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Abstract

The construction industry is grappling with financial challenges related to
payment management. Payment delays, contract complexity, lack of
transparency, and dispute resolution are some critical issues contributing
to this problem. These payment issues often lead to unintended
consequences such as delays, increased costs, decreased performance,
disputes, and bankruptcy. Implementing standardized payment practices
and adopting technology can help address these issues. This research
analyzed 60 articles, which were narrowed down to 13 relevant articles,
and found that "smart contracts"”, "construction contracts", "blockchains”,
and "blockchain technologies™ were the most significant contributors to
improving payment processes. The analysis results found that smart
contracts and blockchain technology can increase transparency,
collaboration, and automation, improving payment administration and
dispute resolution processes. Innovative blockchain-enabled frameworks
can also address the power imbalance in construction payments. By
leveraging technology, the construction industry can improve payment
management practices and enhance transparency, reducing the unintended
consequences of payment issues.

Keywords: Payment Management, Construction Project, Blockchain
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1. Introduction

Effective payment management is crucial in construction projects to
ensure financial stability and the smooth progression of activities. Payment
management includes the processes, systems, and protocols that facilitate
the timely and accurate payment of contractors, subcontractors, suppliers,
and other stakeholders involved. Despite its critical importance, payment
management is fraught with challenges that can compromise the efficiency
and financial health of construction projects. This research delves into the
current state of issues surrounding payment management in construction
projects, drawing insights from recent studies. The findings will provide a
comprehensive understanding of the challenges faced in payment
management and offer recommendations for improvement.

Current State of Issues

Delayed Payments:

The management of payments in construction projects poses a notable
challenge to the industry. The financial issues of clients, including
payment delays, money problems, and economic woes, are a potential
source of delays in construction projects (Abdul-Rahman et al., 2009).
Among the most persistent issues is the delay in payments, which can have
adverse effects such as hampered cash flow, strained relationships among
project stakeholders, and slowed project progression. These adverse
effects severely impact the construction sector, resulting in delays, costs,
and time overruns (Jeffrey Boon Hui et al., 2021). These delays can be
attributed to bureaucratic processing, disputes over work quality or
completion, and the complex structure of construction contracts. Late
payments by the employer negatively impact the contractor's cash flow,
and in many cases, this leads to the postponement of payments to
subcontractors and suppliers (Ahmadisheykhsarmast & Sonmez, 2020).
While payments are the lifeblood of construction projects, steady fund
flows are rare in practice (Ramachandra & Rotimi James Olabode, 2015).
Payment issues lead to several undesirable consequences, such as delays,
increased costs, reduced performance, disputes, and bankruptcies, which
could jeopardize project success (Ahmed, 2003; Sambasivan & Soon,
2007; Tran & Carmichael, 2012). Project delays are one of the most
prevalent, expensive, complex, and challenging issues encountered in
construction projects (Ameer-A & NAN, 2006; Chin Keng et al., 2020).
Payment problems are the primary cause of disputes in construction
projects (Kartam & Kartam, 2001; Liu et al., 2019; Ramachandra &
Rotimi, 2011; Ramachandra & Rotimi James Olabode, 2015).

In light of the above, an effective cash flow management strategy is crucial
to completing the project on time and within budget (Muller & Ward,
2013). The main reason for the delays is money problems (Adam, 2017).
Therefore, construction industry stakeholders must implement effective
payment processes and strategies to mitigate the risks associated with
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payment delays and other financial issues that could impact project
success.

Dispute Resolution:

Disputes are an inherent aspect of construction projects due to their
complexity and the involvement of multiple parties. However, payment-
related disputes pose a significant challenge when it comes to resolving
them. The reasons for disputes on construction projects are often due to
claims or disagreements associated with changes in conditions, additional
work, and contract times (Awwad et al., 2016; Mikhail Carol. & Serag,
2019; Wideman & Eng, 1990). Claims can be defined as assertions of the
right to property, money, remedy, lost time, relief, or compensation for
damages made by any party to the contract (Kumaraswamy, 1997,
McGeorge et al., 2007; Semple et al., 1994). Besides, increased costs,
delays, and negative impacts on the parties' future relationships and
communication often disrupt the flow of work due to conflicts and disputes
(Harmon Kathleen M., 2003; Jagannathan & Delhi Venkata Santosh,
2019; Ng Helen. et al., 2007).

Payment problems are a widespread issue in the construction industry that
has been a source of concern for decades (Ramachandra & Rotimi James
Olabode, 2015). Payment-related problems have been increasingly causing
disputes in the construction industry, which directly impacts the success of
construction projects and the industry's survival (Cheng et al., 2010).
Common payment problems, such as delays and non-payments, are often
caused by deliberate and/or unintentional actions of upper-tier
construction parties in many countries (Ramachandra & Rotimi James
Olabode, 2015). For instance, delays in approving contractors'
invoices/claims, settling payments, and releasing retention monies have
had significant impacts on constructors’ cash flows (Odeyinka et al., 2008).
Failure to make payments within stipulated timeframes means that
contractors would have to incur additional financing and transaction costs,
which increases their risk of insolvency (Euginie, 2006; Odeyinka & Kaka,
2005). Payment irregularities are a significant cause of disputes (Chan &
Suen, 2005; Kennedy., 2006). Non-compliance with payment provisions
and irregular processing of valuations for interim, final, and variation
claims cause disputes between project owners and constructors on
construction projects (Ramachandra & Rotimi James Olabode, 2015).
There are instances where disputes arose between construction parties
because of non-payment. For example, New Zealand reported that a
building contractor was not paid an interim payment of about $265,000 on
an apartment development project because the project owner (developer)
refused to pay the contractor for incomplete works and delays (Gibson,
2004). Similarly, a prominent developer opposed a bankruptcy application
brought by one contractor (Gibson, 2010). In this situation, the developer
owed the contractor nearly $1 million for a $100 million Hotel complex.
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Although not all contracts accurately capture the relationship between the
parties (Gupta & Venkataraman, 2010), when a dispute occurs, it could
turn into a disagreement that may not be resolved amicably by the party
involved (Arditi et al., 2009; Barrie & Paulson, 1992; Jagannathan et al.,
2021). Both arbitration and litigation are traditional means of dispute
resolution in the construction industry (Jagannathan & Delhi Venkata
Santosh, 2019, 2020; Treacy Thomas., 1995). Litigation usually demands
significant expenses and lengthy project delays (Cheung et al., 2002).
However, disagreements can lead to litigation (Torchia & Calabro, 2018).
To avoid this delay in litigation, ADR processes such as mediation,
adjudication, arbitration, and other hybrid methods have evolved (Brown
& L M, 1999; Haugen & Singh, 2015; Kaplan et al., 1991; Rosenberg &
Folberg, 1993; Stipanowich, 2004). The lack of a streamlined, universally
accepted dispute resolution mechanism continues to be a significant barrier
to efficient payment management.

Lack of Transparency and Inaccurate Documentation:

The construction industry is often faced with issues concerning
transparency and accuracy in documentation, which can have a direct
impact on payment management. Inaccuracies in billing, inadequate
documentation of completed work, and the non-transparent nature of
certain financial transactions can cause disputes and delays in payments.
Construction progress payments are critical to the successful delivery of a
project and the financial well-being of all stakeholders (Barrie & Paulson,
1992; Navon., 1996). The construction industry currently relies on
traditional contracts and information-intensive payment applications,
which are time-consuming to prepare and rely heavily on human-centered
workflows (Hesam & Martin, 2021). As a result, project stakeholders often
suffer from late or non-payments (Peters et al., 2019), making the
architectural, engineering, and construction (AEC) industry credit-heavy
and cash-poor.

Information transparency refers to the disclosure of accurate information
in a clear and understandable manner (Guo et al., 2019). Transparency has
three implications: disclosure, clarity, and accuracy (Schnackenberg &
Tomlinson, 2014). Traditional paper-based documents make it difficult for
project stakeholders to obtain and compare information, leaving room for
falsification of data or information (Guo et al., 2019). Furthermore,
information transparency is expected to contribute to the reduction of
corruption, such as fraud, deception, dishonesty, and bribery (Bowen et al.,
2007; Vee & Skitmore, 2003), by preventing unethical practices, such as
overstating time and resource requirements for variation, cutting corners,
and submitting false documents (Bowen et al., 2007; Stansbury &
Stansbury, 2008; Vee & Skitmore, 2003).

The increasing accessibility of digitized as-built progress data, powered by
robotics, building information modeling (BIM), and machine intelligence
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(Bilal et al., 2016; Ham et al., 2016; Santos et al., 2017), motivates a move
toward automation. However, payment automation is not yet a reality, and
current payment applications neither support the use of progress data nor
enable automation. Smart contracts enabled by blockchain technology
have shown promise in addressing the inefficiencies of payment systems
(Penzes et al., 2018); however, it is not clear what distinguishes this
technology from already available means of automating payments, such as
computerization of current payment applications (Hesam & Martin, 2021).
Automating construction progress payments can benefit all stakeholders
involved in the construction supply chain, including lenders, property
owners, general contractors, subcontractors, material suppliers, and
equipment rental firms, among others (Hesam & Martin, 2021).
Automation can result in cost and time savings and reduce untimely
payments, a major risk factor in construction (El-Sayegh, 2008) that can
have severe consequences for projects, including cost overruns, delays
(Assaf & Al-Hejji, 2006; Durdyev & Hosseini, 2020), and reduced trust
(Manu et al., 2015). This lack of trust slows down payment processing,
creating a vicious circle (Hawley, 2012; Manu et al., 2015). Although
digital tools and project management software have been instrumental in
addressing these issues, their adoption varies widely across the industry,
and the problem persists at large.

Regulatory and Contractual Complexities:

The complexity of construction contracts, coupled with the highly
regulated nature of the construction industry, further complicates payment
management. Payment regulations, such as retainage practices, vary by
jurisdiction and can significantly impact the cash flow of contractors and
subcontractors. Although a single, standard form of contract for the
construction sector has been recommended since the 1960s (Banwell,
1964), organizations continue to compete in promoting their suite of
contracts (McNamara & Sepasgozar, 2018). The perceived need to
customize construction contracts to suit individual projects still exists, as
does the careful consideration of project-specific parameters required to
execute a successful contract (Forward, 2002).

Partnering and framework agreements have faced challenges within the
industry due to a deep-rooted cultural aversion to trust (Mason, 2017). It
has been suggested that contracts be made trust-less (McNamara &
Sepasgozar, 2018).

Moreover, the multilayered structure of construction contracts can make it
challenging to determine payment responsibilities and timelines, leading
to delays and disputes. The construction industry's complex structure of
contracting and subcontracting sets it apart from other sectors (Empey,
2013). In the construction industry, payments flow from the owner to the
main contractor and then to various subcontractors and sub-subcontractors
based on satisfactory progress (Islam et al., 2017). Therefore, when any
Nanotechnology Perceptions 20 No.7 (2024)
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party higher in the payment structure withholds or delays payment, the
subordinate parties suffer from cash flow problems despite satisfactory
work (Islametal., 2017). In many cases, trade contractors are contractually
obligated by contingent payment clauses to continue working, even when
the payments owed to them have been delayed (Empey, 2013). The issue
is further complicated by paid-if-paid clauses and, to a lesser extent, by
paid-when-paid clauses (Islam et al., 2017).

Numerous factors contribute to late payment issues in construction
projects. These include inadequate financial management by the owner,
disagreements regarding the valuation of completed work leading to
delayed certification, applying pay-when-paid clauses with sub-
contractors, suppliers, and manufacturers, and non-adherence to
contractual provisions when requesting and claiming payments (Abdul-
Rahman. et al., 2006; Al-Khalil & Al-Ghafly, 1999; Arditi & Chotibhongs,
2005; Assaf Sadi. et al., 1995; Hamzah et al., 2014; Okpala Daniel &
Aniekwu Anny., 1988; Ramachandra & Rotimi, 2012; Ye & Abdul, 2010).
Most of these reasons are often beyond the control of contractors and other
parties in the contracting chain, including sub-contractors, suppliers, and
manufacturers. However, proper education and preparation can address
non-compliance with contractual provisions when requesting and claiming
payments.

Problem Formulation

Effective payment management is crucial to the success of construction
projects. However, the current state of payment management is fraught
with challenges that require a multi-faceted approach for resolution. To
improve the situation, it is necessary to implement standardized payment
practices and leverage technology for better transparency. Alternative
dispute resolution mechanisms should also be promoted, and the
regulatory framework concerning payment management improved.

The construction industry faces several issues, including delayed
payments, contractual complexities, lack of transparency, and dispute
resolution. These challenges require a collective effort from all
stakeholders to devise and implement effective solutions. Addressing these
challenges will pave the way for a more efficient, transparent, and
equitable payment management system, ultimately contributing to the
timely and successful completion of construction projects.

In summary, a comprehensive approach is necessary to enhance the current
state of payment management in construction projects. By implementing
standardized practices, leveraging technology, promoting alternative
dispute resolution, and improving the regulatory framework, the
construction industry can overcome the challenges it currently faces and
achieve a more efficient and transparent payment management system
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2. Research Methodology

This research paper conducted a comprehensive review of the existing
literature to identify and evaluate relevant articles. The study's research
methodology was designed with meticulous care and structured into
various phases to ensure the accuracy and validity of the results.
Accurately and efficiently identify keywords

During the initial phase of this research, the primary goal was to identify
pertinent keywords related to the research topic. To accomplish this, a
comprehensive literature review was conducted to identify significant
concepts and indicators that could be useful for the study. This preliminary
search facilitated the identification of a comprehensive list of relevant
keywords, which were then integrated into various keyword combinations
to develop an appropriate search strategy. By following this systematic
approach, the research established a strong foundation for the study,
allowing it to carry out subsequent phases with a clear sense of direction
and purpose.

Management

Project Payment Construction

Figure 1. Keywords used in search strategies.

The illustration presented in Figure 1 provides a lucid representation of the
correlation among the fundamental concepts of "Payment",
"Management"”, "Project”, and "Construction." The concepts are derived
from an exhaustive analysis of the existing literature on the subject matter.
The selected keywords were carefully considered and transformed into a
search strategy by integrating them into a search phrase. This search
strategy is anticipated to capture articles relevant to the research topic
effectively.

Crafting an effective search strategy

The second phase of this research aims to devise effective search strategies
to retrieve articles pertinent to the topic under investigation. The keywords
identified in Figure 1 will be amalgamated in various ways to create
multiple search strategies to facilitate a comprehensive search process. The
objective is to identify as many relevant articles as possible. The search
will be restricted to Scopus-indexed articles, given their superior quality
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and accuracy in citation data compared to other sources. Scopus is an
unbiased abstract and citation database maintained by eminent experts in
the field. It has been selected as a pertinent international and scientific
resource for this study.

Table 1. Keyword combinations per search strategy

No Keyword combinations

1 (“payment”) and (“management”) and (“‘construction”)
2 (“payment”) and (“management”) and (“project”)

3 (“payment”) and (“contract”) and (“construction”)

4 (“payment”) and (“contract”) and (“project”)

Table 1 presents the outcome of the formulated search strategy, which
incorporates four different search strategies to combine relevant keywords.
This methodology is particularly effective in identifying pertinent articles
for this research. The Publish or Perish software tool will be employed to
identify relevant articles specifically designed to gather and assess citation
metrics from various data sources. The software tool provides valuable
insights into the number of papers, total citations, and H-index. In this case,
the search using the Publish or Perish software tool will focus on searching
for articles indexed by Scopus.

Identification and screening the articles

The third phase of the research process involves identifying and screening
articles related to the study. These articles are subjected to meticulous
scrutiny to determine their quality and suitability for the research topic.
The selected articles undergo rigorous screening to meet the research
requirements and criteria. The outcome of this stage is a collection of
articles deemed most suitable for the study.

Remove duplicated articles.

Remove incomplete and ineligible articles.

Filter based on articles published in the last 10 years.

Filter articles that already have citations.

Filter articles that are journal article type.

Figure 2. The procedure for identification and screening articles.

Figure 2 presents a sequential, five-stage process that has been employed
to reduce the number of articles under consideration and facilitate data
analysis and mapping at a later stage. The first stage involves eliminating
any duplicate and incomplete/ineligible articles. The second stage consists
of screening articles based on their publication period, focusing on the
most recent ten years, to provide a fresh perspective and enable the study
to address current issues accurately. The third stage involves screening the
citations in the articles, as they indicate that other researchers and articles
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have recognized and referred to the concepts, ideas, and opinions presented
in the article, making them valuable contributions to the field. In addition,
the articles are screened by type and will only include journal articles, not
conference proceedings or statements. This ensures that the articles under
consideration are scholarly publications written by researchers, professors,
and other experts and that they focus on related disciplines or fields of
study. The rigorous identification and filtering process is expected to
ensure the quality and relevance of the article database, thereby enhancing
its academic and technical value. Overall, this process ensures that the
article database used in this study is of the highest quality and relevance,
enabling the researcher to draw accurate and informed conclusions.
Analyze, classify, and investigate the results thoroughly

The conclusive phase of the research process involves conducting a
comprehensive analysis, carefully classifying the articles, and thoroughly
investigating. Quantitative and qualitative studies will be performed on the
articles in question. This includes a rigorous examination and comparison
of the articles, with the primary objective of identifying descriptive terms
that can be classified into various aspects related to the research topic. This
analysis aims to identify the elements considered to contribute to the
research topic significantly. To facilitate this process, the study's results
are presented in graphical form, allowing for easy comparison and
interpretation. Overall, this stage is critical in providing a detailed
understanding of the research topic and the various aspects that contribute
to it. The classification of the articles and conducting a comprehensive
investigation focuses on examining the articles deemed most relevant and
will significantly contribute to the research topic. This process involves a
detailed examination of the selected articles to extract valuable insights
and relevant information. Ensuring that the review is comprehensive and
accurate is of utmost importance. This will help provide an in-depth
understanding of the research topic.

3. Results and Discussion

Quantitative analysis

Sixty articles were obtained through the implementation of four search
strategies spanning the years 1975 through 2024. This study's findings
provide a comprehensive overview of the literature available on the subject
matter. The research offers valuable insights and knowledge to the
academic and business communities interested in this field.

Table 2. Search result by keyword combination per search strategy.

N KeYWO'fd Keyword Combinations Used Search Result
0 combinations

1 Search strategy 1 (“payment”) and (“management”) and (“construction”) 11

3 Search strategy 2 (“payment”) and (“management”) and (“project”) 11

5 Search strategy 3 (“payment”) and (“contract”) and (“construction”) 32
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7 Search strategy 4 (“payment”) and (“contract”) and (“project”) 6

The Article's Total 60

Table 2 displays the cumulative count of articles retrieved from each
keyword combination employed in the four distinct search strategies. The
utilization of four keyword combinations yielded 60 articles.

searchstrategy 4 [N o
searchstaegy [ 3
search strategy 2 _ 11

Search Strategies

searchstrategy 1 || | [ A NNEEEEEIN .

0 5 10 15 20 25 30 35
Number of Articles

Figure 3. Search result articles by the search strategies.

The following data presents the total number of articles obtained through
each search strategy, as shown in Figure 3. The results demonstrate that
search strategy 3 was the most successful, generating 32 articles,
accounting for approximately 53,333% of the total. Conversely, search
strategy 4 produced the fewest articles, with only 6 articles, or
approximately 10% of the total.

1

2 2

1
\)OOOOWOOOOOAOOOOOO

1975 1980 1985 1990 1995 2000 2005 2010 2015 2020 2025
Years

Number of Articles
O FRL,r N WHOUU O N © © O

Figure 4. Search result articles by years.

The findings in Figure 4 illustrate a year-wise distribution of research
articles. The fluctuations in the count of articles found each year depict the
instability in the related research studies. 2022 recorded the highest
number of research articles, with nine accounting for approximately 15%
of the total. Conversely, some years, 1984, 2000, 2001, 2009, 2011, 2014,
2016, and 2023, had the least number of articles, with only one article each,
equivalent to 1.667% of the total. Additionally, there were certain years
wherein no articles were published, as depicted in Figure 2. Regarding the
ongoing 2024 period, the exact number of related articles produced is
uncertain as the period is still running. However, thus far, four articles have
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been documented in the 2024 period.

; Record |dcn[mc”d‘ﬁom. Remove duplicated articles (n = 10)
= Databases (n = 60)
3
g 7
b5 Records identified by complete and eligible articles: Remove incomplete and ineligible articles (n
= Databases (n = 50) =1)
_ 1
Records screened by based on articles published in the last 10 years: Remove articles with year of publication
Databases (n = 49) below 2014 (nh = 22)
2
5 Records screened by articles that already have citations: |Rem0ve those with citations below 1 (n = |
S Databases (n = 27) | 10)
1]
Recordings screened by journal article type: | |Remove articles other than journal article |
Databases (n = 17) v type (n=4)
— ¥
§ Report of the new articles:
2
= Databases (n = 13)

Figure 5. Data identification and screening of articles.

Figure 5 presents the process of identifying and screening all articles.
Initially, 60 articles were procured, out of which only 13 satisfied the
screening criteria. These 13 articles will undergo extensive analysis,
classification, and investigation to extract meaningful and insightful
conclusions on the research topic.

Table 3. Article results after identification and screening.

N Search Title Authors Cites Yea Publicizer
0 Strategies r Country

Automated payment and contract
management in the construction

1 Search industry by integrating building (Sigalov et 40 202 Switzerland
strategy 1 - - : al., 2021) 1
information modeling and
blockchain-based smart contracts
Streamlining the management of (Perera &
2 Search payment delays: the case of Sri Dewadoda 7 202 United
strategy 1 Lankan Government building 2031) 0 Kingdom
construction projects '
(Ahmadish
A smart contract system for eykhsarma
3 St?:émh 3 security of payment of st & 115 282 Neth(:rland
9y construction contracts Sonmez,
2020)
Construction payment
: h . (Hamledar
Search automation using blockchain P& 202 Netherland
4 enabled smart contracts and . 104
strategy 3 - . Fischer, 1 s
robotic reality capture
; 2021)
technologies
Role of Blockchain-Enabled (Hesam & .
5 St?:émh 3 Smart Contracts in Automating Martin, 92 222 l;gttgg
9y Construction Progress Payments 2021)
Search Blockchain and smart contracts: (Nanayakk 202
6 strateqy 3 A solution for payment issues in araetal., 53 1 Switzerland
9y construction supply chains 2021)
Search BIM |ntegrqted sm_art contract (Sonmez 202 Netherland
7 strategy 3 for construction project progress etal., 30 5 s
payment administration 2022)
Blockchain-based smart contract
8 Search for smart payment in (Wuetal, 13 202 United
strategy 3 construction: A focus on the 2022) 2 States

payment freezing and
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disbursement cycle

Administration of Construction (Dinr;"":;hk'
9 Search Contract Interim Payments Abdul- 4 201 United
strategy 3 Based on Earned-Value Malak 9 States
Reduction Techniques 2019)
1 Search A pC;:Jroprlate_Ty;E:es of Payrgentg (Mahdi et 3 202 United
0 strategy 3 in Construction Contracts Base! al., 2022) 5 States
on Agency Theory Parameters !
Reduction clause in an advance
1 Search payment guarantee (AP-bond) (Kim, 3 201 United
1 strategy 3 under an overseas construction 2019) 9 Kingdom
contract
1 Search Riﬂ;‘rﬂit‘i}gf\?&%z?t?;?g'n (Wuetal, 1 202 United
2 strategy 3 blockchain smart contracts 2023) 3 Kingdom
Side-payment contracts for
1 Search prefabricated construction (Zeng et 1 202 United
3 strategy 3 supply chain coordination under al., 2022) 2 Kingdom

just-in-time purchasing

Table 3 provides an overview of the articles identified and filtered during
the study. These articles were then subjected to bibliographic mapping
using the VOSviewer software based on keyword occurrence. The
resulting bibliographic mapping data will be analyzed and classified to
identify significant contributions and research gaps. This analysis plays a
vital role in designing and formulating an effective development system to
tackle this issue.

searchstrategy 4 0

searchstrtcoy s | !

searchstrategy2 0

Search Strategies

searchstrategy 1 [ 2

0 2 4 6 8 10 12
Number of Articles

Figure 6. Identified and filtered articles by search strategies.

Figure 6 provides a comprehensive overview of the articles identified and
filtered through the implemented search strategies. Amongst the four
search strategies, search strategy 3 exhibited the highest efficiency,
retrieving 11 articles, which accounts for approximately 84,615% of the
selected articles. Search strategy 1 followed closely behind, retrieving 2
articles, constituting approximately 15,385% of the articles chosen.
However, search strategies 2 and 4 did not result in any article retrieval.
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5

4 4

Number of Articles
o w ~
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N
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0
2012 2014 2016 2018 2020 2022 2024 2026
Years

Figure 7. Identified and filtered articles by years

An overview of the selected articles, filtered by year, is presented in Figure
7. The data highlights that the years 2021 and 2022 have the highest
number of articles with a total of 4 articles each, accounting for
approximately 30.769% of the total selected articles. In contrast, the year
2023 has the lowest number of articles, with only 1 article, which is about
7.692% of the selected articles. Notably, no articles were found in the years
2014 to 2018 and in the current year 2024.

140

115
120 104

Number of citations

92
53
40
40 30
20I7 13
4 3 3
0 = n. - -t
1 2 3 4 5 6 7 8 9

10 11 12 13
List of article numbers

Figure 8. Identified and filtered articles by the number of citations

The illustration presented in Figure 8 provides a comprehensive overview
of the articles procured through identification and filtering techniques
based on the number of citations. Article number 3 exhibits the highest
frequency of citations with a count of 115 while articles 12 and 13 have
the lowest frequency with only one citation each.

United States NN
United Kingdom |,
Switzerland - I 2

Publicizer Countries

Netherlands N 3

0 1 2 3 4 5
Number of Articles

Figure 9. Identified and filtered articles by the publicizer countries.

Figure 9 presents a comprehensive overview of the articles identified and

Nanotechnology Perceptions 20 No.7 (2024)



Improving Payment Management in Construction... J S Ramadhan et al. 2953

filtered based on the country of publication. The data indicates that most
articles were sourced from the United Kingdom and the United States, with
each country contributing four articles. Together, they account for
approximately 30.769% of all articles selected. In contrast, Switzerland
contributed the least number of articles, with only 2, accounting for
approximately 15.385% of all selected articles.

blockehain

Figure 10. Network visualization of bibliographic mapping by the co-
occurrence of keyword

Figure 10 illustrates the bibliographic mapping network visualization. The
visualization represents each topic through circles, which vary in shape,
indicating the research volume and its significant contribution. Connecting
lines between the topics show their relationship and influence on each
other. The colors used in the visualization represent different clusters, with
different shades of the same color indicating closer relationships among
the topics. Longer connecting lines indicate more distant relationships
between topics, while shorter ones indicate closer relationships.

Based on the color separation, four clusters were identified. Further
analysis reveals that four topics have a significant impact, with "smart
contracts" being the most important topic, followed by "construction
contracts”, "blockchains”, and "blockchain technologies”. The size of the
circles in Figure 10 shows the order of importance of these topics. The
visual representation highlights the relationship between these topics and
other topics.

blodkehain

paymeqt issues

comiitructign industry

Figure 11. Overlay visualization of bibliographic mapping by the co-
occurrence of keyword

The bibliographic mapping overlay's visualization is demonstrated in
Nanotechnology Perceptions 20 No.7 (2024)



Improving Payment Management in Construction... J S Ramadhan et al. 2954

Figure 11. Each topic is represented by a distinct color that signifies the
novelty of the year of publication. The publications that appear lighter in
color represent the more recent ones. This mapping has the potential to
demonstrate the novelty of each publication in relation to the topic of
study, making it highly relevant to contemporary issues. The technique
presents an efficient approach to visualize and analyze bibliographic data.
The mapping approach provides a clear understanding of the research
landscape in a specific area and enables researchers to identify knowledge
gaps in the field.

Figure 12. Density visualization of bibliographic mapping by the co-
occurrence of keyword

The visualization technique of bibliographic density mapping is
showcased in Figure 12. This method assigns a specific color to each topic
based on its frequency of discussion, debate, and research. The
bibliographic density mapping visualization approach presents a large
corpus of article documents related to the research subject matter in a
visual format that identifies the most prominent topics of discussion and
research. This technique provides a valuable tool for analyzing and
understanding complex data sets.

The visualizations of bibliographic mapping, as demonstrated in Figures
10, 11, and 12, are highly effective tools that showcase the intricate
relationships and connections between various bibliographic entities,
including authors, publications, and citations. These visualizations are
constructed using layering techniques and incorporate color or shading to
represent the density of diverse data types in a single map. They prove to
be valuable in detecting areas of high research activity, bringing the impact
of authors or publications to the forefront in a specific field, and
illuminating patterns, trends, and clusters in bibliographic data. These
maps are of immense value to researchers and academics alike, enabling
them to comprehend the evolution of research topics, determine key
contributions, and explore new research directions. Bibliographic mapping
visualizations, with their ability to offer a comprehensive overview of vast
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amounts of data, are an indispensable tool for professionals across various
fields.

Qualitative analysis

A comprehensive analysis was applied to all articles obtained. This was
done to get the essence of each study. From the analysis, The point that
can be concluded is "Information on blockchain-based solutions for
financial and payment issues in the construction industry".

The construction industry has long been struggling with financial and
payment issues. However, blockchain-based smart contracts offer a
promising solution. BIM-based tender documents and model-based
reporting can automate payment processing, change order management,
model-based reporting, and defect management.

One proposed system, the SMTSEC, is an intelligent contract-based
payment security system that automates payment for construction
contracts through a decentralized blockchain. This system enables timely
and transparent payment processing without the administrative expenses
or burdens of intermediaries such as banks or lawyers.

The proposed autonomous payment administration solution captures and
analyzes construction progress using machine intelligence and BIM-based
progress monitoring. The system then stores distributed progress data and
broadcasts it to a smart contract that administers payments and transfers
lien rights using cryptocurrencies/tokens and non-fungible tokens.

Smart contracts and blockchain technology can also enhance dispute
resolution and avoidance by making a single source of truth accessible to
all stakeholders. The construction industry can benefit from a blockchain-
based e-procurement framework that integrates with related blockchain-
based research on carbon estimating, building information modeling,
construction waste management, and post-contract work and payment
certification solutions.

A survey of construction professionals indicates that a BIM-integrated
innovative contract progress payment administration system has
significant potential for accelerating progress payments and reducing
disputes, particularly for lump sum projects. Semi-autonomous BIM-
integrated intelligent contract systems can potentially accelerate the
adoption of BIM and innovative contract technologies in the construction
sector.

Furthermore, the study analyzed the factors that influence the selection of
payment types in construction contracts. The study identified critical
agency parameters such as information systems, task programmability,
outcome measurability, outcome uncertainty, goal conflict, and agent risk
preference. It concludes that agency theory predictions can be observed in
construction contracts.

Moreover, the study analyzed advance payment guarantees (AP bonds)
and their legal and practical issues. The study recommends explicitly
Nanotechnology Perceptions 20 No.7 (2024)
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stating the reduction clause in the guarantee, not the construction contract.
It further discussed the issue of an advance payment guarantee and its
relation to the required documents for reduction.

Lastly, the text covers the challenges faced by prefabricated construction
supply chains (PCSCs) when adopting just-in-time purchasing (JITP). The
study proposes side-payment contracts that include a delivery-time
dependent subsidy and two constant transfer terms to establish a win-win
outcome when initiating the operation of JITP. The results show that JITP
yields higher profit for PCSC, and the proposed contracts are capable of
achieving a win-win coordination.

4, Conclusion

Upon analyzing the research results, four key points emerged as essential
to the appropriateness of the research topic: "smart contracts,”
"construction contracts,” "blockchains,” and "blockchain technologies.” A
more in-depth analysis of the selected articles indicates that the
construction industry faces numerous financial and payment challenges,
which can be effectively tackled by leveraging blockchain and smart
contracts. These cutting-edge technologies can enhance transparency,
collaboration, and automation while simultaneously improving payment
administration and dispute resolution processes.

Current research endeavors are focused on developing blockchain-based
frameworks and innovative contract payment systems to revolutionize the
traditional payment process in construction. These studies also explore the
challenges of adopting just-in-time purchasing and designing side-
payment contracts that facilitate win-win coordination between
construction supply chains and suppliers. One crucial factor in addressing
payment-related problems in the construction industry is the development
of blockchain-based smart contracts and payments.

In conclusion, this research highlights that the construction industry can
significantly benefit from the adoption of blockchain and smart contracts.
These advanced technologies offer a promising solution to the long-
standing payment-related issues in the industry by streamlining processes
and increasing efficiency.

The present study has made a significant contribution to the existing body
of knowledge on payment-related issues in the construction industry.
Future research can build on these findings to explore the topic further.
The conclusions drawn from this research can serve as a valuable reference
for authors and practitioners interested in supplementing current literature
on the subject.

The research has identified several areas for future investigation. These
include exploring the fundamentals of blockchain technology and smart
contracts, examining the challenges faced by the construction industry in
Nanotechnology Perceptions 20 No.7 (2024)
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terms of payment and financial issues, and investigating how blockchain-
based smart contracts can be leveraged to address these challenges.
Furthermore, researchers could investigate the use of digital BIM-based
tender documents and model-based reporting to promote collaboration,
transparency, and automation. The study of intelligent contracts and
blockchain technology to improve the dispute resolution and avoidance
process is another area of research that deserves further attention.
Additional research could focus on the adoption of blockchain-based
payment automation and the challenges associated with it, such as zero-
trust computing, creating an auditable single source of truth, and smart
contract security. The proposed blockchain-based e-procurement
framework for construction supply chains and the BIM-integrated
innovative contract progress payment administration system could also be
evaluated.

Other areas for future research include the analysis of the blockchain-based
intelligent contract payment system developed to address payment issues
in the construction industry, the review of progress payment valuations and
certifications, and the factors influencing the selection of behavior-based
and outcome-based payment types in construction contracts.

The legal and practical issues related to advance payment guarantees (AP-
Bonds) in the construction industry also warrant further investigation.
Finally, researchers could focus on the study of a blockchain innovative
contract-enabled framework to address power imbalances in construction
payment and the design of side-payment contracts to effectively achieve
win-win coordination between prefabricated construction supply chains
(PCSCs) and suppliers adopting just-in-time purchasing (JITP).

From the above conclusions, there are several research gaps that can be
identified, including specific challenges related to complex contract
structures and the lack of transparency that blockchain-based smart
contracts can address in the construction industry. Additionally, future
research can explore how blockchain technology and smart contracts can
improve progress payment valuations and certifications in the construction
industry and the legal and practical issues related to advance payment
guarantees (AP-Bonds) in the construction sector.
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