use. A poststudy interview was conducted to verify
the ways of improvement. ,e experts thought that these
areas can be improved by improving their hardware level,
increasing system interfaces, and increasing system visibility.

,is study shows that BIM has more application areas
worth studying than existing research in urban rail transit
facility management, and the application areas related to
facility equipment management are generally easier to
adopt. Because of the characteristics of urban rail transit,
relative advantages, compatibility, and ease of use are the
main factors affecting the adoption of BIM. Besides, the
adoption of BIM application areas is related to the devel-
opment level of urban rail transit, and it is necessary to give
priority to adopting different areas according to different
development levels. Compared with the existing research, it
considers the variables of the development level and analyzes
the application obstacles of BIM in urban rail transit facility
management more comprehensively. ,e present article
suggests that future study should focus on how to construct
the business system architecture in urban rail transit that
make BIM application areas better adopted. In addition, the
mechanism of innovation diffusion attributes for BIM
adoption should be studied to find a better implementation
path for BIM adoption.

,e research findings furnish the O&M stakeholders
with perspectives to better understand and analyze the BIM
application areas. Similar to any other opinion-based re-
search study, the approach used may be influenced by a
degree of subjectivity, bias, and imprecise definitions. In
addition, the number of responses in the groups of midlevel
cities (1–10 working lines) is relatively small. It may provide
a perception of overreliance on the other two group views.
However, the effects of these limitations can be further
reduced by taking a larger sample size in a future ques-
tionnaire survey.
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