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Abstract: The growing interest in digitalization signals a need for technology-oriented supply chain
operations in the construction industry. Electronic procurement (e-procurement) aims to convert
traditional procurement approaches into web-based/online platforms. Even though e-procurement
is an effective tool that may improve supply chain management, the extent of e-procurement im-
plementation has been slow to date. This study investigates the barriers that hinder e-procurement
implementation in construction supply chains with the aim of prioritizing solutions to the identified
barriers relative to time, cost, quality, and construction owner satisfaction. A comprehensive literature
survey was performed, and a focus group discussion was organized for the purpose of the study,
which resulted in the identification of 28 barriers. Then, a total of 131 construction practitioners were
contacted to evaluate the barriers through a questionnaire survey. The responses were analyzed
using the fuzzy Technique for Order Preference by Similarities to Ideal Solution (fuzzy TOPSIS)
for prioritization. Finally, 15 semi-structured interviews were conducted to gain a deeper insight
into the transformation process from the conventional procurement route to the e-procurement
solution. Findings highlight that issues related to unexpected order cancellations, large variations
in material costs, and the uncertain nature of the industry that requires a large number of changes
are ranked as the most significant barriers. Given the highly competitive environment and the high
demand for advanced technologies in the construction industry, a new paradigm can enhance the
efficiency of supply chain operations. Exploring and eliminating the potential difficulties of adopting
e-procurement in the procurement process may be a good start. Overall, this research is expected to
facilitate the transformation of the procurement process by addressing the critical barriers identified
by practitioners.

Keywords: supply chain performance; online procurement; digitalization; construction industry;
fuzzy TOPSIS

1. Introduction

There is a growing interest in information and communication technologies (ICTs)-
based tools [1,2] as a result of the digitalization of the processes in the construction industry.
ICT is the integration of hardware, software, and networks to improve the quality of
information flow, promote effective communication, and eventually facilitate the decision-
making process [3]. Robust ICT implementations can enhance the effectiveness of many
organizational processes, including tendering and awarding, project monitoring and con-
trolling, and material purchasing and storage [1,4]. Although various obstacles have often
been encountered in the application of these technologies across the industry [5], successful
implementations of ICT offer a chance to explore new models, procedures, and products,
particularly in logistics and supply chain management [6].
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Robust supply chain management initiatives have become increasingly important
in the construction industry due to the industry’s project-based environment and multi-
stakeholder process [7,8]. Collaborative relationships among the involved parties improve
efficiency and quality in coordinating supply chain activities and improving the production
process [7,9]. In other words, effective material flow management reduces cost overrun,
time escalation, and quality defects [10]. However, it must also be noted that several
adversities have been reported in supply chain management and have been recognized
as a significant burden in achieving the targeted objectives in construction projects [11].
For instance, past research addressed problems such as project managers usually hav-
ing significant concerns about inefficient payment practices, lack of trust between supply
chain partners, and site layout/material handling issues that hamper supply chain per-
formance [10,12–14]. Here, the setbacks in the improvement of supply chain processes
can be attributed to three sector-related issues: (1) the temporary nature of construction
projects [15], (2) variations in design and inadequate production processes [16], and (3) the
multiple and different needs of the many stakeholders in construction projects [17]. Given
the high level of uncertainty in the industry, innovative supply chain activities that intro-
duce more connected, secure, transparent, and flexible solutions [18] may have a critical
role both in facilitating supply–demand connections and in improving overall supply chain
performance [14,19].

One of these innovative applications involves using electronic supply chain (e-supply
chain) processes, which has drawn significant attention among researchers [20,21]. The
e-supply chain can be defined as an integration of Internet technologies across all pro-
cesses in the supply chain, such as production, planning, procurement, inventory manage-
ment, distribution, and logistics [21–23]. Among a plethora of e-supply chain processes,
e-procurement (that is, an electronically performed set of procurement activities), is an
indispensable element [24] since issues encountered in traditional procurement might
incur hidden risks that can pose threats to the subsequent processes of supply chain
management [25]. E-procurement platforms present important opportunities for indus-
try practitioners to minimize a wide range of issues, such as order errors, conflicts be-
tween stakeholders, and timeouts in material delivery, beyond traditional procurement
operations [26,27]. Despite the strategic and operational advantages of electronic appli-
cations [28,29], industry stakeholders usually raise concerns about the use of electronic
applications in supply chain management [30,31]. Indeed, companies report experiencing
challenges relative to capacity, cost, quality, and customer service under competitive market
conditions [32]. As a result, procurement systems may have a significant impact not only
on cost and time but also on dispute propensity in construction projects [26,33].

The main research focus of this study is to understand the barriers and challenges
during the integration of e-procurement procedures into construction supply chains. Ac-
cordingly, the aim is to identify and evaluate the barriers to using the e-procurement process
in the context of time, cost, quality performance, and construction owner satisfaction. To
accomplish this objective, (1) a comprehensive literature review was conducted to establish
a list of e-procurement barriers; (2) a focus group discussion (FGD) was undertaken to
revise and finalize the list of barriers; (3) a questionnaire survey was performed to collect
data about the final list of barriers; (4) fuzzy TOPSIS was used to prioritize the barriers; and
(5) semi-structured interviews were performed to understand the underlying reasons of
continuing to use traditional procurement practices. Overall, the findings of this study are
expected to inform not only researchers but also practitioners about the importance and
advantages of using e-procurement practices in the construction industry. It is expected
that the practical implications of this study will include (1) identifying the barriers to
e-procurement adoption and implementation, (2) ranking these barriers by importance
relative to project performance criteria, and (3) allowing practitioners to overcome these
barriers and achieve a smooth transition from traditional procurement to e-procurement.
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2. Literature Review
2.1. The Role of E-Procurement in Digital Supply Chains

A supply chain is defined as a network of organizations that are involved in executing
different operational processes and activities to add value (through upstream and down-
stream relationships) in delivering products and/or services to customers [34,35]. Having
a robust supply chain network is very important for construction companies [36] since
delivery on time, cost reduction, and managerial efficiency are ensured by effective supply
chain practices [37,38]. Innovative technologies in supply chain management lead to rapid
improvements in handling supply chains and allow companies to gain a competitive edge
and satisfy the rising demands of customers [39]. In the digitalization era, the “e-supply
chain” is regarded as a key innovative element of a company’s business model designed to
improve supply chain management [23]. The concept of the “e-supply chain” has signifi-
cant potential not only in ensuring decision making and process efficiency [40,41] but also
in monitoring and controlling business operations [42].

Digital transformation and automation in the procurement process in the construction
supply chain can be achieved via Internet-based technologies such as e-procurement or
e-commerce [28,43]. As an inseparable part of data-driven supply chain management [44],
e-procurement can be defined as a web-based application enhancing packages, tools,
workflow systems, and procedures, aiming to automate procurement processes [45]. The
Internet/web-based technologies can further provide companies and their supply chain
partners with various opportunities and ways to develop new e-business models [46].
Implementations of e-procurement can enable faster delivery of orders, elimination of
errors, and healthy exchange of information [47]. Hence, according to Atluri et al. [48],
establishing web-based, data-driven, and technology-enabled practices in supply chain
operations is likely to offer more responsive, agile, and resilient business models. Overall,
Pourmorshed and Durst [49] claim that companies with digitalized supply chains can
increase long-term organizational sustainability and continuity.

2.2. Past Studies on E-Procurement Implementation

There has been extensive research focusing on multiple aspects of electronic systems
used to improve procurement processes. The impacts of e-procurement systems on supply
chain performance were specifically investigated in many of the studies. For instance,
Pattanayak and Punyatoya [14] employed structural equation modelling (SEM) to delineate
the impacts of e-procurement and supply chain technology internalization on supply
chain performance in the construction industry. The researchers found that e-procurement
implementation had a significant impact on supply chain performance. A similar research
question was also raised by Wijaya [50] to assess whether there is a positive association
between e-procurement implementation and supply chain performance for small and
medium-sized enterprises (SMEs). They found a positive and significant link between
the two concepts and highlighted the role of transparency and effectiveness of the system
in the successful implementation of e-procurement practices. For SMEs, Madzimure
et al. [47] examined the relationships among diverse forms of e-procurement (e-sourcing,
e-design, e-informing, e-negotiation, and e-evaluation), supplier integration, and tangible
and intangible aspects of supply chain performance. The researchers discovered that
e-sourcing, e-evaluation, and e-informing did not improve supplier integration within
SMEs but increased overall supply chain performance significantly. Similarly, Chang
et al. [51] investigated the contribution of e-procurement to supply chain performance (in
terms of cost and capacity utilization) through partner relationships, information sharing,
and supply chain integration. Other researchers underscored the positive impact of e-
procurement on firm performance, in addition to supply chain performance [52,53].

Even though e-procurement is considered to be one of the instruments boosting firm
performance, understanding the issues and/or hindrances of adopting e-procurement
is essential for companies [19]. As in traditional procurement systems, practitioners
may encounter issues such as data security, poor integration with existing systems, and
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transparency in supply chain operations [54]. The literature highlights that, unlike e-
procurement in other industries, such as manufacturing, e-procurement in construction
involves highly complex and challenging system operations [55]. While Eadie et al. [31]
investigated how drivers and barriers to construction e-procurement vary from coun-
try to country, Eadie et al. [27] examined the drivers and barriers to e-procurement and
their perceived differences between public and private organizations. In both studies,
it was found that the importance of drivers of and barriers to an e-procurement system
depends on the subjective perceptions of the individuals who participated in the study.
Although past efforts examined e-procurement implementations in construction as well as
their effects on the performance of the supply chain, none of the past studies ranked the
barriers to e-procurement on the basis of project performance criteria such as time, cost,
quality, and construction owner satisfaction. Studies that specifically focused on barriers to
e-procurement are discussed in the following sub-section.

2.3. Studies on Barriers to E-Procurement Adoption/Implementation

Several studies have been conducted to identify the barriers that hinder e-procurement
implementation in the construction industry [27,30,56]. In one of the studies, Yevu et al. [56]
performed a systematic literature review to discover the nature of the relationships among
barriers to e-procurement in the construction industry and found that organizational/individual
resistance to change, which was found as one of the critical barriers, was strongly associated
with lack of trust and inadequate technical capability. Similarly, the findings by Isikdag [30],
who investigated e-procurement barriers grouped into four categories, namely technological,
organizational strategy, marketing, and human and process factors in the Turkish construction
industry, also underlined the barrier of “lack of trust”. Yevu et al. [26] pursued a different
research direction and compared barriers to and strategies for e-procurement in the construction
industry in developed and emerging economies. The researchers concluded that practitioners
in both developed and emerging economies had similar views on the importance of barri-
ers related to unethical practices (electronic authentication issues), financial concerns, and
technical capabilities.

Investment in e-procurement includes initial cost, maintenance cost, hiring cost, train-
ing cost, and Internet service cost [56]. The high cost of using e-procurement systems
causes organizations to focus on cost rather than performance gains, which, in turn, leads
to cost/benefit concerns [24]. Aduwo et al. [43] and Farzin and Nezhad [57] considered
high investment costs to be a key economic/financial barrier. Other studies examining
barriers to e-procurement highlighted a variety of issues, such as potential cyber-attacks
on the supply network [28], security concerns [24], cultural attitudes [58], insufficient ICT
infrastructure [43,55], and unreliable power supply [43,55].

Although multi-criteria decision-making (MCDM) methods can be powerful for evalu-
ating several and sometimes conflicting criteria, such as benefits and/or barriers related to a
particular issue, there have been only a few attempts to adopt MCDM tools in the pertinent
literature. For instance, the ICT-related risks of e-procurement were ranked by Ramku-
mar [59] by means of a modified fuzzy analytical network process (fuzzy ANP). Similarly,
Ramkumar et al. [60] identified the risks of e-procurement by using SWOT analysis, and
they then used a modified fuzzy ANP to assess the risks of e-procurement in manufacturing
industries. In another study, fuzzy analytical hierarchy process (AHP) [61] was used to
rank the factors affecting green e-procurement through a cloud model in hospitals [62].
MCDM tools were not used in any study to rank e-procurement barriers by their relative
importance in the construction industry. In this study, fuzzy MCDM is performed to rank
the barriers affecting the adoption of e-procurement in the construction industry based on
their importance relative to several project performance criteria.
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3. Methodology

The research methodology consists of five steps (literature review, focus group dis-
cussions, questionnaire survey, fuzzy TOPSIS method, and semi-structured interviews) as
explained in the following sections (Figure 1).
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Figure 1. Flowchart of the research.

3.1. Literature Review

Initially, a systematic literature review was conducted to generate a list of barriers
to e-supply chain and e-procurement. Relevant studies were identified using the Sco-
pus search engine due to its well-established, effective, dependable search tools as well
as extensive coverage [33,63]. The following three query strings were searched in the
“Title/Abstract/Keywords” field of Scopus to limit the scope of the review, resulting in
65 research papers:

1. String: TITLE-ABS-KEY (“e-supply” OR “e-procurement” OR “electronic supply” OR
“electronic procurement”) AND

2. String: TITLE-ABS-KEY (“barrier” OR “risk” OR “challenge” OR “enabler” OR
“driver”) AND

3. String: TITLE-ABS-KEY (“construction”)

In the next step, the collected materials were restricted to include only journal articles,
which yielded 33 research papers published between 2001 and 2022. In the final step, the
papers that are not directly related to e-procurement barriers or risks and that focus on
technology rather than its implementation were eliminated, as a result of which 13 studies
were found to be suitable for this study in the first search.

To achieve a more comprehensive understanding of the barriers to e-procurement, the
third query string consisting of the keyword “construction” was excluded from the search,



Buildings 2024, 14, 605 6 of 21

which resulted in 538 studies. Then, the type of publication was limited to “article” (search
result: 255 studies), and irrelevant subject areas such as chemistry, medicine, and energy
were removed from the search space (search result: 213 studies). The full papers of these
213 studies were carefully screened. After removing the duplicates between this search and
the first search, 20 papers were found to be relevant to this study in addition to the original
13 papers identified in the first search. In total, 33 papers that addressed barriers affecting
e-procurement were reviewed.

3.2. Focus Group Discussion (FGD)

A focus group discussion is an exploratory approach aiming to generate knowledge by
means of dynamic interactions among experts [64]. After a comprehensive literature review,
79 barriers were identified in the 33 studies considered in this study. These 79 barriers were
examined by a group of experts in a focus group discussion. Some of the 79 barriers were
straightforward and accepted, some were irrelevant and rejected, some were merged to
consolidate ideas and avoid duplication, and some were split to discriminate better. In
addition, the experts were encouraged to add barriers that were overlooked in the literature.
This method was used to (1) elicit the perspectives of the experts relative to the barriers [65],
(2) assess the appropriateness of the barriers for use in the study [66], and (3) establish the
synthesized and revised final list of barriers to e-procurement [67].

Ajayi and Oyedele [68] suggested between 5 and 25 experts with a proper background
in the subject to perform effective focus group discussion, whereas Nyumba et al. [69]
recommended between 3 and 21 experts. While a large number of participants (e.g., 20
to 50) may increase the complexity of the operation, a low number of participants (e.g.,
2 to 5) may hinder the generation of creative ideas and solutions [70,71]. In this study,
seven eligible construction professionals agreed to share their opinions, knowledge, and
experiences in the focus group discussions. Participants were selected based on their
educational background and their position in the construction industry and supply chain
management. Experts were selected from companies at random. All participants had
between 12 and 35 years of experience in both the construction industry and supply chain
management. The profiles of the seven professionals who participated in the focus group
discussions are presented in Table 1, marked by an asterisk.

Table 1. Profiles of the participants who contributed to semi-structured interviews.

Participant
ID Position in the Company Level of

Education
Main Business of

Participant’s Employer

Experience in
Construction
Industry
(Years)

Experience in
Supply Chain
Management
(Years)

1 * Purchasing consultant Bachelor’s Consulting firm 35 35
2 * Purchasing manager Master’s Facility management firm 15 15
3 Purchasing director Bachelor’s General construction firm 15 5
4 * Contracts manager Master’s Architectural design firm 17 17
5 Senior architect Master’s Engineering design firm 17 9
6 * Budget planning leader Bachelor’s Engineering design firm 17 12
7 * Purchasing director Bachelor’s Highway construction firm 22 22
8 Founder Master’s Internet company 15 13
9 Manager Master’s Engineering consulting firm 25 25
10 * Manager Bachelor’s General construction firm 23 20
11 Technician Associate’s General construction firm 30 25
12 Site engineer Bachelor’s General construction firm 17 10
13 * Engineer Master’s General construction firm 15 15
14 Manager Bachelor’s Engineering consulting firm 32 32
15 Site engineer Bachelor’s General construction firm 18 18

* Professionals who also participated in focus group discussions.
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There were mainly three outputs of the focus group discussions: (1) removing the
irrelevant barriers from the list made after the literature review, (2) merging similar barriers
to improve clarity and eliminate duplication, and (3) including additional barriers that are
considered to be important by the experts. The list of the final 28 barriers identified at the
end of group discussions is presented in Table 2.

Table 2. List of barriers affecting e-procurement.

Code Barriers Affecting E-Procurement Sources

B1 Security concerns (e.g., cyber-attacks) for the supply network Ibem and Laryea [58], Cardoso and
Biazzin [29]

B2 Lack of production planning system Experts’ contribution

B3 Large variations in material costs Experts’ contribution

B4 Highly competitive marketplace that may result in quality issues Experts’ contribution

B5 Large number of suppliers leading to complex evaluation process Angeles and Nath [72]

B6 High transaction frequency leading to inefficient procurement Ramkumar et al. [60]

B7 Uncertainties about the required products and technologies Cardoso and Biazzin [29], Yevu et al. [56]

B8 Critical assets procured by a limited number of suppliers Ramkumar et al. [60]

B9 Inadequate remote access capability of some firms Ibem and Laryea [58], Yevu et al. [26]

B10 User unfriendliness and inflexibility of the electronic system Ibem and Laryea [58], Aduwo et al. [43],
Yevu et al. [28]

B11 Organizational resistance to changing traditional procurement routines Eadie et al. [73], Isikdag [30], Farzin and
Nezhad [57]

B12 Accuracy, authenticity, and confidentiality concerns about the
electronic system

Eadie et al. [73], Toktaş-Palut et al. [24],
Yevu et al. [28]

B13 Resistance to abandon suppliers with whom the project team has had good
relationships in the past Toktaş-Palut et al. [24], Charpin et al. [19]

B14 Lack of personal interaction/contact in the online environment Ibem and Laryea [58], Aduwo et al. [43],
Isikdag [30]

B15 Limited human resources with technical knowledge and expertise Eadie et al. [27], Charpin et al. [19]

B16 Uncertain nature of the industry that may necessitate frequent
change orders Experts’ contribution

B17 Legal and regulatory complexities Gupta and Narain [74], Isikdag [30]

B18 Limited number of users in the e-supply network Isikdag [30], Cardoso and Biazzin [29]

B19 High implementation cost Hawking et al. [75], Ibem and Laryea
[58], Nasrun Mohd Nawi et al. [76]

B20 Reactive and short-term planning Experts’ contribution

B21 Emphasis on cost rather than performance Eadie et al. [31], Farzin and Nezhad [57],
Toktaş-Palut et al. [24]

B22 Not being able to develop a dynamic procurement environment Experts’ contribution

B23 Need for internal integration before external integration Experts’ contribution

B24 Need for standardization in internal processing Nawi et al. [77], Isikdag [30]

B25 Poor real-time connectivity Farzin and Nezhad [57], Aduwo et al.
[43]

B26 Information security issues for sensitive data Eadie et al. [73], Aduwo et al. [43]

B27 Installation and maintenance difficulties in setting up the electronic system
infrastructure

Angeles and Nath [72], Isikdag [30],
Cardoso and Biazzin [29]

B28 Unexpected order cancellations Kumar et al. [78], Alshurideh et al. [79]
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3.3. Questionnaire Survey

A questionnaire survey was conducted to assess the importance of 28 barriers iden-
tified after the focus group discussions. The participants were asked to evaluate the
importance of 28 barriers relative to time, cost, quality, and construction owner satisfaction
using a seven-point Likert scale (1 = least important and 7 = extremely important). The rea-
son for using the seven-point Likert scale was its higher measurement precision compared
to the five-point Likert scale [80].

The questionnaire was sent to 198 construction professionals, and a total of 162 ques-
tionnaires were received. Of them, 131 valid responses were obtained after excluding
questionnaires with incomplete data, resulting in a response rate of 66%. The profiles of the
respondents are provided in Table 3.

Table 3. Profile of the participants to focus group discussions (n = 131).

Category Characteristic Frequency Percentage
(%)

Gender Female 17 13
Male 114 87

Education Level Associate’s degree 2 1
Bachelor’s degree 101 77
Master’s degree 27 21

PhD degree 1 1

Working experience in the industry ≤9 years 79 60
10–19 years 39 30
20–29 years 9 7
≥30 years 4 3

Experience in supply chain ≤9 years 95 73
10–19 years 26 20
20–29 years 7 5
≥30 years 3 2

Stakeholder role Contractor 59 45
Owner 45 34

Sub-contractor 26 20
Supplier 1 1

The reliability of the collected data was checked by calculating the Cronbach alpha
coefficient, which turned out to be α = 0.98. Cronbach’s alpha coefficient needs to be above
the threshold of 0.70, and a Cronbach’s alpha coefficient greater than 0.90 indicates excellent
internal consistency [81].

3.4. Fuzzy TOPSIS

In this study, TOPSIS was used alongside fuzzy set theory (i.e., fuzzy TOPSIS) to
identify the most important e-procurement barriers. TOPSIS was adopted in this study due
to (1) its high performance in one-tier decision trees, (2) its wide use in a variety of research
fields for ranking problems, and (3) its similarity to the principles of the human decision-
making process [82,83]. TOPSIS was developed by Hwang and Yoon [84] and offers a
solution based on the minimum distance to the positive ideal solution and the longest
distance to the negative ideal solution [85]. The working principle of fuzzy TOPSIS, which
is well-suited for the rankings of various alternatives under different subjective criteria, is
the main reason for researchers to adopt this method [82]. This approach was also selected
due to its simplicity, enabling easy conversion of the triangular fuzzy numbers into crisp
values [86,87]. In fuzzy TOPSIS, time, cost, quality, and construction owner satisfaction
were recognized as the four criteria and were used to rank the 28 barriers. Construction
projects often experience cost overruns, delays, quality failures, and owner dissatisfaction,
making cost, time, quality, and owner satisfaction the major factors influencing project
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success in the construction industry, more so than in other industries [88,89]. The linguistic
expressions of the responses and the corresponding triangular fuzzy numbers used in this
study are provided in Table 4 [85].

Table 4. Linguistic scale used in Fuzzy TOPSIS.

Linguistic Expression of Level of Importance Crisp Value Triangular Fuzzy
Numbers

Not important 1 (0, 0, 1)
Low importance 2 (0, 1, 3)
Slightly important 3 (1, 3, 5)
Neither important nor unimportant 4 (3, 5, 7)
Moderately important 5 (5, 7, 9)
Very important 6 (7, 9, 10)
Extremely important 7 (9, 10, 10)

The procedure to conduct fuzzy TOPSIS analysis was as follows [90]:
Step 1: The crisp judgments of the k experts were transformed into appropriate

triangular fuzzy numbers (Table 4). Crisp values (such as 6 for very important) were
used in the data collection process and then converted to corresponding triangular fuzzy
numbers (such as (7, 9, 10)). The ratings of the barriers are aggregated for each criterion by
using Equation (1).

∼
x ij =

1
k

[
k

∑
e=1

∼
x

e
ij

]
i = 1, 2, . . . , m barriers; j = 1, 2, . . . n criteria (1)

In this equation,
∼
x ij =

(
a k

ij, bk
ij, ck

ij
)

is a triangular fuzzy number, k is the number of
respondents, m is the number of barriers (28), and n is the number of criteria (4).

Step 2: A normalized fuzzy decision matrix
(∼

R
)

is obtained by using a linear scale

transformation by using Equations (2) and (3). Here, normalized values were computed by
dividing each element in the triangular fuzzy numbers to the maximum possible value in
the corresponding matrix [91].

∼
R =

[ ∼
r ij

]
mxn

i = 1, 2, . . . , m barriers; j = 1, 2, . . . , n criteria (2)

∼
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,

bij

c+j
,

cij

c+j

)
(3)

c+j = maxcij (4)

Step 3: A weighted normalized fuzzy decision matrix
(∼

V
)

is calculated by using

Equation (6), where
∼
wj denotes the relative weight of criteria (Cj). In this step, the corre-

sponding matrix
(∼

V
)

was calculated by multiplying criteria weights and the values in the

normalized decision matrix, as the weights of the criteria differ from each other [92].

∼
V =

[ ∼
v ij

]
mxn

i = 1, 2, . . . , m barriers; j = 1, 2, . . . , n criteria (5)

∼
v ij =

∼
r ij ⊗

∼
wj (6)
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Step 4: The fuzzy positive ideal reference point (FPIRP, A+) and fuzzy negative ideal
reference point (FNIRP, A−) are determined using Equations (7) and (8), respectively.

A+ =
(∼

v
+

1 ,
∼
v
+

2 , . . . ,
∼
v
+

n

)
, where

∼
v
+

j is the maximum of
∼
v ij (7)

A− =
(∼

v
−
1 ,

∼
v
−
2 , . . . ,

∼
v
−
n

)
, where

∼
v
−
j is the minimum of

∼
v ij (8)

The distance of each barrier from A+ and A− are calculated by using Equations (9)
and (10), respectively.

d+i =
n

∑
j=1

d
(∼

v ij,
∼
v
+

j

)
(9)

d−i =
n

∑
j=1

d
(∼

v ij,
∼
v
−
j

)
(10)

where d+i is the distance of barrier i from FPIRP, and d−i is the distance of barrier i from

FNIRP. On the other hand, the distance between two fuzzy numbers
(

d
(∼

A,
∼
B
))

can be

calculated by using Equation (11) [85].

d
(∼

A,
∼
B
)
=

√√√√[
(a1 − b1)

2 + (a2 − b2)
2 + (a3 − b3)

2
]

3
(11)

Step 5: The closeness coefficient ( CCi) of each criterion is calculated by using Equation
(12). It means that the distance of each criterion from the fuzzy negative ideal solution was
divided by the sum of its distance from the fuzzy positive and negative ideal solutions [93].

CCi =
d−i

d+i + d−i
, where 0 ≤ CCi ≤ 1 (12)

The barrier with the highest closeness coefficient (CCi) is the closest to the FPIRP and
farthest from the FNIRP. Thus, the ranking of the barriers to the adoption and implementa-
tion of e-procurement can be determined by comparing the closeness coefficients (CCi).

3.5. Semi-Structured Interviews

The information on traditional e-procurement practices in construction projects was
examined via semi-structured interviews comprising four open-ended questions asked to
15 construction professionals.

• What kind of procurement process is currently used in your company?
• What are the underlying challenges that you encounter in the traditional procurement

process?
• What are your observations about the major advantages of the traditional procurement

process?
• Would you like to use an e-procurement system? Do you have any ideas or opinions

about e-procurement that you would like to add?

The major reasons for using semi-structured interviews include (1) to collect qualitative
data that could enhance the reliability and validity of the study [94,95]; (2) to provide
participants with the freedom to express their views and thoughts on a specific topic,
namely e-procurement [94,96]; and (3) to provide flexibility for participants to move beyond
the core question and answers to uncover hidden patterns [96,97].

According to Bahadorestani et al. [98], semi-structured interviews should be conducted
with 10 to 20 experts with appropriate backgrounds in the subject in question. In this study,
the participants in the semi-structured interviews included 15 construction professionals
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who also participated in the questionnaire survey. The following criteria were used to
evaluate the eligibility of the participants for this task: (1) working in different positions
for construction companies (e.g., purchasing director, project manager, site engineer, and
contract administrator), (2) having at least 15 years of experience in the construction
industry, (3) having a high educational level, and (4) having at least five years of experience
in supply chain management. The profiles of the interviewees are shown in Table 1.

4. Results

The responses were analyzed by using fuzzy TOPSIS, and Table 5 shows the closeness
coefficients (CCi) and the rankings of the barriers to the adoption and implementation of
e-procurement in construction. The results indicate that the top three barriers include issues
related to unexpected order cancellations (B28) with a CCB28 of 0.5538, large variations in material
costs (B3) with a CCB3 of 0.5502, and the uncertain nature of the industry that requires high
number of changes (B16) with a CCB16 of 0.5482.

Table 5. Results of fuzzy TOPSIS.

Average

Barriers d+
i d−i CCi Rank Time

(1–7 Scale)
Cost

(1–7 Scale)
Quality

(1–7 Scale)

Construction Owner
Satisfaction
(1–7 Scale)

B1 0.7223 0.4515 0.3847 20 4.809 4.038 3.260 3.710
B2 0.5332 0.6433 0.5468 4 5.137 4.443 4.267 4.557
B3 0.5285 0.6466 0.5502 2 4.290 5.504 4.359 4.397
B4 0.5588 0.6248 0.5279 6 3.817 4.076 5.397 4.855
B5 0.9353 0.2598 0.2174 28 3.130 3.053 3.519 3.260
B6 0.7532 0.4380 0.3677 22 4.733 3.802 3.481 3.504
B7 0.6078 0.5725 0.4851 8 4.603 4.290 4.344 4.229
B8 0.6279 0.5509 0.4673 12 4.321 5.168 4.008 3.710
B9 0.6938 0.4850 0.4114 17 4.656 4.046 3.748 3.809
B10 0.7451 0.4357 0.3690 21 4.382 3.740 3.664 3.786
B11 0.6136 0.5633 0.4786 10 4.748 4.168 3.878 4.511
B12 0.5507 0.6205 0.5298 5 4.473 4.351 4.565 4.802
B13 0.6255 0.5526 0.4690 11 4.366 4.099 4.137 4.534
B14 0.7836 0.3933 0.3342 26 3.901 3.519 3.542 3.969
B15 0.6305 0.5454 0.4638 13 4.603 4.405 3.878 4.260
B16 0.5307 0.6440 0.5482 3 5.015 4.626 4.176 4.664
B17 0.7662 0.4200 0.3541 24 4.069 4.504 3.122 3.565
B18 0.8035 0.3764 0.3190 27 4.038 3.626 3.229 3.771
B19 0.7676 0.4119 0.3492 25 3.565 5.023 3.275 3.458
B20 0.6832 0.4944 0.4199 15 4.290 4.542 3.794 3.817
B21 0.6032 0.5721 0.4868 7 4.191 4.870 4.397 4.085
B22 0.7008 0.4837 0.4084 18 4.588 4.191 3.565 3.863
B23 0.6915 0.4937 0.4166 16 4.588 4.229 3.664 3.908
B24 0.6775 0.5095 0.4292 14 4.695 3.824 3.969 4.092
B25 0.7626 0.4235 0.3571 23 4.321 3.809 3.504 3.779
B26 0.7037 0.4778 0.4044 19 4.076 3.939 3.863 4.313
B27 0.6118 0.5665 0.4808 9 4.863 4.542 3.878 4.153
B28 0.5232 0.6493 0.5538 1 5.260 4.878 3.924 4.481

Note: Bold values correspond to the highest score for each criterion.

Concerning the four assessment criteria, the barrier of greatest importance relative to
the cost criterion was B3, high variations in material costs with a CC of 5.504, followed closely
by B4, high competitiveness which may result in quality issues relative to the quality criterion
with a CC of 5.397, and B28, issues related to unexpected order cancellations relative to the time
criterion with a CC of 5.260, while B3 was found to have the greatest importance relative to
the cost criterion. Regarding the quality and construction owner satisfaction criteria, high
competitiveness which may result in quality issues (B4), was the most critical barrier.
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Figure 2 presents the answers of the semi-structured interview participants. The
overwhelming majority of them (93%) pointed out that the traditional procurement method
was used in their company (Figure 2). An interviewee defined this process as follows:
“(1) to propose a purchase request, (2) to study a proposal for selecting a suitable supplier
among different alternatives, (3) to pick a firm that meets their expectations in terms of
both price and other needs, and (4) to sign a contract with the selected firm”. On the other
hand, another interviewee stated that they usually integrated digital support tools into the
traditional procurement process in their supply chain operations.
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According to Figure 2, half of the interviewees considered the traditional system to
be time-consuming due to the lengthy procedures in the purchasing processes, the late
feedback and reactions, and the slowness of the decision-making mechanism. Additionally,
22% of the participants pointed out that a pricing policy that involves ever-increasing
prices at consistently large increments could hinder the supply process. Moreover, they
also mentioned several other challenges in using traditional procurement, such as planned
budget overrun, difficulty of communication between parties, inability to react to problems
in a timely manner, and issues in conflict resolution (Others (28%) in Figure 2).

Despite the above-mentioned challenges of the traditional procurement method, sev-
eral advantages were also articulated (Figure 2). The opportunity in traditional procurement
to establish strong social/informal relationships with the suppliers was considered by 31%
of the participants as a distinct advantage, as close personal relationship often creates a
relaxed environment to discuss and resolve issues with mutual satisfaction. For example,
an interviewee stated that “since in traditional procurement there is more dialogue with
the supplier, it can be more effective in bargaining and in dealing with extraordinary
conditions (e.g., the urgency of the purchase, the quick supply of samples to potential
customers, and the shipping of sample products). By-products of strong relationships were
identified by 25% of the interviewees as effective communications and by 19% as flexibility
in decision making.

Concerning the transition from traditional procurement to e-procurement, only 40% of
the interviewees expressed their willingness to do so (Figure 2), whereas many interviewees
(33%) answered that they were not ready to switch to e-procurement, emphasizing that
close bilateral relations were important and that manual processes were more reliable.
Interestingly, 27% of them stated that they could use e-procurement only for some specific
products and/or services.
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5. Discussion

The opportunities presented by web-based platforms have enabled companies to im-
prove their supply chain performance relative to efficiency, cost, and time [14]. Companies
can shift their operations from traditional procurement to e-procurement to leverage the
many benefits of digitalization and to gain a competitive advantage over their competitors
in the long run [99]. The construction industry undergoes compelling transformations to
adapt to changes [100], and the digitalization of the supply chain in construction operations
is critical in modernizing the existing business management strategies [101]. Although sev-
eral studies have indicated that the rate of adaptation to the rapidly changing construction
industry is slow, it is even slower when it comes to adopting digital technologies [102]. The
ability of construction firms to adjust to changes is recognized as a fundamental competency
for remaining competitive in the market [103]. A change in the procurement process can
also be considered to be one of the major changes occurring in the construction industry,
as evidenced by the finding presented in Table 5 that the uncertain nature of the industry
that requires a large number of changes (B16) was ranked by focus group participants in this
study as one of the most important barriers to adopting and implementing e-procurement
in construction firms.

Competitiveness, which drives various efforts on the part of construction companies
and project teams, is another distinctive feature of the construction sector [104]. To survive
and thrive in a highly competitive market amid the changing expectations of stakeholders,
construction companies usually seek to diversify their products and operations [105] and
to improve their management practices, including digitizing the supply chain manage-
ment [106]. It must be noted, however, that efforts to remain competitive can give rise to
quality trade-offs [107], leading to numerous claims and sometimes legal disputes [108].
Indeed, according to the focus group participants in this study, a shift from traditional
procurement to e-procurement to remain competitive in the marketplace may come at a
cost since, according to the information in Table 5, high competitiveness may result in quality
issues (B4), a barrier to e-procurement that was identified by the respondents as having
the greatest importance in construction quality and construction owner satisfaction in
Table 5. Due to a lack of interaction and poor communication between the stakeholders in
e-procurement [30], the severity and frequency of quality issues observed during supply
chain operations can lead to numerous claims/disputes and a loss of trust between the
parties [109,110]. In the e-procurement environment, firms tend to focus primarily on the
purchasing cost of products and services rather than the established quality standards, re-
sulting in a lower quality of project deliverables [111]. In this regard, open and transparent
communications between construction companies and suppliers are of vital importance in
dealing with quality deficits [112] and avoiding legal disputes [113].

It was found in this study that large variations in material costs (B3) are the second
most critical barrier to adopting and implementing e-procurement. It was also the most
important barrier affecting the cost of construction. Several researchers reported that severe
fluctuations in material prices significantly affect delivering projects on time, within budget,
and with expected quality standards [111,114]. The reason for large price variations can be
related to the digital pricing mechanisms adopted by many companies that may generate
an uncontrolled widening of the gap between supply and demand. This glitch in some
e-procurement platforms may cause significant and rapid changes in material prices in
response to changing market conditions, which makes trading in such high uncertainty
challenging for many firms [115].

Information and communication technologies constitute a foundation for the devel-
opment of online purchasing systems for construction firms to use [116]. However, the
actual stocks of the suppliers and the volume of buyers’ orders cannot be known precisely
in e-commerce business models such as business-to-business and business-to-consumer.
When inventory verification for a purchase order is performed after an existing order
is completed, a decrease in demand can sometimes in demand, resulting in unexpected
order cancellations [117]. Among the 28 barriers cited in Table 5, issues related to unexpected
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order cancellations (B28) were found to be the most important barrier overall and the most
important barrier relative to the time criterion. The lack of appropriate contracts outlining
the rights and responsibilities of the contractors and suppliers, as well as the inadequate
administrative procedures for settling conflicts between contractors and suppliers, may
create problems when cancellations are requested. Just-in-time purchasing is advised by
Liu and Nishi [118] to minimize issues that may arise due to order cancellations. Ouyang
et al. [119] claim that just-in-time purchasing can contribute to the performance of supply
chains by shortening the lead time between order and delivery, removing extra expendi-
tures, and enhancing service quality of the customers, while according to other researchers
(e.g., Abbasi et al. [120], Abbasi et al. [121]), just-in-time purchasing increases the likelihood
of large delays in deliveries and consequently may cause large delays in project completion
resulting in the contractor paying liquidated damages to the construction owner.

It is important to note that construction companies are usually reluctant to adopt new
technologies [122]. As a result, as seen in Figure 2 and asserted by [123], construction com-
panies’ procurement operations have chiefly been conducted using traditional procurement
methods. Unfortunately, this process is prone to fluctuations in price depending on the type
of product, the volume of the demand, and the level of urgency in the delivery [124]. In
addition, as shown in Figure 2, the time-consuming process of traditional procurement is an
important challenge. This challenge is usually conducive to errors in the procurement pro-
cedure, including mistakes made in orders, mistakes made in delivery, return of products
to the supplier, and long waits for replacements [125]. Construction supply chains inher-
ently require building trust as well as a strong relationship and effective communication
between contractors and suppliers. According to the information in Figure 2, this practice
is considered by the members of the focus group to be the most important advantage of
traditional procurement in overcoming potential difficulties that may occur during the
procurement process [126]. Overall, Figure 2 indicates that the number of respondents who
do not wish to use e-procurement is not low (33%), possibly because these responses are
associated with the perceived dramatic reductions in human activities and interactions [56].

This study confirms the findings of some past studies on e-procurement barriers but
also points out some differences relative to the findings in some other research studies. For
example, the finding that unexpected order cancellations (B28) are one of the most critical
barriers to the adoption and implementation of e-procurement confirms the findings of [78].
Some of the barriers found to be important, such as large variations in material costs (B3),
highly competitive marketplace that may result in quality issues (B4), and uncertain nature of the
industry that may necessitate frequent change orders (B16), were also found to be important in
some other studies [43,56,58].

The investigation of technology-supported supply chain implementations has become
more prominent in recent years in the literature. For instance, Joshi and Sharma [127] found
that digital supply chains have a variety of functions and advantages, such as dynamic
fulfilment capability, decision-making support, and high-transparency digital procurement.
Zilin et al. [128] performed semi-structured interviews to explore participants’ experiences
with blockchain in construction supply chain and highlighted the increasing transparency,
trust, and security in supply networks. Zekhnini et al. [129] performed a literature review
to explore the impact of different technologies on supply chain processes and developed a
roadmap for future practice.

From the methodological lens, one of the distinctive features of this study is the use of
fuzzy TOPSIS to rank the e-procurement barriers by their importance. Most of the extant
literature on e-performance involves simple statistical analysis [26,74,130], even though
statistical analysis is based on determinate principles that do not reflect real-life conditions
since human judgments are uncertain and most real-life questions require consideration of
multiple and conflicting criteria. In this study, fuzzy TOPSIS is used where each expert’s
linguistic expression is converted to its triangular fuzzy equivalence [131], and the overall
ranking is conducted by considering several performance criteria.
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6. Managerial Implications

In this study, the barriers to the adoption and implementation of e-procurement in
construction are identified and evaluated for the purpose of easing the transition from tra-
ditional procurement to e-procurement. Ranking barriers to e-procurement by importance
to practitioners helps supply chain administrators and project managers focus on the key
barriers that need to be overcome. Therefore, the conditions under which supply chain
processes can be digitalized more effectively are examined in this study. It is expected
that the uncertainties and deficiencies of traditional procurement can be reduced, thereby
boosting supply chain efficiency and eventually improving project performance. The re-
sults of this study can assist managers in developing appropriate supply chain strategies
to promote better project performance since the proposed ranking framework offers a
linkage between the barriers and the critical project success factors. This can also allow
managers to focus on the key barriers for specific performance criteria. E-procurement is
expected to provide enhanced real-time information sharing, improved communication,
and long-lasting, trust-based, data-driven relationships between contractors and suppliers.

7. Conclusions

E-procurement plays a critical role for construction companies in adapting to the
rapidly changing business environment. However, contractors and suppliers in the con-
struction industry have encountered substantial challenges and barriers to e-procurement
adoption and implementation. In this study, the barriers to adopting and implementing
e-procurement were identified by conducting a comprehensive literature review and focus
group discussions. These barriers were investigated using a questionnaire survey admin-
istered to practitioners to assess their impact on project outcomes, including time, cost,
quality, and construction owner satisfaction, followed by the use of fuzzy TOPSIS to rank
the barriers by relative importance. The major findings and corresponding contributions of
the current research can be stated as follows:

• Although there are studies that investigated how to improve supply chain manage-
ment in both developed and developing countries, this study investigated the barriers
to the adoption and implementation of e-procurement in the construction industry
with a particular emphasis on project performance criteria, including time, cost, quality,
and construction owner satisfaction. The paradigm developed in this study improves
the viability of e-procurement by reducing the negative impacts of the most important
barriers and by supporting data-driven real-time supply chain management, collabo-
rative relationships between contractors and suppliers, and streamlined and efficient
procurement processes.

• The highly competitive and uncertain nature of the marketplace causes quality issues,
material price fluctuations, order cancellations, and a large number of change orders.
This situation was found to instigate the key barriers to the adoption and use of
e-procurement. The barriers mentioned in the literature were identified and refined
by seven practitioners who participated in focus group discussions by contributing
with their extensive knowledge and experience in the industry and in supply chain
management. The resulting list of barriers was organized as a questionnaire that
was administered to 131 professionals. This was followed by a series of fifteen semi-
structured interviews. It can be stated with confidence that identifying the most
critical barriers to the use of e-procurement by using this thorough and comprehensive
analysis is expected to have a significant positive impact on the efficiency of supply
chain management.

• Semi-structured interviews showed that traditional procurement relies on contractors
and suppliers being able to develop trust between them and appreciate manual labor
rather than technology-driven solutions. However, minimizing the effects of the
barriers to the use of e-procurement can not only create trust between contractors
and suppliers but also facilitate the inevitable digital transformation of supply chain
management in the construction industry.
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Like any research study, this study too has some limitations. One of the limitations
is that the interview and questionnaire survey findings were based on the participants’
perceptions of working in the Turkish construction industry. Since their opinions may
be affected by the conditions specific to Türkiye, the barriers investigated in the study
and the rankings of the barriers may be different in other countries. Another limitation is
that even though all participants in the survey and the subsequent interviews were very
familiar with supply chain management, only a few of them had used e-procurement.
Hence, some of the barriers may have been overlooked by the participants. It would be
desirable to survey and interview two distinct groups of participants in future research,
one group composed of traditional procurement managers and the other of e-procurement
managers. Finally, the barriers were ranked based on four performance criteria, including
time, cost, quality, and construction owner satisfaction. Further studies could evaluate
additional performance criteria such as communication, productivity, data security, and
competitiveness. In addition, the research can also be extended by considering potential
opportunities for digital tools, similar to other studies [132,133]. Despite these limitations,
this study provides guidance for construction companies aiming to enhance e-procurement
practices by addressing essential issues to promote successful transition routes. Overall,
given that digitalization is inevitable and underway in many construction companies,
the findings of this study are expected to help practitioners smoothly transition from
traditional procurement to e-procurement, providing an opportunity to implement real-
time information sharing and data-driven supply chain operations.
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