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ABSTRACT Blockchain technology is promising toward transforming conventional construction practices
to improve collaboration and integration management in engineering-construction projects. The factors
affecting the adoption of blockchain technology from the different stakeholder perspectives, however, have
not been thoroughly investigated. Following the theory of planned behavior (TPB) and regulatory focus
theory (RFT), this study explores the formation mechanisms underlying blockchain adoption from a multi-
stakeholder perspective. The model was tested through partial least squares-structural equation modeling
(PLS-SEM) and the fuzzy-set qualitative comparative analysis (fsQCA) method using data collected from
Chinese construction practitioners. PLS-SEM results indicate that institutional pressures, perceived func-
tional benefits, and behavioral control can directly drive blockchain adoption. Although perceived symbolic
benefits do not directly affect blockchain adoption, their indirect effects on adoption are fully mediated by
adoption intention. The PLS multi-group analysis found multiple path differences among stakeholders. The
fsQCA results show that no single factor or its negation is the necessary condition to trigger blockchain
adoption. The configuration analysis results show four new configurations that trigger the adoption of
blockchain technology by owners, contractors, and consultants. This first multi-stakeholders research in the
field of technology adoption contributes to the explanatory context of TPB and provides new insights into the
effective blockchain technology adoption via the identified configurations that suit the project stakeholders.

INDEX TERMS Blockchain adoption, multi-stakeholders, PLS-SEM, fsQCA, engineering-construction
industry.

I. INTRODUCTION
In the context of Industry 4.0, and Intelligent Construc-
tion, various digital information technologies are emerging
in the construction industry to improve project performance
regarding project design, construction, and operation stages
[1]. In particular, blockchain and blockchain-enabled smart
contract technology, as a trusted third party, can auto-
matically verify and permanently record transactions [2]
and has recently garnered interest among researchers and
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practitioners [3]. Blockchain technology has the poten-
tial advantages of automated recording of construction
activities in an immutable and transparent way [4], [5]
which improves collaboration environments required by
engineering-construction projects, and it promotes efficient
supply chain management in the construction supply chain
and procurement process [6]. For example, the integration of
blockchain and Building Information Modeling (BIM) can
solve the ambiguity of rights and responsibilities, unclear
property rights, and security issues in the BIM collabora-
tion environment. Blockchain technology also enables auto-
matic execution of construction contracts by deploying smart
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contracts, thereby minimizing contract disputes, payment
delays, and opportunism.

However, the adoption of blockchain technology in the
engineering-construction industry remains limited [7]. The
low innovation, discontinuity, and complex construction pro-
cesses of the engineering-construction industry may lead
to differences in technical, organizational, and environ-
mental factors [8] that determine whether organizations
will adopt blockchain technology. Furthermore, studies on
blockchain adoption are still in the fledging stage [6], [9], and
prior studies have primarily focused on conceptual research
[10] or employed the traditional symmetric approach [11].
Blockchain adoption is a complex process with complex
contextual conditions [12], resulting in managerial decisions
based on symbiotic interactions. Because the causal inter-
actions are complex, merely assessing linear relationships
may obscure the complexities behind the decision to adopt
blockchain technology. Moreover, blockchain technology
is a collaborative platform [13] that requires joint cross-
functional and inter-organizational stakeholder involvement
to maximize its potential and provide effective supply
chain governance [14], especially in the multi-organizational
engineering-construction context. Understanding the differ-
ences in views among the stakeholders could be used to target
specific stakeholders to achieve a more focused and efficient
blockchain technology rollout [15], [16].

To address these research gaps, this study develops an
adoption model for blockchain technology grounded in the
theory of planned behavior (TPB) and regulatory focus theory
(RFT) from the perspective of multiple stakeholders. In par-
ticular, the underpinning objectives of this study are (1) to
determine the direct effects of determinants toward promoting
blockchain adoption from a multi-stakeholder perspective
and (2) evaluate the complexity of attribute configuration
that leads to high blockchain adoption by the key project
stakeholders in the industry.

Our approach begins by combining a literature review
and expert opinions to identify potential determinants and
existing adoption models. Subsequently, the data collected
through questionnaire surveys were analyzed using partial
least squares-structural equation modeling (PLS-SEM) and
fuzzy-set qualitative comparative analysis (fsQCA), followed
by a discussion of the results and final conclusions. The scope
of stakeholders in this study focuses on owners, contrac-
tors, and consultants in the Chinese engineering-construction
industry. As the key project stakeholders, they are the most
likely candidates to adopt blockchain technology.

II. CONCEPTUAL BACKGROUND
A. POTENTIAL FACTORS AFFECTING BLOCKCHAIN
ADOPTION IN THE ENGINEERING-CONSTRUCTION
INDUSTRY
Blockchain technology has been applied in various industries
[17], such as agriculture, automobile, finance. Most previous
studies have used the technology-organization-environment

(TOE) framework or its model combined with other theories
to analyze the direct factors affecting blockchain adoption
[18], [19]. Some researchers have examined adoption factors
from a single perspective [5], [6], [20]. Other researchers only
mention adoption factors without empirical validation [20],
[21]. Most studies focus only on linear effects and overlook
any joint effects among variables [5], [6], [20]. Few studies
have comprehensively validated the configurational effects of
TPB-based antecedents.

The literature relevant to the determinants of blockchain
adoption in the engineering-construction industry is sum-
marized in Table 1, revealing four important categories
of factors that influence blockchain adoption: technologi-
cal benefits and traits, organizational conditions, external
environment, and decision features. For example, Wu et al.
[5] systematically summarized ten technological, organiza-
tional, and environmental challenges related to blockchain
adoption in construction practices. Xu et al. [6] found that
a lack of information technology infrastructure and legal
and regulatory uncertainty are the most prominent barriers
toward blockchain adoption in the architectural engineering
and construction (AEC) industry. Similarly, Sadeghi et al.
[9] showed that organizational communication and infor-
mation are exposed to higher risk using blockchain tech-
nology through case studies, and developed a conceptual
blockchain technology risk management framework. Further-
more, Badi et al. [22] assessed the TOE framework using a
deductive questionnaire-based approach. The results revealed
that supply chain pressure, competitive pressure, top manage-
ment support, and observability significantly influence the
adoption of smart contracts in the UK construction industry.

B. EXTENSION OF THEORY OF PLANNED BEHAVIOR
Various theories have been developed to predict the
contextual antecedents of innovation adoption in the
engineering-construction field at the organizational level
[26]. In the context of the engineering-construction indus-
try, each construction stakeholder represents an independent
entity in which top managers individually or collectively
govern the organization’s behavior [27], including decision-
making as to whether to adopt blockchain technology. More-
over, these top managers are not isolated and make decisions
based on the organization’s external environment and inter-
nal conditions. As a result, this research is built on TPB,
a widely used theoretical lens used to study user acceptance
of various technologies in different contexts, including the
engineering-construction industry. Although TPB was ini-
tially developed at the individual level, this theory has been
extended to the organizational level [28]. TPB is based on
the premise that an actor’s behavior can be inferred from
behavioral intention, which depends on attitudes, subjective
norms, and perceived behavioral control [28]. TPB pro-
vides parsimonious predictions and explanations of adoption
behavior from a social-psychology perspective, which can
be used to support this research from a multi-stakeholder
perspective.
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TABLE 1. Blockchain adoption categories in the engineering-construction industry determined from the literature analysis.

Moreover, an extension of TPB (by identifying the con-
cept of regulatory focus) serves as an indicator of the
macro-level motivation of multiple stakeholders in this
study. Higgins [29] distinguished two motivational dimen-
sions that guide self-regulation activities: promotion-oriented
aspirations and accomplishments, and prevention-oriented
responsibilities and safety. The former explains individu-
als’ attitudes and regulated behaviors to promote progress,
growth, and achievement, whereas the latter forms individ-
ual attitudes and regulated behaviors to ensure safety and
responsibility. Prior research shows that regulatory focus
significantly impacts actors’ attitudes and their tendency to
engage in different courses of action. For example, Qian
and Zhang [30] found that owners with promotion focus
could trigger contractors’ opportunistic behavior, whereas
prevention focus has the opposite effect. Wang et al. [31] also
discussed the different effects of promotion and prevention,
focusing on megaproject uncertainty. However, the existing
literature provides limited insight into the influence of regu-
latory focus on the intention to adopt blockchain technology.

C. MULTI-STAKEHOLDER PERSPECTIVE FOR BLOCKCHAIN
ADOPTION IN THE ENGINEERING-CONSTRUCTION
INDUSTRY
From a multi-stakeholder perspective, stakeholders can be
described as organizations or individuals who play significant
roles in a project and can affect project success or failure.
Understanding and integrating the perspectives of diverse
stakeholders is important to identify agreements and conflicts
in their priorities, thereby benefiting the adoption and scaling-
up of construction innovation [32]. Consequently, the multi-
stakeholder approach has attracted attention in the industry.
For instance, Law et al. [32] explored key factors for the
adoption of construction robotics in Hong Kong by ranking
the interests and concerns of various stakeholders. Won et al.
[15] revealed that the roles of respondents can influence cloud
computing adoption in the construction industry. Liao et al.
[16] identified value-adding factors for BIM-based project
activities and their delivery in Singapore from different stake-
holder viewpoints.

Regarding studies involving blockchain adoption, the
perspectives of multiple stakeholders have received little
attention. This may hinder attempts to establish a robust

understanding of the concepts and implications associ-
ated with blockchain adoption because stakeholders tend
to experience different economic, social, and environmen-
tal conditions, resulting in significant differences in their
judgment and behavior [33]. It remains unclear whether
stakeholders share any similarities or differences when con-
sidering blockchain adoption factors. Therefore, in this study,
three major types of project stakeholders in the Chinese
engineering-construction industry were selected to assess
any differences in adoption factors: owners, consultants, and
contractors.

III. THEORETICAL FRAMEWORK AND RESEARCH
HYPOTHESES
A. THEORETICAL FRAMEWORK
This study is exploratory, and semi-structured interviews
were first conducted to capture the primary determinants.
The TPB framework was then supplemented and modified
based on interviews with three expert practitioners and two
senior researchers in China. All participants held manage-
ment positions with clear oversight and decision-making
authority in their organizations and would, therefore, directly
influence the adoption of blockchain technology. According
to the interview guide, the interviews were conducted by
brainstorming an initial set of open-ended questions, such
as a description of the blockchain adoption process and
key factors that motivate organizations to adopt blockchain
technology.

The interviews verified that the factors driving blockchain
adoption in this industry involve behavioral control, atti-
tudes, and subjective norms. Attitudes are distinct in terms
of perceived benefits and risks, originating from positive
and negative attributes associated with blockchain technol-
ogy. Attitudes toward blockchain technology involve cog-
nitive processes that depend on pre-existing perceptions of
its attributes, consistent with the connotations of behav-
ioral attitudes [28] that describe actors’ opinions and com-
ments regarding different situations. Subjective norms are
institutional pressures felt by construction organizations
when deciding whether to adopt blockchain technology
[34]. They reflect the influence of government, peers, com-
petitors, and other external organizations on the adoption
of blockchain technology by construction organizations.
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Perceived behavioral control reflects an organization’s ability
to adopt a certain behavior [28]. In addition, a boundary
condition for determining adoption intention was identified
from the interviews. Based on these results, a theoretical
framework is proposed, and the related concepts are refined
into specific measurement variables.

B. HYPOTHESES DEVELOPMENT
1) INTENTION AND BLOCKCHAIN ADOPTION
Attitude predicts innovation adoption intentions and deci-
sions, especially when decision makers must make ratio-
nal decisions involving an important topic [35]. In the
engineering-construction industry, key stakeholders tend to
exhibit positive attitudes once they perceive the benefits of
blockchain adoption. According to Bhat and Reddy [36],
blockchain technology can generate both symbolic and func-
tional benefits. Symbolic benefits derived from perceived
strategic level benefits involve corporate image enhancement,
reputation improvement, and gain in market share, whereas
functional benefits focus on efficiency and relate to the extent
to which a technology is useful to specific departments [37],
businesses, and processes [38]. Stakeholders’ adoption deci-
sions usually follow the logic of cost minimization and effi-
ciency maximization, as their main business goal is survival.
Therefore, stakeholders tend to adopt blockchain technology
only when they believe that its value increases potential ben-
efits or satisfies the needs of their projects.
H1: Perceived functional benefits are positively associated

with blockchain adoption intention (H1a) and blockchain
adoption (H1b).
H2: Perceived symbolic benefits are positively associated

with blockchain adoption intention (H2a) and blockchain
adoption (H2b).

Despite potential benefits, blockchain adoption can lead
to losses or risks. Perceived risks are subjective and repre-
sent possible losses that can occur during the implementa-
tion process [39]. High levels of risk perception can lead
to delayed decisions and motivate stakeholders to engage in
risk reduction efforts. First, the complexity of the technol-
ogy and additional transaction costs associated with eval-
uating, building, and deploying blockchain systems may
hinder blockchain adoption. Second, technical vulnerabili-
ties are a major concern in new technology adoption [2],
such as data security and privacy issues, architecture and
design risks, private key management, and smart contract
risks. Uncertainty is a dimension of risk related to the lim-
ited knowledge that a decision maker may have regarding
a new technology [40]. Adopting virtualization technology
can lead to increased concerns among organizational deci-
sion makers because of the invisible, undefined bound-
aries of virtualization technology and potential increased
risks to data security and integrity [41]. The engineering-
construction project implementation process includes sensi-
tive information involving quotes and contract terms because
engineering-construction projects typically involve large
transaction amounts. Consequently, organizations may be

reluctant to adopt blockchain technology in order to pre-
vent their organizational data from being commingled with
data from other companies or being accidentally disclosed
to the public. Third, stakeholders in engineering-construction
projects may only need to participate in project development
occasionally, such that certain contracting parties may see no
need to adopt blockchain technology as a long-term business
model. The relationship between smart contracts and com-
plex projects inevitably undermines attempts to secure the full
benefits of the transactions involved in a construction project
[6]. Relational discontinuities and additional coordination of
transactions are costly to all parties involved in seeking to
adopt blockchain technology [42].
H3: Perceived risk attitudes are negatively associated

with blockchain adoption intention (H3a) and blockchain
adoption (H3b).

Institutional theory focuses on organizations’ institu-
tional environments and how these influence behavioral and
structural changes to gain social legitimacy [43]. Institu-
tional pressure is perceived social pressure exerted by other
important stakeholders when making decisions [44]. Dur-
ing the process of innovation technology adoption in the
engineering-construction industry, perceived pressures are
mainly associated with the government, partners, or peer
companies [34], [45]. Institutional pressure includes nor-
mative, mimetic, and coercive pressures [46] that describe
pressures corresponding to subjective norms. Therefore, pres-
sures exerted by the external environment are considered to
represent subjective norms. Normative pressure refers to the
influence applied by organizations through internal values
and standards [46]. Quasi-governmental organizations can
help define and promulgate specifications for blockchain
adoption by organizing workshops that promote the poten-
tial advantages of blockchain technology. Likewise, other
organizations, such as software vendors and universities,
can exert normative influence on construction stakeholders
through professional training and certification [47]. As criti-
cal decision makers for blockchain adoption in engineering-
construction projects, owners, contractors, and consultants
can be potential focal points for these normative influences.
Through communication with professionals, these decision
makers can better understand the value and industry expec-
tations when using blockchain technology in their projects,
thus providing additional support for blockchain adoption.
Coercive pressures are formal and informal pressures applied
by other organizations that focus on rules, penalties, or incen-
tives [46]. In engineering-construction projects, coercive
pressure is likely to come primarily from regulatory agencies
and industry associations. Mimetic pressures force enter-
prises to imitate the successful practices of other equivalent
organizations. Stakeholders can learn from their peers to
cope with the risk of uncertainty and gain economic benefits
with minimal trial costs [34]. Uncertainty is the primary
source of mimetic pressures. Although blockchain technol-
ogy often involves complex processes and external factors in
its operation, stakeholders may perceive that they are more
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vulnerable to peer companies with similar characteristics and
institutional environments regarding future projects if they do
not adopt similar technology.
H4: Institutional pressures are positively associated with

blockchain adoption intention (H4a) and blockchain adop-
tion (H4b).

Next, perceived behavioral control describes the perceived
difficulty or ease of implementing a certain behavior [48].
The more favorable the resource conditions an organization
has and the fewer the expected barriers, the stronger the per-
ceived control over the organization’s behavior [49]. The need
for blockchain technology in the engineering-construction
industry stems from the activities of stakeholders; there-
fore, its adoption requires organizations to not only have the
appropriate configuration of resources (e.g., infrastructure,
workforce, capital), but also the ability to control and trans-
form them [44]. To adopt blockchain technology successfully,
stakeholders must change past practices and formulate a new
approach or system, which will lead to more complicated
practices [6]. Therefore, stakeholders are inclined to adopt
blockchain technology onlywhen they can confidently expect
more control over these factors. Blockchain adoption inten-
tion and actual adoption can be enhanced when stakeholders
believe that future behavior can be effectively controlled.
H5: Perceived behavioral control is positively associated

with blockchain adoption intention (H5a) and blockchain
adoption (H5b).

Finally, adoption intention reflects the extent to which
a decision maker wishes to engage in a behavior, or how
much effort the decision maker is willing to commit toward
achieving that behavior. Based on the TPB context, adoption
intention can predict technology adoption and mediate the
relationships among attitudes, subjective norms, perceived
behavioral control, and technology adoption [35].Many orga-
nizational studies have validated the role of blockchain adop-
tion intention. For example, Yuan et al. [50] explored the
predictors of project managers’ waste reduction intentions
and concluded that attitude was the strongest predictor, fol-
lowed by subjective norms and perceived behavioral con-
trol. Wang et al. [49] found that adoption intention mediates
the determinants affecting technology adoption. The results
obtained by Li et al. [51] strongly support the TPB model in
predicting contractor employees’ construction waste reduc-
tion intentions and behavior. Therefore, the intention to adopt
blockchain technology can mediate the relationships among
these three factors and the adoption of blockchain technology.
H6: Blockchain adoption intention is positively associated

with blockchain adoption.
H7: Blockchain adoption intention plays a mediating

role in the relationships among value attitudes, institutional
pressures, perceived behavioral control, and blockchain
adoption.

2) MODERATION EFFECT OF REGULATORY FOCUS
Beyond the boundaries of the micro-level concept, regu-
latory focus also has the potential to shape organizational

FIGURE 1. Theoretical framework.

characteristics [52]. Generally, most organizations’ decisions
are made bymembers of the topmanagement group, and their
personal preferences form regulatory focus, which relates
to this study’s requirements from the perspective of mul-
tiple stakeholders. Moreover, long-term corporate ideology
and culture can influence a particular area of regulatory
focus [52]. Therefore, regulatory focus may differ among
stakeholders. Multiple stakeholders with transformational
leadership and an open culture tend to favor promotion
focus. In contrast, stakeholders with transactional leadership
and a closed culture are likely to develop a prevention-
oriented regulatory focus. Therefore, regulatory focus serves
as the macro-level motivation for multiple stakeholders in the
industry.

Regulatory focus in different situations can influence the
perception, emotion, participation, and behavior of actors.
Stakeholders with promotion focus are more likely to conduct
self-efficacy assessments and persuade individuals to pursue
their interests, whereas prevention-focused stakeholders will
emphasize perceived risks and are more likely to persuade
individuals from a loss-avoidance perspective.
H8: Promotion focus significantly moderates the rela-

tionship between perceived benefits (H8a-perceived func-
tional benefits and H8b-perceived symbolic benefits) and
blockchain adoption intention.
H9: Prevention focus significantly moderates the rela-

tionship between perceived risks and blockchain adoption
intention.

Additionally, two broad propositions are made: not all pre-
dictors are expected to be necessary to influence the adoption
of blockchain technology, and not all predictors are expected
to be sufficient to influence blockchain adoption. Under these
assumptions, a theoretical framework is proposed, as shown
in Figure 1.

IV. METHODOLOGY
A survey approach was adopted to collect quantitative data
using questionnaires. Figure 2 illustrates the research flow
and methodology. First, a literature review and expert opin-
ions were used to derive theories and factors contributing
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FIGURE 2. Research method.

to blockchain adoption. Subsequently, to assess the linear
relationships and configuration effects of the variables, this
study analyzed the data using two methods: PLS-SEM and
fsQCA, respectively.

The reason for using the PLS-SEM method is that it has
obvious advantages for the analysis of complex models and
can deal with both formative and reactive conformations
[53]. This study model not only contains both formative and
reactive variables, but is also a complex model consisting
of nine latent variables;hence, the PLS-SEM method is well
suited for this exploratory study. Subsequently, the data were
analyzed using fsQCA, a comprehensive analysis technique.
The advantage of fsQCA is that (1) it acknowledges the exis-
tence of asymmetric relationships between causal relation-
ships and assumes that multiple solutions may produce the
same outcome [54]. (2) The fsQCA method includes causal
complexity, meaning that not all conditionsmust be present to
cause a particular outcome, and that different combinations of
causal conditions may lead to the same outcome. The fsQCA
approach complements the PLS-SEM approach by providing
a more fine-grained interpretation of the research questions
in this study [54].

A. MEASURES
There are few empirical studies on blockchain adoption and
they mostly focus on the supply chain management domain.
However, they still provide a reference for variable measure-
ment of blockchain adoption in construction firms. In addi-
tion, empirical studies on the adoption of other technologies
such as big data, cloud computing, IoT, smart contracts,
construction robotics, 3D printing, and BIM also provide
references for this study. The measurements were based on
scales developed in the literature that have been tested in
other industries. From this, variables pertaining to the insti-
tutional environment (eight items) [34], [55], perceived ben-
efits (nine items) [56], [57], [58], [59], perceived behavioral
control (four items) [44], perceived risks (four items) [60],
adoption intention (three items) [61], moderating variable
(eight items) [31], [52] and blockchain adoption [61] were

defined. Tomeet the research context, themeasurements were
modified after discussions with knowledgeable scholars and
practitioners. Chinese professionals reviewed the scales from
related fields to evaluate their suitability and clarity. Before
initiating formal data collection, the questions were exten-
sively pre-tested during the development of the theoretical
framework. A total of 39 items were identified and used in
the questionnaire, as listed in Table 2.

B. DATA COLLECTION AND SAMPLING
The survey was approved by the Institutional Review
Board of Jilin University and was later developed and dis-
tributed through the wjx.cn online survey system. The target
population was Chinese engineering-construction industry
professionals representing consultants, contractors, and own-
ers. A snowballing approach was used to collect question-
naires during a two-phase period: November 2021–January
2022, and January 2022–February 2022. Participants who
were involved in or familiar with blockchain-enabled
engineering-construction projects were selected during the
first data collection phase. Initially, potential respondents
were contacted through a blockchain information ser-
vice provider listed on the blockchain information service
filing system (https://bcbeian.ifcert.cn/index). The system
lists 1440 blockchain-related service providers in China.
Exploratory emails were also sent to companies that have
adopted construction blockchain technology using contact
information provided by acquaintances. All qualified partici-
pants were invited to forward the survey link to their peers
in order to identify other eligible participants. A total of
157 valid questionnaires were obtained.

In the second phase, the target population of the ques-
tionnaire was participants interested in adopting blockchain
technology, including owners, consultants, and contractors.
Questionnaires were distributed toWeChat groups formed by
professionals involved in conferences or forums that address
blockchain-related topics. Similarly, the questionnaire started
with a filter question, and a snowballing approach was
adopted to obtain additional participants. In total, 174 valid
questionnaires were collected in the second phase. Over-
all, 331 valid questionnaires were obtained, and the valid
questionnaires represented 104 owners, 110 consultants, and
117 contractors.

The respondents were asked to answer questions based
on their understanding of their company’s adoption of
blockchain technology, and respondents were asked to
rate their agreement with questions based on a simple
5-point Likert-type scale ranging from ‘‘strongly disagree’’
to ‘‘strongly agree.’’ Table 3 summarizes the respondents’
demographic characteristics. The Kolmogorov–Smirnov test
was used to examine the sample distribution of the early
and late respondents to test for nonresponse bias. The results
of the sample distributions did not differ statistically, indi-
cating that there were no issues regarding nonresponse
bias.
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TABLE 2. Measurement items.

V. RESULTS OF PLS-SEM
A. MEASUREMENT MODEL

The reliability and validity of the measurement model are
indicated by Tables 4 and 5, respectively. Composite relia-
bility (CR) was used to test the reliability of the measure-
ment model (Table 4). All measurement models exceed the
0.7 limit, indicating adequate reliability [53]. The average
variance extracted (AVE) was used to assess the convergent
validity of the reflective constructs (Table 4). The indicators
of all constructs exhibited a factor loading above 0.70, and
the AVE values achieved a minimum threshold of 0.50, indi-
cating their suitability [53]. The convergent validity of the
formative constructs was tested using weights [62]. By ana-
lyzing the developed model using the repeated indicators
approach, the results reveal that the three types of pres-
sure are statistically significant (p < 0.01) and of positive
sign (Table 5), which supports the second-order construct of
institutional pressures. The discriminant validity was tested

TABLE 3. Demographic characteristics.

using the Fornell–Larcker criterion [63]. The AVE values of
the six variables were lower than 0.90, indicating adequate
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TABLE 4. Reliability indicators for full sample and sub-samples.

discriminant validity. Overall, the measurement items ful-
filled the reliability and validity requirements for the subse-
quent analyses.

Moreover, variance inflation factors (VIFs) were used to
test multicollinearity. For each first-order variable, the test
results indicate that all VIF values achieved the recommended
levels, with the VIFs of the full dataset, owners, contrac-
tors, and consultants ranging from 1.788–2.783, 1.615–2.872,
1.641–2.988, and 1.742–2.980, respectively, all of which
were below the maximum limit of 5 [64]. Regarding second-
order variables, Table 5 reveals that all VIF values ranged
from 1.052 (lowest) to 1.599 (highest). Therefore, collinearity
was not a problem in this model. Furthermore, we checked for
potential common method bias using Harman’s Single Factor
Test. The results show that the first factor accounted for
26.74%, 29.98%, 23.06%, and 24.21% of the total variances,
all of which are less than 50%; therefore, there were no issues
with common method bias in this study.

B. STRUCTURAL MODEL
The structural model is mainly assessed by the coefficient of
determination (R2), predictive relevance (Q2), and the signif-
icance of path coefficients. The results (Figure 3) revealed
that all R2 values were >0.1. Similarly, Q2 values of all
endogenous structures were above zero, suggesting that the
model has good predictive power. The goodness of fit (GoF)
index also exceeded the ‘‘large’’ threshold level of 0.36 [65]
(Full sample: 0.757; Owners: 0.694; Contractors: 0.748; con-
sultants: 0.718).

The path significance levels were estimated by applying
the bootstrappingmethod using 5000 subsamples. The results
for the full sample dataset are summarized in Figure 3. Except
for H2b, all hypotheses were confirmed.

The results of mediation analysis indicate that adop-
tion intention mediated the association between perceived
functional benefits and blockchain adoption (β = 0.135,
p < 0.001) with the following intervals: (bias= −0.001;
2.5%=0.099; 97.5%=0.183), as well as the associa-
tion between perceived symbolic benefits and blockchain
adoption (β = 0.125, p < 0.001) with the following

FIGURE 3. Structural model with main path coefficients.

intervals: (bias=0.000; 2.5%=0.086; 97.5%=0.176).
Blockchain adoption intention mediated the association
between perceived risks and blockchain adoption (β =
−0.040, p < 0.001) with the following intervals:
(bias=0.000; 2.5%= −0.067; 97.5%= −0.020). Blockchain
adoption intention mediated the association between per-
ceived behavioral control and blockchain adoption (β =
0.061, p < 0.001) with the following intervals: (bias=0.000;
2.5%=0.037; 97.5%=0.093). Blockchain adoption inten-
tion mediated the association between institutional pres-
sures and blockchain adoption (β = 0.128, p < 0.001)
with the following intervals: (bias= −0.002; 2.5%=0.093;
97.5% =0.176). Thus, H7 is supported.

To test the effects of regulatory focus, we constructed a
standardized regression product term for the latent variable to
analyze the moderating effects. Promotion focus significantly
enhanced the association between perceived functional ben-
efits, perceived symbolic benefits, and blockchain adoption
intention (β = 0.141, p < 0.001 and β = 0.114, p <

0.001); therefore, H8 is supported. Moreover, prevention
focus significantly enhances the association between per-
ceived risks and blockchain adoption intention (β = 0.117,
p < 0.001); thus, H9 is supported. A simple slope analysis

108314 VOLUME 10, 2022



M. Cheng, H.-Y. Chong: Understanding the Determinants of Blockchain Adoption in the Engineering-Construction Industry

TABLE 5. Formative measurement model evaluation.

TABLE 6. Multi-group analysis test results for stakeholder differences between owners, contractors, and consultants (path differences).

FIGURE 4. Decomposing the interaction effects: (a) AE × PF, (b) PR × PA,
and (c) AF × PF.

was performed to test the moderating effect of blockchain
adoption intention (Figure 4).

C. MULTI-GROUP ANALYSIS
To identify differences among the three sub-groups, .Henseler
[66] multi-group analysis was performed. The outcomes
in Table 6 show significant differences in the specific
path coefficients between groups (p < 0.05). Five paths
exhibit significant differences between owners and contrac-
tors. Accordingly, the positive effect of perceived symbolic
benefits on blockchain adoption intention (Diff β = 0.225,
p < 0.05) and blockchain adoption intention on blockchain
adoption (Diff β = 0.325, p < 0.001) are much higher
for owners than for contractors; however, the positive effect
of institutional pressures on blockchain adoption intention
(β = −0.255, p < 0.05) and perceived behavioral control
on blockchain adoption (β = −0.336, p < 0.001) are much
higher for contractors than for owners. Only three significant
differences exist between owners and consultants in terms
of perceived functional benefits (β = 0.320, p < 0.001)
and the institutional pressures-blockchain adoption intention
link (β = −0.335, ρ = 0.000) and the perceived symbolic
benefits-blockchain adoption link (β = 0.270, p < 0.05).

The results indicate significant differences between perceived
functional benefits and blockchain adoption intention (β =
−0.276, p < 0.001), and between blockchain adoption
intention and blockchain adoption (β = −0.389, p < 0.05)
between contractors and consultants. However, the positive
effect of perceived behavioral control on blockchain adoption
(β = 0.344, p < 0.001) is much higher for contractors than
for consultants.

VI. RESULTS OF FSQCA
The 3.0 software version of fsQCA was used to examine
the configurations of the determinants of blockchain adop-
tion based on the full sample. Moreover, three additional
fsQCA estimations were implemented on the stakeholder
category to study possible differences in blockchain adoption
among stakeholders. First, the original data were converted
into fuzzy membership scores on a 0–1 scale. Percentiles
of 1, 3.5, and 5 were used to establish full non-membership,
the crossover point, and full membership, respectively [67].
Next, a necessity analysis was performed to evaluate whether
each antecedent condition was necessary to produce a
particular outcome (i.e., high blockchain adoption). The
results (Table 7) indicate that none of the antecedent con-
ditions achieved the standard for the necessary conditions
(consistency>0.9).

The final step of the fsQCA analysis was the adequacy
analysis. A truth table was constructed to demonstrate pos-
sible combinations of causal conditions and their relation-
ship with the outcome. The results (Table 8) indicate that
each solution and the overall solution for all stakeholders
or all three specific stakeholders had acceptable consistency
(>0.80) and suitable levels of raw coverage (0.25–0.65).
Therefore, because they surpass the necessary thresholds, the
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TABLE 7. Analysis of necessary conditions for predicting blockchain adoption.

TABLE 8. Solutions for promoting blockchain adoption considering multiple and individual stakeholders.

results can yield a series of practical and methodological
implications [68]. For further analysis, seven possible types
of decision makers have been added and proposed based on
the identified configurations and their characteristics. The
first type of decision maker can be described as a Cautious
Decision Maker, who focuses on the potential drawbacks of
this emerging technology and engages in prevention focus.
Next, the Achievement Decision Maker adopts a regula-
tory focus and considers the possible benefits of blockchain
technology. The Conservative Decision Maker is character-
ized by the prevention focus approach and focuses on the

perceived risks without concern for benefits. The Patchwork
DecisionMaker primarily considers both risk and opportunity
with respect to blockchain adoption. The Enthusiastic Deci-
sion Maker considers only positive factors, including func-
tional and strategic benefits, perceived behavioral control,
and engages in high promotion focus. The Futurist Deci-
sion Maker practices promotion focus, focusing only on
expected positive benefits. Finally, the Rational Decision
Maker has low adoption intention but demonstrates high per-
ceived value and behavioral control, as well as low perceived
risk.
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Specifically, four new configurations were revealed to
cover all key stakeholders in the full sample and each stake-
holder individually in the analysis. The results involve five
types of stakeholder adoption models or configurations: S1,
S2, S3, S4, and S5. Additionally, the configurations at the
project level were analyzed based on individual stakehold-
ers. Four types of models (W1–W4) were found to lead
to effective blockchain adoption by owners. Similarly, the
results reveal four types of configurations for contractors,
where the fourth model exhibited a similar pattern to the
two sub-models, as observed in the owners’ configuration
analysis. Regarding consultants, the results show only four
main models (without sub-models) for improving blockchain
adoption.

VII. CONCLUSION
Based on a questionnaire survey applied to the Chinese
engineering-construction industry, this study used PLS-SEM
and fsQCA analysis methods to study the antecedents of
blockchain adoption from a multi-stakeholder perspective.

First, the PLS-SEM results indicate that institutional pres-
sures, perceived functional benefits, and behavioral control
can directly trigger blockchain adoption. Although perceived
symbolic benefits do not exert direct effects on blockchain
adoption, their indirect effects are fully mediated by adoption
intention. Promotion focus and prevention focusmoderate the
relationships between determinants and adoption intention.
In addition, the PLSmulti-group analysis foundmultiple path
differences among different stakeholders.

Second, this study examined the configuration effect of the
antecedents of blockchain adoption using the fsQCA analysis
method. It was found that no single factor or its negation
is the necessary condition to trigger blockchain adoption.
Moreover, the configuration analysis results show four new
configurations that trigger blockchain adoption by consider-
ing (a) all stakeholders as a group, and sub-groups consisting
of: (b) owners, (c) contractors, and (d) consultants.

Overall, the antecedents for blockchain adoption are com-
plex. This study not only reveals the linear, nonlinear, hetero-
geneous, and dynamic interactions that shape the antecedents
of blockchain adoption but should help in the application and
promotion of blockchain technology through implementing
targeted strategies for specific stakeholders.

A. THEORETICAL CONTRIBUTIONS
First, this study provides a new theoretical and empirical
understanding of the intermediary and moderating mech-
anisms affecting blockchain adoption in the engineering-
construction industry. The findings using PLS-SEM are
also partly supported by the TPB literature regarding atti-
tude behavior and social environment factors that enhance
blockchain adoption in the engineering-construction indus-
try [2]. Moreover, this research divides perceived benefits
into two new dimensions to better reflect the attitudes of con-
struction companies toward blockchain adoption. Hence, this

study also extends TPB theory by improving the explanatory
context.

More importantly, in response to the need for studies
involving multi-stakeholder perception, this study uses the
PLS multi-group analysis method to examine sub-samples
representing owners, contractors, and consultants, which
enriches the multi-stakeholder research literature. The multi-
group analysis reveals that perceived functional benefits are
more important to owners and consultants than to contractors.
In contrast, symbolic benefits are more important to owners
and contractors than to consultants. A possible reason for this
may be because of their different goals. Contractors’ goals are
usually short-term and specific and focus more on improve-
ments in project quality, duration, and cost [32]. In addition,
they lack social responsibility and strategic vision owing to
their generally small size and low social impact [51]. Insti-
tutional pressures were found to foster blockchain adoption
among contractors and consultants, but not among owners
because of the unimportance of institutional pressures, which
can be attributed to the dominance of owners and the lack
of laws and regulations that specifically apply to blockchain
projects [6]. Perceived behavioral control was the most influ-
ential factor among contractors. A reasonable explanation is
that as key performers in project execution, contractors are
required to complete complex tasks under contract through-
out the project lifecycle [69], and thus place more emphasis
on resource and capacity requirements than other construc-
tion sectors. This study can arguably be considered to be the
first multi-stakeholder study in the engineering-construction
field. The findings reveal distinct and meaningful inferences
that consider the perspectives of multiple stakeholders with
respect to new technology adoption [13].

The fsQCA results complement the analysis of net effects
by providing further insights that contribute to a deeper
understanding of the complex causal patterns of blockchain
adoption antecedents. PLS-SEM and fsQCA results yielded
several consistent outcomes. For example, adoption inten-
tion mediates the relationship between determinants and
blockchain adoption in the PLS-SEM analysis. The fsQCA
results reveal that adoption intention can be considered a
core condition for adoption, as it is present in all solutions.
However, some contradictory findings have also been dis-
covered: the absence or negation of some positive determi-
nants surprisingly leads to more positive adoption decisions,
whereas the presence of some negative determinantsmay lead
to similar results, depending on their association with other
configurations. Overall, these findings support the assertion
that blockchain adoption is a complex phenomenon.

B. MANAGERIAL IMPLICATIONS
From a cross-organizational perspective, this study pro-
vides comprehensive practical guidelines for governments,
blockchain technology providers, and businesses to enhance
blockchain adoption by owners, contractors, and consul-
tants. Specifically, blockchain technology promoters can dif-
ferentiate blockchain technology recommendations suited
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to different stakeholders based on their personalities. For
owners, improving perceived benefits and reducing per-
ceived risks can be a strategic guide for blockchain tech-
nology development and promotion. For example, suppliers
should consider marketing strategies to highlight technolog-
ical advantages and low risks, and software vendors should
fundamentally improve their technical and service capabili-
ties to improve technological advancement and service stan-
dardization. Moreover, they should strengthen the stability,
security, and usability of the blockchain infrastructure and
focus on developing an easy-to-use platform. Focusing more
on institutional pressures and perceived behavioral control
is essential for contractors. For example, suppliers should
improve the experience and capabilities of contractors by
providing after-sales services such as knowledge training,
and the government should adopt policies such as providing
subsidies to contractors to reduce the cost of blockchain adop-
tion. For consultants, the focus should be on strengthening
their intentions and institutional pressures toward blockchain
adoption. This type of improvement requires industry institu-
tions to exert normative influence on construction companies
and the government to create best practices and highlight
successful experiences involving blockchain technology. The
configurations presented in this paper allow all stakeholders
or specific stakeholders to select the most appropriate way to
improve blockchain adoption attitudes and behaviors.

C. LIMITATIONS AND FUTURE RESEARCH
This study has some limitations, as only owners, consultants,
and contractors are considered in exploring the determinants
of blockchain adoption and other participants in engineering-
construction projects, such as suppliers, manufacturers, and
designers, are excluded. Therefore, future studies should con-
sider these participants to extend and enrich the conclusions
of this study. Moreover, data from other countries will need
to be collected to compare and expand the research results in
the future.
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