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Abstract

Construction contracts are always regarded as complex and voluminous documents that make it harder to
extract required information, preventing its smooth functioning. Due to the recent technological
advancements, automated and smart contracts can be considered as an alternative to the traditional contract
documents that manage its provisions, obligations and clauses by itself. Since the adoption of smart contracts,
which can only be performed with the whole participation of involved stakeholders, is limited in the
construction industry, this study aims to investigate the stakeholder-associated drivers to implementing smart
contracts. For this purpose, a framework based on fuzzy technique for order of preference by the similarity-
to-ideal-solution (TOPSIS) is developed consisting of eighteen drivers to be prioritized. A number of
eighteen experts, who have adequate experience in both construction industry and contract administration,
contributed to this study. The results indicate that (i) simple layout to read, (ii) reduction in risks of clients,
(iii) clarity in responsibility and risk allocation, (iv) easy to comprehend from various stakeholders, and (v)
conflict, claim and dispute reduction were the top five drivers to implement smart contracts. The findings
imply that other than its own advantages, the reasons to seek the adoption of smart contracts are mainly the
deficiencies of the traditional contract documents. The findings of this study are expected to assist research
and development departments of the firms seeking to implement smart contract, while addressing the gap in
the literature in this context.
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1. Introduction Despite its conservative characteristics, the pace of
change in  construction industry  appears
indispensably due to rapid technological
advancements. Various forms of automation in
construction has been widely examined and
adopted in construction projects, but still the key
legal document, the contract itself, has not been
investigated adequately in terms of automation, yet
there is a huge potential [5]. Construction contracts
are complex and voluminous documents that make
it harder to read and achieve common interpretation
principles by numerous involving parties [6]. In

Effective contract administration has significant
impact on the achievement of project goals
successfully. Project scope, risk allocation,
definition of responsibilities and technical details of
the required tasks are formed in contracts [1, 2],
which give legal responsibility to involved parties
[3]. Thus, fair and well-designed contracts can be
considered as a catalyst to meet expectations of
contracting parties [4].
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addition, contracts are often drafted by lawyers with
legalese language, but read and used by engineers
without proper legal knowledge [7]. When the
contracts become automated and intelligent, then
the involvement of lawyers is no longer at the
periphery [5]. Although full automation is
extremely challenging, the advantages of
automated and smart contract support the efforts
made in this regard [8].

There are a huge number of studies
investigating contracts with respect to various
issues such as claims [9], dispute resolution clauses
[10], semantics [11], readability [12] and standard
forms [7] etc., however, the adoption of smart
contracts is overlooked in the literature. Given this
gap, this study is an attempt to investigate
stakeholder-associated drivers to implementing
smart contracts, highlighting that the effective
adoption relies on the willingness of the contracting
parties. Fuzzy technique for order of preference by
the similarity-to-ideal-solution (TOPSIS)
framework was developed and drivers were
analysed based on data provided by industry
professionals who are experienced in contract
administration. Briefly, this study aims to ascertain
the most significant reasons that companies would
like to adopt smart contracts, in order to assist
research and development entities of construction
companies in understanding the essential needs
about the automation of construction contracts.

2. Smart contracts in construction industry

Smart contract can be defined as a computer-based
transaction protocol executing contract expressions
to satisfy contractual obligations such as payment,
liens and enforcement [13]. Contractual
performance, payments and other procedures can be
embedded as code by rule-based operators in smart
contracts, which is irrevocable, once initiated [14].

A construction contract generally consists of
three elements as involved parties, intended works,
and clauses including provisions. Obligations,
permissions, responsibilities, risk allocation and
prohibitions are all indicated in contract clauses,
through which a contract execution can become

automated. One of the most prevailing study and
framework about smart contracts was performed by
Luo et al. [15]. They developed a semi-automated
blockchain-based interim payment framework to
ease the manual payment process. A payment logic
was formalized to automate actions required prior
to the initiation of interim payments and an example
scenario was proposed to visualize proposed
approach. Mason and Escott [8] examined the
perceptions of stakeholders to adopt smart contracts
in construction projects. They performed a
questionnaire and listed major barriers in smart
contract adoption. Expensive drafting process,
standardization issues, bugs and cyber threats were
considered as some of the reasons of slow
implementation.  Nanayakkara et al. [16]
investigated  stakeholders  perceptions  on
blockchain and smart contracts in construction
supply chains and found that efficiency, fairness,
trust, security, transparency, accountability,
compliance and standardization were the major
concepts addressed by diverse stakeholder to adopt
smart contracts.

3. Research methodology

The research methodology followed in this study is
provided in Fig. 1. First, stakeholder-associated
drivers to adopting smart contracts were identified
through literature review. Past studies [5, 8, 13, 17—
19] were used to form the initial list of drivers of
smart contracts. A list of drivers was then finessed
with a pilot study to ensure that the problem was
handled adequately, indicating stakeholder
associations. The final list of drivers is provided in
Fig. 2. It should be noted that most of the factors
that were found through literature survey were
revized with respect to stakeholder perspectives. A
questionnaire based on fuzzy TOPSIS method was
developed and experts were selected by using
purposive sampling technique [20] to attend the
questionnaire. Data was collected via one-to-one
interviews by using linguistic variables, which were
then converted to their triangular fuzzy
equivalences [21].
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Determination of stakeholder-associated drivers to implementing smart contracts

L

Refinement of the drivers for final arrangement of fuzzy TOPSIS framework with a pilot study

-

Selection of experts by using purposive sampling

<=

Individual data collection by using linguistic variables

<

Aggregation of subjective judgments

<

Formation of fuzzy normalized decision matrix (R)

<

Calculation of distance of each alternative to FPIRP and FNIRP

<

Evaluation of closeness coefficient (CC;)

¥

Analysis of the most and least significant drivers to adoption of smart contracts

Fig. 1. Research flow

The judgments of experts were aggregated to
determine i) fuzzy normalized decision matrix, ii)
fuzzy positive ideal reference point (FPIRP) and
fuzzy negative ideal reference point (FNIRP), and
iii) closeness coefficient. At the final step, drivers
were ranked based on closeness coefficients to
orient the most significant ones.

3.1. Expert profile

Due to the subjective nature of multi-attribute-
decision-making (MADM) methods, huge number
of participants is not required. It was asserted that a
large sample size used in such methods could even

be impractical, since “cold-called” experts may
provide arbitrary answers [22]. Therefore, experts
participated to the study were selected carefully
based on their experience [23] in both construction
industry and contract administration. In this respect,
quality of experts rather than quantity was taken
into account. Besides, in order to obtain diversity of
opinions, all experts were chosen from different
companies [24]. The profile of the experts attended
to pilot study and questionnaire is given in Table 1.
3 experts were asked to attend pilot study section of
this study, by considering their experiences,
involvement in contract related issues, and
willingness to aid in the research, all accepted.
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D1: Easy to comprehend from various stakeholders

D2: Simple layout to read

*D3: Reduction in risks of clients

*D4: Reduction in risks of contractors

*D5: Reduction in risks of subcontractors

*D6: Reduction in risks of suppliers

D7: Clarity in responsibility and risk allocation

D8: Conflict, claim and dispute reduction

D9: Adaptability to construction contracts

*D10: Smoother processes in client/contractor
relationship

*D11: Smoother processes in
contractor/subcontractor relationship

*D12: Smoother functioning in the relationships
with suppliers

*D13: Better stakeholder communication

*D14: Expediting procurement processes

*D15: Improvement in the quality of procurement
process

*D16: Cost reduction in procurement process

*D17: Client's orientation to adopt smart contracts

*D18: Contractor's orientation to adopt smart
contracts

*Drivers were included (or largely changed) during the pilot study.

Fuzzy
TOPSIS
method

Fig. 2. Framework of the study

The most
significant driver

The least
significant driver
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Table 1 Profile of experts

Experience in

Experience in contract

2 FEEEE; Rak construction industry administration
El Civil engineer Contract manager 11 8
E2 Civil engineer Cost control manager 20 12
E3 Architect Technical office coordinator 17 13
*E4 Civil engineer Tendering manager 23 23
E5 Civil engineer Real estate director 29 29
E6 Civil engineer Senior executive director 20 20
*E7 Acrchitect Project manager 38 34
ES8 Civil engineer Interim payment engineer 11 9
E9 Architect Design manager 27 15
*E10 Civil engineer Project manager 19 19
E1l Architect Technical office coordinator 16 16
E12 Civil engineer Technical office engineer 22 12
E13 Civil engineer Technical office manager 15 13
E1l4 Civil engineer Interim payment engineer 12 7
E15 Civil engineer Senior executive director 25 10
E1l6 Industrial engineer Planning engineer 6 4
E1l7 Acrchitect Project architect 25 15
E18 Industrial engineer Owner 25 15

*Expert attended to pilot study.

Then 28 industry representatives were asked to
attend the fuzzy TOPSIS questionnaire (including
those attended to pilot study) and 18 of them
accepted to attend the fuzzy TOPSIS questionnaire
with varying roles in construction companies. Main
contractors, clients, consultants and subcontractors
were determined to be target groups, however, only
limited number of experts from subcontractor and
consultant firms were found and invited to the
questionnaire survey. Contractual role of the
company of the experts is illustrated in Fig. 3. 50%
of the experts were from contractor firms, while
nearly 39% from clients. One expert from
subcontractor and consultant firms also contributed
to the study. Past literature about the adoption of
fuzzy TOPSIS method supports the sample size
used in this study [25-28].

3.2. Fuzzy TOPSIS

TOPSIS method was first introduced by Hwang and
Yoon [29], and is one of the most widely used
MADM tools [30]. This study adopted TOPSIS
approach due to its several advantageous. First, the
sound logic in TOPSIS method is close to the nature
of human decision making process [31], since it
establishes a solution by considering the shortest
distance to the ideal solution and the longest
distance to the negative-ideal solution [32].
Stability, mathematical calculation and required
computational time can also be regarded as strong
attributes of TOPSIS method [33]. Ertugrul and
Karakagoglu [34] asserted that TOPSIS is one of the
most powerful MADM methods in prioritization
problems.



Drivers for construction stakeholders to adopt smart contracts 106

33.39%

B Client

O Contractor

H Subcontractor

50.00%

Consultant

Fig. 3. Contractual role of the experts’ company

However, due to the inability of the traditional
MADM approaches to deal with fuzziness and
uncertainty based on data collected from experts
with subjective opinions, fuzzy set theory,
introduced by Zadeh [35], needs to be implemented
in any selected MADM tool. Therefore, fuzzy
TOPSIS approach was considered in this study to
deal with possible reliability issues [36]. In fuzzy
TOPSIS method, linguistic variables assigned by
experts are converted to their triangular
equivalences, as shown in Table 2 [37].

Five main steps were used in this study to
specify ranking of drivers with respect to fuzzy
TOPSIS method. These steps are provided in the
followings [38]:

Step 1. Judgments of experts participated to the
questionnaire individually were aggregated using
Eq. 1.

1 k
% =E[Zfi"jl i=12,..

e=1

ym;j=12,..,n

(1)

K,cl) is a triangular fuzzy

where %;; = (af,bf,
number, k is the number of experts, m is the number
of alternatives and n is the number of criteria. In
other words, arithmetic mean of the judgments was
used to indicate the preference of all experts.

Step 2. Fuzzy normalized decision matrix (R) was
formed using Egs. 2-4.

R = {7 ] men i=12,.,mj=12,..,n
)
. aij by Cij)
Tij = <—+'—+,—+ (3)
G o
C]:'— = maXCU (4)

where 7;; is a normalized triangular fuzzy number
j,rc;; ) for each alternative. It means that
each element in triangular fuzzy numbers was
divided by maximum possible value in the
corresponding matrix to calculate normalized
values.

(raij, rbi

Step 3. Fuzzy weighted normalized decision matrix
(V) is formed through Eqgs. 5-6.

V=[] mem i=12,..mj=12..,n
()
Uy = Ty Q W (6)

where i; represents the relative weight of criterion
Ci,.

Step 4. The distance to the fuzzy positive ideal
reference point (FPIRP, A%) and fuzzy negative
ideal reference point (FNIRP, A™) are determined
via Egs. 7-8.
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Table 2. Linguistic variables for criteria weights and alternatives

Corresponding triangular

Linguistic variables fuzzy number

Linguistic variables

Corresponding triangular
fuzzy number

Importance weights

Very low (1) (0,0,0.1)
Low (2) (0,0.1,0.3)
Medium low (3) (0.1,0.3,0.5)
Medium (4) (0.3,0.5,0.7)
Medium high (5) (0.5,0.7,0.9)
High (6) (0.7,0.9, 1.0)
Very high (7) (0.9, 1.0, 1.0)

Rankings

Worst (1) 0,0,1)
Very poor (2) 0,1,3)
Poor (3) (1,3,5)
Fair (4) (3,5, 7)
Goad (5) (5,7,9)
Very good (6) (7,9, 10)
Excellent (7) (9, 10, 10)

n

ar = d(w;,5) ™
j=1

a7 = ) d(vy,5) ®)
j=1

With respect to Egs. 9-10.

AY = (0,75, ., Ty) 9)

A™ = (01,03, Uy) (10)

where d;f denotes the distance of alternative i from
FPIRP, and d; denotes the distance of alternative i
from FNIRP. 17]-" =(1,1,)and ¥ = (0,0, 0), since
the triangular fuzzy numbers are in the range
between 0 and 1.

d (4, B) denotes the distance between two fuzzy
numbers and can be calculated as:

d(/T, E’) _ \/[(CH —by)? + (a; _3b2)2 + (az — b3)?]

(11)
Step 5. Closeness coefficient (CC;) are calculated at
the last step of fuzzy TOPSIS method.
d;

CC; = ————
oodf+d;

(12)

The higher the value CC; is, closer to the FPIRP
and farther to FNIRP of the alternative i. It means
that high value of CC; implies a good performance

of alternative i. Note that the alternatives in this
study are stakeholder-associated drivers.

4. Results and discussion

Fuzzy TOPSIS methodology was adopted in this
study to rank stakeholder-associated drivers to
implement smart contracts. Fuzzy decision matrix
calculated based on the judgments of 18 experts, is
shown in Table 3. Then normalized decision matrix
was formed (Table 4). The results of fuzzy TOPSIS

analysis are given in Table 5.

Table 3 Fuzzy decision matrix

Drivers a;j by Cij

D1 6.22 7.89 9.00
D2 6.67 8.39 9.50
D3 6.56 8.28 9.33
D4 5.61 7.39 8.61
D5 4.89 6.61 8.11
D6 5.17 6.89 8.39
D7 6.56 8.22 9.28
D8 5.94 7.50 8.61
D9 4.44 6.17 7.61
D10 5.56 7.39 8.78
D11 4.11 5.67 7.00
D12 4.22 5.83 7.28
D13 5.56 7.33 8.72
D14 5.00 6.83 8.39
D15 5.50 7.11 8.39
D16 3.83 5.44 7.06
D17 4.00 5.56 7.00
D18 3.22 4.72 6.22
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Table 4 Fuzzy normalized decision matrix
Drivers ra;j Tby; TCij
D1 0.655 0.830 0.947
D2 0.702 0.883 1.000
D3 0.690 0.871 0.982
D4 0.591 0.778 0.906
D5 0.515 0.696 0.854
D6 0.544 0.725 0.883
D7 0.690 0.865 0.977
D8 0.626 0.789 0.906
D9 0.468 0.649 0.801
D10 0.585 0.778 0.924
D11 0.433 0.596 0.737
D12 0.444 0.614 0.766
D13 0.585 0.772 0.918
D14 0.526 0.719 0.883
D15 0.579 0.749 0.883
D16 0.404 0.573 0.743
D17 0.421 0.585 0.737
D18 0.339 0.497 0.655
Table 5 The results of fuzzy TOPSIS analysis
ID Drivers df d; CC;  Rank
D1 Easy to comprehend from various stakeholders 2224 0820 0269 4
D2 Simple layout to read 2185 0870 0.285 1
D3 Reduction in risks of clients 2194 0856 0281 2
D4 Reduction in risks of contractors 2274 0769 0253 8
D5 Reduction in risks of subcontractors 2.341 0.702 0.231 12
D6 Reduction in risks of suppliers 2315 0731  0.240 10
D7 Clarity in responsibility and risk allocation 2.196 0.852 0.280
D8 Conflict, claim and dispute reduction 2254 0.782  0.258
D9 Adaptability to construction contracts 2.386 0.654 0.215 13
D10 Smoother processes in client/contractor relationship 2.275 0.775 0.254 6
D11 Smoother processes in contractor/subcontractor relationship 2.430 0.602 0.198 15
D12 Smoother functioning in the relationships with suppliers 2413 0.622 0.205 14
D13 Better stakeholder communication 2278 0770 0253 7
D14 Expediting procurement processes 2.325 0.724 0.238 11
D15 Improvement in the quality of procurement process 2.291 0.747 0.246 9
D16 Cost reduction in procurement process 2.449 0.590 0.194 17
D17 Client's orientation to adopt smart contracts 2.438 0.595 0.196 16
D18 Contractor's orientation to adopt smart contracts 2.519 0.514 0.169 18
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The results indicate that “simple layout to read
(D2, 0.285)”, “reduction in risks of clients (D3,
0.281)”, “clarity in responsibility and risk
allocation (D7, 0.280)”, “easy to comprehend from
various stakeholders (D1, 0.269)” and “conflict,
claim and dispute reduction (D8, 0.258)” were the
top five drivers to adopting smart contracts.

It is unexpected that D2 was found to be the
most significant driver, since readability issues in
encoded expressions can also be regarded as one of
the barriers to implementing smart contracts. Even
standardization and familiarity are shown as
preliminary steps for the smooth functioning of
smart contracts [8]. The main reason of this could
be the current readability issues of traditional type
of contracts, since construction contracts are always
blamed to be long, complex and hard to read
documents [6]. D3 was ranked as the second most
significant driver. It is an estimated finding since
most of time the drafting process is held by clients,
and they can minimize their risks and orient the
contracts by their own interests by adopting smart
contracts, occasionally with the help of consultants.
However, this could impose a high risk for other
contracting parties such as contractors and
subcontractors. D7 was the third most significant
driver, which highlight the importance of clear risk
allocation and responsibility. This can also be
associated with the ambiguous traditional contract
documents, since unclear responsibilities and
improper risk allocation could entail conflicts [39].
If drafted properly, smart contracts can guarantee
the clear obligations and responsibilities. D1 was
considered as the fourth most significant driver
indicating the expectations of divergent
stakeholders  from smart contracts about
comprehensiveness. Finally, D8 was the fifth most
significant driver, which emphasizes the inherent
nature of construction industry with a massive
number of conflicts, claims, and unresolved
disputes. In overall view, the findings indicate that
industry professionals expect from smart contracts
to reduce contractual conflicts, comprehensiveness,
clear responsibilities, and simple layout.

Meanwhile, “contractor’s orientation to adopt
smart contracts (D18, 0.169)” was the least

significant driver to adopting smart contracts.
Contractors may consider that they can be faced
with various risks by client-based drafting process
of smart contracts, thus may show clear resistance
towards smart contracts. “Cost reduction in
procurement process (D16, 0.194)” and “client’s
orientation to adopt smart contracts (D17, 0.196)”
were the second and third least significant drivers
that force industry to implement smart contracts. It
means that there would not be enough cost
reduction in procurement process that attract the
industry for smart contract adoption, in spite of the
fact that digitization could reduce transaction cost
[17]. The reason of this could be that direct cost
would remain constant, but the indirect cost could
be reduced, and process might be relieved via
technological improvements in contracts. One of
the most significant findings of this study was that
even though clients’ risks can be reduced, still there
is not enough client willingness to adopt smart
contracts.

5. Conclusions

Contracts that give a legal responsibility to initiate
intended works have significant impact on the
successful project execution phase. Numerous risks
within the contract document threaten the effective
contract administration leading to adversarial
relationships among contracting parties. Due to the
rapid technological advancements, automated
contracts can be considered as an alternative to the
traditional contract documents that manage its
provisions, obligations and clauses itself. In line
with these, this study aims to evaluate stakeholder-
associated drivers to implementing smart contracts
by using fuzzy technique for order of preference by
the similarity-to-ideal-solution method.

Decision framework was developed through
literature survey and corrected with a pilot study,
since there are only few studies investigated the
adaptation of smart contracts to construction
industry. The findings imply that simple layout to
read, reduction in risks of clients, clarity in
responsibility and risk allocation, easy to
comprehend from various stakeholders, and
conflict, claim and dispute reduction were the top
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five drivers to implement smart contracts. The
results highlight that the reason to adopt smart
contract could be various deficiencies of traditional
contract documents, instead of the benefits of smart
contracts. It was found that risks of clients and
conflicts can be reduced, responsibilities can be
clarified, and contracts can become easier to read
and understand with the adoption of smart
contracts. Despite reduction in risks of client was
ranked at the top, clients’ orientation to adopt smart
contracts was found to be among the least
significant drivers. This controversy indicates the
resistance of the clients to adopt smart contracts
despite its obvious superiority over traditional
contract documents.

The findings obtained may increase the
awareness on the smart contracts in the construction
industry. Top drivers determined in this study can
be focused by research and development teams of
construction firms to serve as much benefits as
possible prior to smart contract drafting processes.
Possible solutions to the least significant drivers can
also reasonably improve the willingness to adopt
smart contracts. Particular risks in smart contracts
can be investigated in future studies.
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