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Although the realization of building informationmodeling (BIM) performance is the basis for the generation of user’s satisfaction,
few studies have explored the influence path between BIM performance and BIM user’s satisfaction in recent years. /erefore, to
enrich the research results of BIM user’s satisfaction and provide reference schemes for engineering practice, this study adopts the
fsQCA (fuzzy-set qualitative comparative analysis) method, taking 39 project cases using BIM technology as the base sample to
analyze the influence path between BIM performance and user’s satisfaction. Moreover, this study is based on the configuration
theory, examining four elements of BIM performance: BIM accuracy, information integration, functional advantages and
manager support, and the complexity of the project. Finally, this study identifies three types of configuration results: performance
type, support type, and comprehensive type. /e performance type can achieve high user satisfaction in relatively complex
projects; the support type requires executive support to improve user satisfaction in less complex projects, and the comprehensive
type improves satisfaction through multiple BIM performances without considering project complexity.

1. Introduction

Relying on potential advantages such as maximizing effi-
ciency and minimizing error, building information mod-
eling (BIM) has been extensively practiced in many fields of
engineering projects [1]. In practical engineering projects,
the most commonly used BIM functions include project cost
estimation, design constructability improvement, con-
struction schedule and quality monitoring, equipment op-
eration tracking, and sustainability analysis [2, 3]. At the
same time, government departments are gradually releasing
various documents related to the implementation of BIM,
including guidance opinions, implementation routes, and
operation instructions [4, 5]. /is requires further large-
scale projects to consider the application of BIM technology
to improve project construction efficiency. BIM technology
has been widely recognized in the civil engineering field
because of its advantages; however, it has inevitable defects

in its practical application, such as a large gap between the
actual application effect and the potential advantages, which
causes decision-makers to doubt the actual service effects of
BIM technology [6]. According to the Smart Market re-
search report, more than 55% of design and construction
companies do not believe that BIM can achieve the most
basic return on investment, and only 25% of design com-
panies believe that BIM has created satisfactory value [7].
/erefore, the improvement of user’s satisfaction with BIM
has become a major issue in this field.

Extensive researches have shown that BIM performance
associates with user’s satisfaction. On the one hand, the
integration of information in creation, sharing, utilization,
and management can increase the stickiness of BIM users
and the high-quality functions provided by the BIM system
enhance user’s experience [8]. On the other hand, the
complexity of BIM function and the inherent thinking that
input costs and benefits are unbalanced from traditional
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owners makes a negative relationship between BIM per-
formance and user’s satisfaction [9–11]. It is not uncommon
that most previous researches attempted to navigate the
tension between BIM user’s satisfaction and BIM perfor-
mance by considering a certain factor or a certain category of
factors [8, 12, 13]. However, these studies underplay that
satisfaction is the sum of positive or negative reactions held
under the interaction of multiple factors [14] and do not
systematically analyze the combinations of different factors,
let alone the impact of external factors which cause BIM
performance to fail even though doing so would provide
ways to positively impact user satisfaction. In addition,
project complexity as one of the most representative project
characteristics that moderates the relationship betweenmost
independent variables and satisfaction is still neglected by
existing studies, especially when discussing BIM perfor-
mance and user’s satisfaction [15]. To address this research
gap, this study adopts a configurational perspective which
has proposed that the core strategy focuses on how to
achieve the optimal output value by matching structure,
elements, and externalities [16] to investigate how BIM
performance influences user’s satisfaction.

Based on the above, the fuzzy-set qualitative comparative
analysis (fsQCA) method is employed in this study. With a
data set of 39 engineering project cases using BIM tech-
nology, this study discusses the impact of different di-
mensions of BIM performance on user’s satisfaction,
depending on the degree of project complexity. Moreover,
this study identifies four impact paths toward high BIM
user’s satisfaction, and three configuration types that lead to
high user’s satisfaction. /is research contributes to the
relevant literature in several ways and also has practical
significance for both owner and contractor in terms of
improving BIM user’s satisfaction.

2. Literature Review and Research Propositions

2.1. BIM Performance. Although users in the BIM market
may have subtle understanding biases due to different usage
patterns, there are signs that BIM tools and processes are
approaching a tipping point in most market players [17]. For
example, the Chinese market released unified standards for
the application of building information models in 2017 [18].
International markets, including the United Kingdom and
the United States, have also standardized the use of quan-
titative indicators for three-dimensional models of engi-
neering activities./e progress of the BIMmarket makes the
concept of BIM performance, which is used to evaluate BIM
tools and application effects, gradually recognized and
stable. Succar et al. [19] argued that BIM performance in-
cludes five basic elements: capability stage (to describe the
different levels of the following four elements in different
project stages), maturity, capability set, organizational scale,
and geometric precision.

Existing research has further integrated and refined the
composition of BIM performance. Liao and Teo [20] have
stated that the accuracy and functional advantages of BIM
are basic guarantees of its successful application in practical
engineering. Among them, “accuracy of BIM” is named after

the combination of maturity and geometric accuracy be-
cause they are similar in evaluation bases [21]. “Functional
advantages” refers to the effects arising from the capability
set of BIM technology [22]. However, some studies have
indicated that the limitation of additional input and inef-
fective cooperation between participants are important
obstacles hindering the implementation of BIM. Zheng et al.
[23] have stated that the support of senior management can
provide the human and material resources needed for
product innovation so as to further improve the success rate
of innovation. Although the initial BIM performance did not
specify the element of manager support, the evaluation of
organizational performance was mostly based on the sup-
port of the manager [24]. In addition, Mahamadu et al. [25]
have added “information integration” to the evaluation
index of BIM performance, which includes timely infor-
mation transmission and integrity of content and format.
Zheng et al. [23] have argued that the evaluation of each
capability stage of BIM performance requires the integration
of information as an important indicator.

In summary, when analyzing the impact of BIM per-
formance on user’s satisfaction, this study defines the
concept as the evaluation framework of BIM use effect,
including four elements: BIM accuracy, information inte-
gration, functional advantages, and manager support.

2.2. Project Complexity. /e definition of complexity in
different research fields is not uniform. As described by
Anderson [26], there is no uniform and recognized defi-
nition of complexity in the study of complex systems because
of its complexity. Despite the inherent difficulties and dif-
ferences in definitions of complexity, there are elements of
structure, dynamics, and interaction in the accepted defi-
nition criteria [27]. Project complexity can be measured
according to the TOE theory, that is, technical latitude,
organizational latitude, and environmental latitude [28].
However, recent studies have found that with the prolif-
eration of information integration in projects, it is clear that
these three dimensions cannot cope with “complex” de-
mands. On this basis, He et al. [29] outlined that the
structure, dynamics, and interaction standards of project
complexity can be further reflected in six dimensions: in-
formation complexity, task complexity, technical com-
plexity, organizational complexity, environmental
complexity, and target complexity, and gave corresponding
measurement items for each dimension. Following this, the
current study takes six dimensions of project complexity as
the measurement basis to measure project complexity in a
more objective and detailed manner.

In configuration theory, the difference in configuration
comes from different external circumstances. For engi-
neering projects, project complexity determines most of the
external environmental factors and influences project
management and important decisions in project manage-
ment [30]. /e more complex the project, the greater the
potential risk, and the higher the matchingmanager’s ability.
All these factors will affect user’s satisfaction [31, 32]. Some
recent studies have also suggested that BIM performance will
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produce different degrees of satisfaction in projects of dif-
ferent complexity [33–35]. For example, Hong et al. [33]
have adopted two sets of structural equation models and
found that the difference in project complexity led to a
change in the relationship between BIM execution quality
and execution intention. Based on this, this study sets project
complexity as an important option in the portfolio path that
affects BIM user’s satisfaction.

2.3. BIMUser’s Satisfaction. /ere is an extensive difference
between BIM user’s satisfaction and project satisfaction.
Usually, project satisfaction is directly related to project
success with cost, time, and quality as evaluation indicators
[36]. However, for BIM application, even if the executor
completes all the contents stipulated in the contract, the
owner may think that BIM has not achieved the expected
effect or reached a satisfactory standard [10]. BIM tech-
nology emphasizes the importance of information, while
BIM user’s satisfaction emphasizes user’s emotional and
cognitive evaluation of the entire user experience [4].
Subsequent research has considered the concept of the
environment. /at is, this “evaluation” is the sum of the
attitudes or perceptions given to different environments
[15]. Clearly, the measure of satisfaction depends on the
goals set by the owner, which need to be confirmed by the
experience. Although the owners may perceive goals dif-
ferently, researchers agree that the implementation effect
and the implementation condition (environment) are the
two basic goals. Subsequently, Ma et al. [13] have also
adopted the above method to analyze the behavior choice
after the use of BIM under different satisfaction levels. In this
context, this study takes the implementation effect and
implementation conditions as the basic principles for
evaluating BIM user’s satisfaction and confirms them in
combination with the experience of the owners.

2.4. Research Propositions. Extant research in the field of
BIM user’s satisfaction has stressed the significance of BIM
performance and project complexity [8, 19, 31, 32]. Nev-
ertheless, previous studies indicated the mixed impact of
BIM performance on BIM user’s satisfaction [8, 13, 19]. To
this end, in order to explain and better understand BIM
user’s satisfaction in engineering projects, a configuration
analysis of factors is more appropriate than only an in-
vestigation of individual causal factors. As demonstrated in
Figure 1, this study constructs a complex causal relationship
model between BIM performance, project complexity, and
BIM user’s satisfaction.

Configuration theory incorporates the principle of
equifinality, based on which the outcome of interest can
equally be explained by alternative sets of causal conditions
that combine in sufficient configurations for the outcome
[37, 38]. BIM performance and project complexity are
fundamental causal conditions to explain BIM user’s sat-
isfaction in engineering projects. For instance, Song et al. [8]
have shown that the integration of information in creation,
sharing, utilization, and management increased the sticki-
ness of BIM users and that the high-quality functions

provided by the BIM system enhanced user experience. Yet,
Bryde et al. [9] find that BIM performance negatively affects
user’s satisfaction due to the complexity of BIM functions.
Hence, configurations may include combinations of dif-
ferent dimensions of BIM performance, leading to the
following proposition.

Proposition 1. No single best configuration of different di-
mensions of BIM performance leads to high BIM user’s sat-
isfaction, but there exist multiple, equally effective
configurations of causal factors.

Configuration theory further proposes the occurrence of
causal asymmetry, which means that, for an outcome to
occur, the presence and absence of a causal condition de-
pend on how this causal condition combines with one or
more other causal conditions [38, 39]. For instance, since
BIM performance have a mixed impact on BIM user’s
satisfaction [8, 9], high user’s satisfaction may be achieved
with high BIM performance and low complexity. Moreover,
project complexity determines most of the external envi-
ronmental factors and influences project management and
important decisions in project management [30]. /e more
complex the project, the greater the potential risk, and the
higher the matching manager’s ability. /erefore, project
complexity moderates the relationship between most in-
dependent variables and satisfaction, especially when dis-
cussing BIM performance and user’s satisfaction [15]. /us,
this study puts forth the following propositions.

Proposition 2. Single causal condition may be present or
absent within configurations for high BIM user’s satisfaction,
depending on how they combine with the degree of project
complexity.

Proposition 3. Configurations that lead to high BIM user’s
satisfaction will require the presence of at least one dimension
of BIM performance.

3. Research Design

3.1.DataCollection. Between December 2017 and June 2019,
the research team visited 87 engineering projects in China
that applied BIM technology, including applications of BIM
modeling, information integration, and other functions. By
collating and analyzing project data, the projects that cannot
provide sufficient qualitative materials used to evaluate
performance, such as project contract, description of the
implementation of BIM, BIMmodel, the general situation of
the detailed project, feasibility study report, construction
drawings, meeting materials, and written reports, were ex-
cluded. To this end, this study limited the scope of samples to
39 projects that can effectively describe BIM performance,
project complexity, and user’s satisfaction. For each project,
at least five individuals participated in BIM management
staff interviews. /rough the interviews with BIM users of
these projects, user’s satisfaction could be clearly and ac-
curately gauged. /e background information of projects
and participants are demonstrated in Table 1.
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3.2. Research Method: Fuzzy-Set Qualitative Comparative
Analysis (fsQCA). /e research design considers the inter-
dependencies between BIM performance and project
complexity by exploring how their combined impact is
linked to user’s satisfaction. While a structural equation
model can verify the existence of relationships and their
effects on each other, it is impossible to determine the
various combinations of elements. Here, the determination
of configuration can be regarded as the category of quali-
tative research, and qualitative comparative analysis (QCA)
is considered to be an effective configuration research
method in many fields such as management, political

economy, and media [40]. QCA has three main variations:
crisp set QCA (csQCA), multivalue QCA (mvQCA), and
fuzzy-set QCA (fsQCA). /e first variation of QCA is
csQCA which is a tool created to deal with complex sets of
binary data [41]. An extension of QCA is mvQCA, which
treats variables as multivalued instead of dichotomous [42].
And it has remained underutilized compared to the other
two variations of QCA (csQCA and fsQCA) [42]. FsQCA
addresses an important limitation of csQCA, the fact that
variables are binary, thus restricting the analysis as it cannot
fully capture the complexity in cases that naturally vary by
level or degree [43, 44]. /is restriction of csQCA is likely an

Table 1: Project and participant background information of selected 39 projects.

Background information Number Proportion (%)

Project
Information

Project type

Stadium 6 15.4
Airport 2 5.1
Subway 3 7.7

Sewage treatment plant 5 12.8
Dwelling house 18 46.2

Hospital 5 12.8

Region

North China 6 15.4
East China 19 48.7

Southwest China 3 7.7
South Central China 11 28.2

Investment (yuan)
≤5 billion 11 28.2
5–10 billion 21 53.8
>10 billion 7 17.9

Participant information

Position

Senior engineer 106 52.7
Manager 62 30.8
Director 28 13.9
CEO 5 2.5

Education

Under bachelor 55 27.4
Bachelor 121 60.2
Master 23 11.4
Doctor 2 1.0

Work experience
1–5 years 65 32.3
5–10 years 99 49.3
>10 years 37 18.4

Gender Male 183 91.0
Female 18 9.0

Accuracy of BIM
(ACC)

Information integration
(INF)

Functional advantages
(ADV)

Manager support
(TMS)

Project complexity
(PCO)

BIM user satisfaction
(BUS)

BIM performance

Configurations

Figure 1: Research model.
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important reason that QCA has not been widely adopted in
multiple contexts. FsQCA extends csQCA by integrating
fuzzy sets and fuzzy-logic principles with QCA principles
[43, 44], which offers a more realistic approach since var-
iables can get all the values within the range of 0–1. FsQCA is
able to overcome several limitations of both csQCA and
mvQCA and has received increased attention recently
[37, 38], because, when applied together with complexity
theory, it provides the opportunity to gain deeper and richer
insight into data. As mentioned above, and considering
Mendel and Korjani’s [45] choice of research methods, the
fsQCA is selected as the research method in this study.

/e implementation process of the research method
fsQCA used includes four steps [46]. (a) Building a matrix.
/e data of each index are obtained directly or indirectly
according to the qualitative material of each sample, and the
calibration is converted to a fuzzy score value of 0–1. /e
transformed fuzzy score is used to construct the sample
matrix, and each row of the matrix represents a configu-
ration. (b) Merging configuration. /is step identifies all the
logic that might be covered in this article by merging and
displaying the same configuration. (c) Minimizing the truth
table. Consistency processing is used to reduce the logical
possibility that the same configuration in the truth table
produces an opposite structure, and the result of truth table
minimization is shown. Furthermore, this result includes all
configurations and theoretical expectations for the impact
on BIM satisfaction. (d) Explaining and discussing the re-
sults of truth table minimization. /is step compares the
results with the actual situation of the case, explains the
reasons for the results, and analyzes their significance for
future reference.

3.3. Data Calibration and Matrix Construction. In this
section, the calibration process for the condition and out-
come variables and the criteria for calibration are described
in detail. /e condition variables include BIM performance
and project complexity. BIM performance has four di-
mensions, including accuracy of BIM, information inte-
gration, functional advantage, and manager support. Project
complexity refers to information complexity, task com-
plexity, technical complexity, organizational complexity,
environmental complexity, and target complexity. /e
outcome variable is BIM user’s satisfaction.

3.3.1. BIM Performance. /e constructs of BIM perfor-
mance in this study include the accuracy of BIM (ACC),
information integration (INF), functional advantage (ADV),
and manager support (TMS). /ese constructs are also the
conditional variables that determine user’s satisfaction.
Although the above four conditional variables all belong to
one latitude of BIM performance, there are differences in
how value is assigned to them. Among them, the accuracy
and information integration of BIM can be assigned by
analyzing the execution materials of project samples
according to the evaluation indexes set in the existing
studies. /e evaluation method of functional advantage is to
calibrate the score using cluster analysis. /e value

assignment method supported by the manager is the 0–1
mode, and the specific value assignment is shown in Table 2.
/e process of specific assignment and calibration is as
follows.

Accuracy of BIM (ACC). /is study adopts the research
method of Won and Lee [17]; that is, the accuracy of BIM is
assigned according to the deviation between the agreed
conditions of the contract and the records of the owner’s
demands in the meeting materials and the geometric ac-
curacy of the actual BIM model. /e results were divided
into four groups: 1: complete implementation, 0.67: basic
implementation, 0.33: partial implementation, and 0:
unimplemented.

Information Integration (INF). /e evaluation basis of
information integration is whether the information set can
provide information to project participants in a timely and
accurate manner. /is study uses the evaluation method of
this index to confirm the integration result of the BIMmodel
on the information communication between project par-
ticipants, namely, to search for the correct information
integrated by the BIM model in the corresponding state by
consulting the records of information exchanged between
project participants. According to the information inte-
gration of the 39 samples, the information integration de-
grees of the samples are divided into four groups: 1: available
at any time, 0.67: mostly available, 0.33: occasionally
available, and 0: almost impossible to provide.

Functional Advantage (ADV).Uhm et al. [47] have listed
several functions of current BIM technology, such as 3D
visualization, design optimization, supervision tracking, and
quality tracking. Bosch-Sijtsema et al. [48] have stated that
the quantitative evaluation of the indicators of functional
advantage mainly depends on the number of types of BIM
functional advantage realization. /erefore, this study
counts the number of functional advantages realized by each
sample and adopted the software SPSS.22 to conduct
clustering analysis, determining three intersection points:
2.25, 4.88, and 7.71. /e calibration results of functional
advantage are: 0: weak functional advantages (1–2.25), 0.33:
relatively weak functional advantages (2.26–4.88), 0.67:
relatively strong functional advantages (4.89–7.71), and 1:
strong functional advantages (7.72–9).

Managers Support (TMS). Generally, the concept of
manager support is expressed in terms of technology,
training, human and material resources, and other aspects
and is evaluated by quantifying the number of executives
supported. By analyzing the qualitative materials of 39
samples, this study finds that the number of managers who
support their team members is usually grouped in two
extreme situations: the support of only 30% or less of the top
leaders, and the not support of only 30% or less of the top
leaders./erefore, this study uses the form of 0–1 truth value
to evaluate the above two cases.

3.3.2. Project Complexity (PCO). /is study adopts 26 in-
dicators of six latitudes proposed by He et al. [29] to evaluate
the 39 samples and assign a value to their project complexity.
/e six latitudes refer to information complexity, task
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complexity, technical complexity, organizational complex-
ity, environmental complexity, and target complexity. To
ensure the accuracy of the assignment, more than 3 project
stakeholders were selected to verify the final score of the
project. As mentioned above, cluster analysis was used to
divide the scores of all samples into three intersection points:
8.38, 11.57, and 14.80. /us, the calibration values of the 39
samples were divided into four groups of project complexity:
0: low complexity (6–8.38), 0.33: relatively low complexity
(8.39–11.57), 0.67: relatively high complexity (11.58–14.80),
and 1: high complexity (14.81–15).

3.3.3. BIM User’s Satisfaction (BUS). Since users’ satisfac-
tion with BIMmostly depends on users’ working experience,
this study interviewed no less than 5 project managers for
each project when evaluating and analyzing the index of BIM
user satisfaction and assigning it a value. Scores were given
for the use environment, effect expectation, and satisfaction
of BIM. According to the cluster analysis, three points of
score intersection of the 39 items were obtained: 12, 15.54,
and 19.44. Furthermore, the BIM user satisfaction levels of
the 39 projects are divided into four calibration values: 0: low
satisfaction (12), 0.33: relatively low satisfaction
(12.01–15.54), 0.67: relatively high satisfaction (15.55–19.44),
and 1: high satisfaction (19.45–20). Criteria and assignment
of all variables are shown in Table 2.

4. Analysis and Results

4.1. Processing of Fuzzy-Set QCA. In this study, the software
fsQCA 3.0 is used for analyzing the fuzzy-set QCA including
the construction and minimization of the truth table. Firstly,
we sort the truth table by frequency and remove the low-
frequency configurations which threshold is 2, based on the
recommendation of Fiss [37]. Secondly, we sort the truth

table by consistency and remove the configuration which
threshold was set at 0.875 [49]. /is number is not only
much higher than the allowable minimum value of 0.75 but
also can identify the obvious difference in consistency, that
is, the difference between high and low satisfaction. /irdly,
we construct the truth table, which provides the basis for
minimization and the minimization results (as seen in Ta-
ble 3). /is table demonstrates configurations of different
BIM performance and project complexity which can pro-
duce satisfactory results for users. Also, based on the
abovementioned process, this study builds a separate set of
truth tables (Table 4) for low satisfaction to improve the
different configurations of user satisfaction and provides
supplementary evidence for the above existing
configurations.

4.2. Configuration Results. /is study aims to identify the
different impact paths of BIM performance on user’s sat-
isfaction under different project complexity conditions
through fuzzy-set QCA. According to the results of the truth
table, four different influence paths were identified. /ese
were further summarized into three types of configurations:
support, performance, and comprehensive.

As shown in Table 5, the consistency of configurations 1
and 2 in the performance type was 0.900 and 0.897, re-
spectively, while the net coverages were 0.442 and 0.426,
respectively. /at is, 44.2% and 43.6% of the samples for
configurations 1 and 2 can be explained by the performance
in the process of generating BIM user satisfaction, respec-
tively. /is indicates that when project complexity is high,
the accuracy and functional advantages of BIM (configu-
ration 1), information integration (configuration 2), and a
small amount of high-level support can produce high user
satisfaction. Support type (configuration 3) shows that when
project complexity is low, a large number of high-level

Table 2: Criteria and assignment of conditional and outcome variables.

Variable Judgment criteria Assignment Instructions

BIM
performance

Accuracy of BIM
(ACC)

/e geometric accuracy of the BIM model
meets the project requirements

Complete
implementation 1

ConditionsBasic implementation 0.67
Partial implementation 0.33

Unimplemented 0

Information
integration (INF) Useful and accurate information

Available at any time 1

Conditions
Mostly available 0.67

Occasionally available 0.33
Almost impossible to

provide 0

Functional
advantages (ADV)

Including, but not limited to, 3D visualization, design optimization,
supervision tracking, quality tracking, and other BIM functional

advantages
Calibration Conditions

Manager support
(TMS)

/e use of BIM is supported by most managers 1 Conditions/e use of BIM is supported by a small number of managers 0

Project complexity (PCO)
/e comprehensive score of information complexity, task complexity,

technology complexity, organization complexity, environment
complexity, and target complexity

Calibration Conditions

BIM user satisfaction (BUS) /e comprehensive score of the environment and implementation
effect Calibration Outcome
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supports match the accuracy of BIM and the integration of
information which can produce high user satisfaction. /e
consistency is 0.923, and the original coverage is 0.195. /at is,
the support type can explain 19.5%of the samples of satisfaction.
Configuration 3 suggests that, regardless of project complexity,
BIM accuracy, information integration, functional advantages,
and executive support will generate high user satisfaction. /e
total coverage of the above configurationwas 0.820, and the total
solution consistency was 0.926, indicating that the above con-
figuration represented 82.0% of the sample size.

/is study analyzes the positive impact of BIM perfor-
mance on user’s satisfaction and constructs a truth table
portraying the negative impact, which refers to the different
configurations of lower user satisfaction. As shown in Table 4,
in low complexity projects, the BIM performance lacking
project accuracy and information integration would produce
low satisfaction (∼ACC∗ ∼ ADV∗ ∼ PCO). In highly
complex projects, high accuracywith few functional advantages
leads to low satisfaction (∼ACC∗ ∼ INF∗ ∼ TMS). When
complexity is excluded, low accuracy, low information inte-
gration, and low executive support will cause low satisfaction.

5. Discussion

5.1. Research Findings. /is study proposes that in engi-
neering projects, BIM performance and project complexity
combine to form configurations for predicting BIM user’s
satisfaction. In this vein, a conceptual model is constructed
that servers as the basis to identify the abovementioned
configurations. /e results demonstrate that realization of
BIM performance is always the basic factor for the im-
provement of satisfaction. As shown by the comprehensive
type (configuration 4), without considering the complexity
of the project, the four elements of BIM performance
constitute the influence path of improving satisfaction. /e
results of the truth table do not show the configuration
where accuracy does not exist, indicating that the occurrence
of factors may require the adjustment or mediation of ac-
curacy to improve satisfaction. /is finding is consistent
with most research on BIM user’s satisfaction [8, 13].

Regarding project complexity, accuracy, integration, and
functional advantages are key factors in achieving satis-
faction in highly complex projects. Of importance in the

Table 3: Truth table minimization results for positive impact of BIM usage satisfaction.

Configuration Raw
coverage

Unique
coverage Consistency Cases

PCO∗ ∼ TMS∗ADV∗ACC 0.442 0.049 0.900 C.003 C.012 C.017 C.023 C.024 C.026 C.027 C.035 C.038

PCO∗ ∼ TMS∗ INF∗ACC 0.426 0.033 0.897 C.003 C.008 C.012 C.017 C.021 C.023 C.024
C.026 C.027 C.032 C.035 (0.67, 0.67)

∼PCO∗TMS∗ INF∗ACC 0.195 0.017 0.923 C.005 C.025
TMS∗ADV∗ INF∗ACC 0.246 0.099 0.938 C.005 C.028 C.029 C.031 C.034
Solution coverage 0.820
Solution consistency 0.926

Table 4: Truth table minimization results for the negative impact of BIM usage satisfaction.

Configuration Raw coverage Unique coverage Consistency Cases
∼ACC∗ ∼ ADV∗ ∼ PCO 0.550 0.018 0.884 C.002 C.004 C.009 C.010 C.011 C.018

∼ACC∗ ∼ INF∗ ∼ TMS 0.518 0.127 0.829 C.009 C.010 C.006 C.011 C.013 C.016
C.020 C.033 C.039

ACC∗ ∼ ADV∗ PCO 0.533 0.091 0.856 C.022 C.008 C.014 C.015 C.019 C.032
Solution coverage 0.857
Solution consistency 0.773

Table 5: BIM performance, project complexity, and BIM user satisfaction profile.

Performance type Support type Comprehensive type
1 2 3 4

ACC ● ● ● ●
INF ● ● ●
ADV ● ●
TMS ○ ○ ● ●
PCO ● ● ○
Raw coverage 0.442 0.426 0.195 0.246
Unique coverage 0.049 0.033 0.017 0.099
Consistency 0.900 0.897 0.923 0.938
Solution coverage 0.820
Solution consistency 0.926
Note. “●” indicates that the condition variable is a high fuzzy value; “○” indicates that the condition variable has a low fuzzy value.
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findings is that accuracy is the foundation, whether or not
another BIM performance exists. As shown in Table 4, the
accuracy of BIM is the common condition for satisfying BIM
users in projects with high complexity. /is view is con-
sistent with the research results of Abbas et al. [50] and the
BIM accuracy and satisfaction have a direct effect. At the
same time, in the three projects C.003, C.024, and C.032, the
owner reported in the survey that “the drawings constructed
by the 3D model can improve the cost accuracy to less than
3% at the beginning of the project, which not only saves a lot
of estimated cost but also makes the cost work more effi-
ciently.” /e findings also confirm the significance of
functional advantage and information integration, which
form two different configurations and do not appear at the
same time. /is result indicates that the above two factors
have complementary effects in improving satisfaction. /e
interview with participants shows that, in the BIM service
contract of project C.017, BIM subcontractors provide BIM
services throughout the entire process from project design to
operation andmaintenance, among which a 3D visualization
function, supervision tracking system, material tracking
system, and maintenance and utilization tracking system
have become important carriers for information transmis-
sion and sharing.

Another BIM performance condition, manager sup-
port, is of different importance, depending on the degree
of project complexity. /e results illustrate that the more
complex the project, the lower the need for manager
support in achieving satisfaction. However, manager
support is an important factor that leads to BIM user
satisfaction in low complexity projects. Configuration 3
shows a different combination from the performance type,
which is the support type. In this configuration, user’s
satisfaction with BIM requires not only BIM accuracy and
information integration but also the support of a large
number of executives. On the one hand, this finding is
consistent with the research results of Chen et al. [51],
where the support provided by senior executives in
technological innovation can generate internal incentives
and achieve the overall promotion of BIM performance.
On the other hand, in the structured interview on BIM
user’s satisfaction in project C.005, it was found that
“although the investment of this project is not huge, all the
owner’s senior management hope that BIM technology
can be promoted in future projects,” and the senior
manager supports the supervision and control of other
BIM performance.

In addition to discussing the different configurations
of satisfaction, this study also presents the results of the
truth table showing elements that lead to user dissatis-
faction. As shown in Table 3, the failure to realize the
functional advantages of BIM is a necessary condition for
dissatisfaction in both complex and noncomplex projects.
Furthermore, although high-level support can promote
satisfaction when the project complexity is low, it is not
associated with user dissatisfaction in this case. Mean-
while, the combination of high accuracy and low func-
tional advantages of BIM also produces unsatisfactory
results in complex projects.

5.2. ;eoretical Significance. /e findings of this research
contribute to the literature in several ways. First of all, this
study develops research on the influence paths between BIM
performance and BIM user’s satisfaction. /e results not
only support the findings of Marefat et al. [52] and Liu et al.
[35] but also supplement the above research. In addition,
these results contradict research by scholars such as Qin et al.
[53], who say that the accuracy and functional advantages of
BIM cannot improve the satisfaction of BIM users. /is is
because this study considers the combination of the paths of
four elements of BIM performance. On the one hand, as
shown in Table 4 (configuration 1–4), the realization of
functional advantages usually requires a well-matching BIM
accuracy. On the other hand, as shown in Table 4 (con-
figuration 1), even though BIM accuracy is guaranteed, the
lack of more functional advantages also causes dissatisfac-
tion among users.

Secondly, this study provides more hypothesis space for
adjustment and mediation for future empirical research on
BIM performance. /is study adds the role of project
complexity on the basis of existing research on BIM per-
formance where different project complexity affects the
transmission path of executive support to user satisfaction.
In addition, all the configurations are paths showing a lack of
BIM accuracy which indicates that BIM accuracy more or
less regulates or mediates the impact of other BIM per-
formance on satisfaction. Finally, the complementary effects
of information integration and functional advantage are
found.

Last but not least, this study promotes the development
of configuration theory in the field of project management.
In this study, the configuration theory of Mintzberg [54] is
referenced in the field of project management, and three
configurations in which BIM performance affects user sat-
isfaction are identified. On the one hand, this discovery
inherits the basic research paradigm of configuration theory.
On the other hand, the adoption of this research paradigm
can provide support for future research on project
management.

5.3. Practical Significance. /e findings of this study provide
an empirical basis and reference for BIM contractors and
project owners in China to improve BIM user’s satisfaction
in projects with different complexities. For the contractor, it
is crucial to improve various contractor-related factors in the
performance of BIM. At the same time, reducing the im-
balance between the elements in BIM performance is the
primary strategy to avoid user dissatisfaction. For the owner,
BIM contractors with different capabilities can be selected
according to different situations of project complexity. For
example, when project complexity is high, try to choose a
BIM contractor with higher useful information integration
and more multifunctional advantages; when the project
complexity is low, pay attention to the level of executive
support for team members and the contractor. Regardless of
the complexity of the project, the owner should focus on the
accuracy of the model that can be provided by the BIM
contractor.
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6. Conclusion

Based on the configuration theory and using the fsQCA
method, this study analyzed 39 engineering projects that
used BIM technology. /e results show that three important
configurations are formed after considering the relationship
between BIM performance, project complexity, and BIM
user satisfaction, namely performance type, support type,
and comprehensive type. Among them, the performance
type is used to deal with complex projects based on the
accuracy, information integration, and functional advan-
tages of BIM. /e support type is used to deal with projects
with low complexity, and more attention is paid to the
support of senior management for the use of BIM. /e
comprehensive type provides a solution to improve satis-
faction without considering the complexity of projects.

Although this study has certain theoretical and practical
significance, it also has some limitations. First, although this
study analyzes the external factors that affect BIMperformance,
it fails to consider the internal factors of the project itself, such
as the governancemodel (relationship governance and contract
governance). /erefore, future research can combine the
characteristics of project governance to test the empirical re-
sults of performance, support, and integration. Second, al-
though this study considers the complexity of projects, it does
not analyze a certain type of special project (such as energy
projects and industrial projects), thus limiting the applicability
of the research results to special projects. Future research can
discuss the specific performance of these three configurations
in special projects.
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