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Abstract Building Information Modelling (BIM) was considered as an effective
management tool in improving construction project performance. However, the
research into the investment and return on BIM application in the context of the
Chinese construction industry is still very limited. Through literature review, the
cost factors and benefit indicators of BIM application in construction enterprises
were identified, and an evaluation framework of BIM application cost and benefit for
the construction enterprises was developed. The questionnaire survey was conducted
with 37 BIM professionals to determine the critical cost factors and benefit indica-
tors of BIM application in construction enterprises through the relative importance
index (RII) approach. The results indicate that personnel salary (0.707), hardware
cost associated with BIM software operation (0.680) and consulting service fee
(0.647) are critical cost factors for BIM application, whereas reduction of change
(0.847), improvement of design quality (0.847), and reduction of project rework
(0.820) are critical benefit indicators for BIM application. The research results
provide a theoretical basis for construction enterprises to formulateBIMdevelopment
strategies.
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1 Introduction

In recent years, the scale of construction projects has increased significantly, the
construction technology has become more and more sophisticated, and the require-
ments of construction projects have enhanced greatly. Therefore, an effective appli-
cation of BIM by construction enterprises can continuously optimize the efficiency,
maximize profits and minimize the construction costs. Since BIM provides the
latest, accurate and comprehensive engineering database, construction enterprises
can achieve a higher-level of collaboration with other project participants on BIM
platform, which can prevent the problems of traditional fragment project delivery
method. For example, in Jingdong Group Logistics Park construction project, during
the process of joint design review using BIM, 165 problems were found in the draw-
ings in advance and consequently design changes were proposed timely, which also
effectively prevented rework and saved the construction cost of RMB 680,000 [35].

To promote the wide application of BIM in Chinese construction industry, the
Ministry of Housing and Urban–Rural Development, and other departments contin-
uously issued relevant policies and standards. However, the application of BIM in
China is still very low with comparison to other developed countries. One of the
primary barriers is that the cost and benefit of BIM application is uncertain and
research in this area has been very limited. Additionally, existing research also
indicated that majority of benefits of applying BIM in construction project can be
achieved in the construction process. However, the investment and return on BIM
application from the perspective of construction enterprises is not fully explored,
which might restrict the wide application of BIM among these entities. Considering
BIM application can save cost, reduce project delivery time and improve quality,
promoting the application of BIM by Chinese construction enterprise can further
improve their competitive edge in the international construction market. Therefore,
this paper aims to identify the critical cost factors and benefit indicators of BIM
application from the perspective of construction enterprises.

2 BIM Application Cost and Benefit Evaluation Factors
Identification

To identify the BIM application cost and benefit factors for construction enterprises,
it is necessary to identify the cost and benefit indicators of BIM application through
comprehensive literature review. It was found that some research focus on analyzing
the cost and benefit components of BIM application and established an evaluation
system. For example, Sun [28] determined the BIM benefit evaluation system based
on the combination of literature review and BIM technology application content.
Using Delphi method and statistical analysis, five dimensions (finance, product,
organization, management and strategy) with 17 factors of BIM application benefit
evaluation systemwas developedwhich included return on investment, reduction rate
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of project time, and qualified rate of product. However, no research was conducted
on the evaluation of BIM application cost or benefit from the perspective of Chinese
construction enterprises.

In the literature review process, 14 publications related to the cost of application
BIMwere identified. Ahn et al. [1] pointed out that the cost of applying BIM includes
BIM software cost and BIM manager salary, which is 0.75–1.5% of the project
cost. Xie et al. [33] used literature review method to identify the cost components
of BIM application from the perspective of the whole project life cycle, including
software cost, hardware cost, labor cost and other costs, and used the DEMATEL
method to identify the key cost influencing factors of BIM application, such as
market development condition, knowledge sharing, relationship between software,
capability maturity model for software, and policy suitability. A total of 8 cost factors
of BIM application were accumulated. The cost of BIM application in construction
enterprises can be divided into two categories: direct cost (e.g., Giel and Issa [7],
Malkin [23], Tan and Guo [29], Wang et al. [30]) and indirect cost [15, 16, 23, 36].
Direct costs are tangible costs that can be measured in currency. The direct costs of
BIM application in construction enterprises mainly include the cost of purchasing
BIM hardware and software (e.g., Giel and Issa [7], Malkin [23], Tan and Guo [29],
Wang et al. [30], Zhao andYuan [38]), the cost of consulting (e.g.,Malkin [23],Wang
et al. [30], Yuan [36], Zhao and Yuan [38]) and training (e.g., Giel and Issa [7], Li
[15, 16],Malkin [23],Wang et al. [30], Zhao andYuan [38]), and the personnel salary
(e.g., Gie and Issa [7], Malkin [23]; Wang et al. [30], Xie et al. [33], Zhao and Yuan
[38]). And the indirect costs mainly refer to the costs brought by the introduction of
BIM technology by construction enterprises, such as opportunity cost (e.g., Li [15,
16], Ma et al. [22], Malkin [23], Yuan [36]), coordination cost (e.g., Chen [5]) and
marketing cost (e.g., Chen [5]).

In addition, the benefit generated through BIM application for construction enter-
prises can also be divided into direct benefit and indirect benefit. Direct benefit
includes economic benefit (e.g., Bai et al. [2], Barlish and Sullivan [3], Giel and Issa
[7], Jin et al. [12], Nepal et al. [24], Song et al. [27], Wang et al. [30]) and product
benefit (e.g., Bai et al. [2], Giel and Issa [7], Jin et al. [12], Li [14, 17], Song et al.
[27], Tan and Guo [29], Xu [34]), and indirect benefit includes management benefit
(e.g., Bryde et al. [4], Li et al. [20], Luo et al. [21], Han et al. [8], Rao [25], Sun
[28]), organizational benefit (e.g., Barlish and Sullivan [3], Han et al. [8], Luo et al.
[21], Nepal et al. [24], Shen et al. [26], Wu [31]) and strategic benefit (e.g., Bryde
et al. [4], Jin et al. [12], Li et al. [19], Han et al. [8], Rao [25], Wu [31], Xu [34]).
Huang et al. [11] investigated 204 projects in Singapore and found that the rework
rate in projects with BIM application was lower than those projects where BIM is
not applied. Furthermore, 64% of the construction projects without applying BIM
had rework, while only 46% of the construction projects applying BIM had rework.
Huang [9] established the model of engineering cost management based on large
amount of BIM application data, aiming to analyze the competition in bidding stage,
optimize the bidding scheme, improve the competitive edge of enterprises, simu-
late construction in construction stage, reduce change and control construction cost,
and realize the benefit of BIM applications. Based on the above literature review
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Table 1 Overall sample analysis of the importance of BIM application cost factors

Cost factors Mean Std RII Ranking

Direct cost Hardware cost associated with BIM software
operation C1

3.460 0.931 0.686 2

Hardware cost related to assisting BIM
application C2

3.027 0.957 0.584 8

Software cost C3 3.324 0.747 0.632 4

Personnel salary C4 3.514 0.961 0.708 1

Training cost C5 2.973 0.866 0.600 6

Consulting service fee C6 3.081 0.954 0.638 3

Indirect cost Opportunity cost C7 3.081 0.924 0.622 5

Coordination cost C8 3.054 0.848 0.589 7

Marketing cost C9 2.865 0.855 0.551 9

results, this paper constructed the benefit index framework of BIM application in
construction enterprises (see Tables 1 and 2).

3 Data Collection and Analysis

3.1 Data Collection

Based on critical literature review, a draft of questionnaire was designed and
presented to experienced BIM construction professionals for pilot survey. The final-
ized questionnaire includes three sections. The first section solicits the respondent
demographic information, including gender, age, and education background. The
second and third sections asked the respondents to assess the importance of each
factor (using five-point Likert scale, in which “1” means “totally disagree” and “5”
means “totally agree”) relating to BIM application cost and benefit, which is derived
from literature review results.

Due to the impact of the outbreak of Coronavirus epidemic in 2020, the question-
naire was primarily distributed and collected through online approach. Fifty-seven
questionnaires were administrated to BIM professionals in construction enterprises
and 43 were returned, which produced 37 valid questionnaires (with a valid rate of
86.05%). Among the respondents, 86.49% were male, close 90% had undergraduate
or above education experience, close 65% of them had more than one years’ working
experience in the construction industry and over 50% of them had been working on
more than three projects using BIM.
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Table 2 Overall sample analysis of the importance of BIM application benefit indicators

Benefit indicators Mean Std RII Ranking

Economic benefit Reducing construction costs B1 3.892 0.809 0.784 7

Product benefit Improving quality of design B2 4.081 0.759 0.838 2

Reducing the number of changes
B3

4.243 0.683 0.859 1

Reducing rework on projects B4 4.135 0.713 0.838 2

Saving project delivery time B5 3.649 0.824 0.741 11

Improving the quality of
projects B6

3.703 0.777 0.735 12

Improving the safety level of
projects B7

3.541 0.900 0.697 13

Management benefit Reducing project risk B8 3.757 0.723 0.762 10

Enhancing the integration
between different disciplines in
the company B9

3.946 0.743 0.795 5

Enhancing the cooperation
between different stakeholders
B10

3.784 0.886 0.762 10

Improving communication
efficiency B11

3.946 0.780 0.800 4

Improving the efficiency of
work B12

3.892 0.567 0.784 7

Improving the accuracy of
quantity takeoff B13

3.838 0.800 0.773 8

Reducing the number of claims
B14

3.378 0.893 0.697 13

Reducing the number of
disputes B15

3.784 0.750 0.762 10

Reducing operation and
maintenance cost B16

3.676 0.852 0.746 15

Improving operation and
maintenance efficiency B17

3.811 0.660 0.768 9

Organizational benefit Improving the efficiency of
manpower use B18

3.378 0.953 0.670 14

Improving the ability and
quality of employees B19

3.730 0.962 0.768 9

Strategic benefit Improving the company’s
competitive advantage B20

4.162 0.800 0.832 3

Improving customer satisfaction
B21

3.892 0.774 0.789 6
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3.2 Reliability Test

The Cronbach’s alpha is generally employed to assess the consistency of different
indexes in the same dimension. According to the above standards, this paper used
SPSS22.0 software to analyze the reliability of the cost factors and benefit indicators
of the application BIM of the construction enterprises in the questionnaire data,
respectively. The Cronbach’s alpha values of cost factors and benefit indicators are
0.703 and 0.913, respectively, which indicates that the stability and reliability of
questionnaire data over the threshold for further analysis [32].

3.3 Analysis on the Relative Importance of BIM Application
Cost Factors and Benefit Indicators

According to Jin et al. [12], relative importance index (RII) was adopted in this
paper to measure the magnitude of the cost factors and benefit indicators of BIM
application. Ranging from 0 to 1, the RII value is calculated with Eq. (1).

RII =
∑

w

A × N
(1)

where, W represents the Likert score (numerical values from 1 to 5) selected by each
respondent in the questionnaire. A represents the highest score for each item (A is 5
in this survey), and N represents the number of valid questionnaires. The higher the
RII value of a factor or indicator, the higher its importance for particular factor or
indicator.

3.3.1 Analysis on the Relative Importance of BIM Application Cost
Factors

RII was used to collate the importance of each direct cost factor and indirect cost
factor based on the perspective from respondents. The results were shown in Table
1.

In order to understand whether the respondents with different demographic
features (gender, age and educational background) have different perceptions on
the importance of cost factors, two sample t-test or analysis of variance (ANOVA)
was conducted to different groups of respondents. And the results found that all p
values are higher than 0.05, indicating that survey participants have similar views on
the importance of BIM application cost factors, regardless of their gender, age and
educational background.
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From Table 2, it can be seen that the critical cost factors of BIM application for
construction enterprises are personnel salary, hardware cost associated with BIM
software operation, and consulting service fee.

(1) Personnel Salary
For a single BIM application construction project, the salary of personnel
shall be based on the time to hire BIM engineers in the whole project cycle.
According to 51job.com, BIM engineer’s salary range is 6000–15,000 Yuan
per month. If the construction enterprise subcontracts the BIM application
package of the construction project to a BIM consulting firm, the contract
amount should be considered as the salary of personnel. Currently, in order
to fully apply BIM in their construction projects, some Chinese construction
enterprises have recruited a large number ofBIMprofessionals, and established
an independent BIM application department, including managers, software
developers and so on [14]. In this case, the personnel salary will be much
higher with comparison to single application.

(2) Hardware Cost Associated with BIM Software Operation
Hardware cost associated with BIM software operation includes the cost of
purchasing hardware/equipment such as computers, storage servers or work-
stations used by BIM engineers. BIM technology has a high requirement for
computer hardware standard, and sometimes the existing computers at the
construction enterprises cannot meet the requirements of efficient use of BIM
software. Procurement of necessary computers and virtual equipment is a large
initial investment for construction enterprises in this type of hardware cost [6].

(3) Consulting Service Fee
As mentioned above, sometimes the BIM application work is outsourced by
construction enterprises to a BIM consulting company through bidding, if they
do not have in-house BIM talents. For some construction enterprises, they
prefer to develop their own BIM team and consider BIM as their long-term
development goal. In this case, theymay also need the professional service from
BIM consulting company for training. In the long run, construction enterprise
should follow this later strategy for BIM application, since outsourcing BIM
services to other consultants will increase their costs significantly when their
business is booming [14].

According to the survey report of Dodge Data & Analytics (2015), construction
enterprises invest most of the BIM cost through promotion incentive mechanism
(20% of the budget for BIM application) to encourage employees to use BIM, and
this part of cost can be considered as personnel salary. This investigation result is
also similar to current research which highlights the importance of personnel cost in
applying BIM in Chinese construction enterprises.
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3.3.2 Analysis on the Relative Importance of BIM Application Benefit
Indicators

Similar to the cost analysis, the results RII about BIM application benefit are shown
in Table 2.

Similarly, two sample t-test or ANOVA was conducted to different groups of
respondents. And the results indicated that survey participants have a similar view
on the importance of BIM application benefit indicators, regardless of their gender,
age and educational background.

FromTable 2, it can be found that the critical benefit indicators of BIM application
in construction enterprises are reduction of change (0.847), improvement of design
quality (0.847), and reduction of project rework (0.820).

(1) Reduction of change
Before construction, BIM can be used to carry out the clash detection among
various disciplines and to optimize the drawings. Since majority of changes
are design oriented, and as a result the changes can be reduced because design
error or omission is prevented through applying BIM in the design process
[31]. In addition, BIM can be used to simulate the construction of project, and
in this process, the construction methods can be verified and communication
between different stakeholders can be improved. These will also lead to less
changes to the site construction.

(2) Improvement of design quality
As mentioned above, the integration of design from different disciplines can
be achieved through using BIM technology in the design process. This enables
the design team to detect design errors and omissions which cannot be effec-
tively implemented in the traditional design process [7]. In addition, the design
team member can get timely information about the change of design from
other designers or other participants (e.g., subcontractors) and make revision
accordingly. BIM can also facilitate designers carrying out design performance
analysis to optimize the design, such as saving energy during the life cycle of
project construction and operation. All these can improve the design quality
with the assistance of BIM application.

(3) Reduction of project rework
Huang et al. [10] claimed that the rework of the construction project is due to
the owner’s changes to the contract content, design and procurement errors,
suppliers’ errors, changes and omissions in materials, machinery, manufac-
turing and transportation, construction enterprises’ conflicts or inappropriate
cooperation with the subcontractors and other factors. Construction enterprises
can use BIM to verify the drawings from the client and detect quality problems
before construction, which will significantly reduce rework in construction
projects.

Kaner et al. [13] found that through applyingBIM in the projects the design quality
of construction projects was significantly improved for error-free drawings, and the
labor productivity was steadily improved. These research results are similar to the
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findings of current paper. However, Bryde et al. [4] concluded that themost influential
benefit of BIM application was cost control (60%), followed by communication and
project time (27%). This is contradictory to current research which indicated that the
most critical benefits through BIM application were strategic benefit, product benefit
and economic benefit.

4 Conclusion

Building Information Modelling (BIM) was considered as an effective management
tool in improving construction project performance. However, the research into the
investment and return on BIM application from the perspective of Chinese construc-
tion enterprises is scant. Understanding the actual cost and benefit of BIMapplication
is a precondition of adoptingBIM in their business. This paper aims to identify critical
factors influencing the cost and benefit of BIM application in the Chinese construc-
tion industry. Questionnaire survey to BIM professionals was conducted to gather
their insights and statistical analysis was followed to obtain research results. It was
found that personnel salary (0.707), hardware cost associated with BIM software
operation (0.680) and consulting service fee (0.647) are critical cost factors for BIM
application, whereas reduction of change (0.847), improvement of design quality
(0.847), and reduction of project rework (0.820) are critical benefit indicators for
BIM application. In addition, construction professionals with different demographic
features share similar perceptions about the importance of cost and benefit factors.
Cost and benefit frameworks were also developed according to the data analysis
results.

The BIM application cost and benefit evaluation system constructed in this paper
can enable construction enterprises to comprehensively calculate the investments
and returns of BIM application in actual construction projects, which will be helpful
for them to formulate effective policies for their business operation. In addition, the
researchers in this field can embark on future study about the cost and benefit of
BIM application from the perspectives of other stakeholders. Due to the outbreak of
Coronavirus epidemic and less availability of BIM professionals with comparison to
other research topic in construction management field (e.g., risk management), only
37 valid responses were gathered for data analysis. Similarly, Zhang’s [37] research
in PPP also used 46 valid survey response for statistical analysis. Considering this,
the research findings of this paper are valuable for researchers and practitioners
understanding more comprehensively about the cost and benefit of BIM application
in Chinese construction enterprises.
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