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Abstract

Construction projects require certification of quality, progress of work, and related
payments to ensure successful completion. However, several issues related to quality,
progress, and payment certifications exist in the construction industry. Therefore,

a two-stage systematic review of the literature was conducted with the objective of
understanding issues and appropriate solutions related to quality, progress, and payment
certifications in construction projects. The literature review, following the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA] guidelines,
retrieved journal articles in Scopus and Web of Science published between 2008 and
2023. In stage 1, 1,450 records were retrieved through search queries on prevalent
issues, and 50 articles were selected after applying inclusion criteria and screening.
Stage 2 of the review sought technological imperatives that mapped to the pinpointed
issues. A total of 1,262 search results were screened using the same criteria as the first
stage, producing 45 articles. The studies related to quality and progress certification
highlighted issues
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such as defects, failures and rework; delayed project completion; and inaccurate documentation

and reporting. Payment certification-related articles discussed issues like payment delays, non-
payments, payment disputes, and insolvency. Building information modelling, artificial intelligence, and
blockchain technology and smart contracts were highlighted as the major technological imperatives
for solving these issues. These technologies support rigorous inspections, ensure compliance of
building materials and products, enable contract fulfilment, and guarantee payments, thereby
effectively addressing the issues. The study strongly advocates for blockchain and smart contracts as

a comprehensive technological solution to overcome certification-related challenges in construction
projects.

Keywords

Blockchain; Construction; Payments; Quality; Systematic Review

Introduction

Construction projects are complex and dynamic endeavours that demand the effective coordination of
numerous stakeholders. The success of these projects depends on the accurate assurance and certification
of the quality and progress of work as well as the certification of related payments. This process is essential
for ensuring that the final product aligns with specified requirements and that all parties involved are
fairly compensated for their contributions. Despite the critical nature of these processes, the industry faces

challenges related to the certification of quality, leading to significant compliance failures (Maund, Sher and
Naughton, 2014; Shergold and Weir, 2018; Wu, Lu and Xu, 2022) and a lack of accountability for issues
in certification and delays in approval of work (Maritz and Gerber, 2017). Additionally, the construction

industry’s cash flow challenges, highlighted by high rates of payment delinquency and bankruptcy (Griffiths

Lord and Coggins, 2017; Wang, et al., 2023b) and payment disputes along the construction supply chain
(Bolton, et al., 2022; Francis, Ramachandra and Perera, 2022), further complicate project execution. Quality

assurance directly influences progress tracking and, consequently, the certification of payments (Ashworth

and Perera, 2018). Hence, the interconnectedness of quality, progress, and payment issues in construction

projects requires a comprehensive approach to find effective solutions.

'The choice of a systematic literature review as the methodology for this study is driven by the need
for a structured examination of existing research on these issues. Therefore, the objective of this paper
is to critically examine the technological imperatives for addressing the pervasive issues related to the
certification of quality, progress, and payments in construction projects. By identifying the core problems
and the generic solution strategies reported in the literature, this review aims to pinpoint the technological

imperatives essential for enhancing certification processes and ensuring the success of construction projects.

Research methodology

The research question for the systematic literature review was this: “What is the current state of research
on issues related to certification of quality, progress, and payments in construction projects, and the related
solution strategies and technological imperatives for solving these issues?” A comprehensive search was
performed in two stages on the Scopus and Web of Science databases to identify relevant literature using
the PRISMA guidelines (Page, et al., 2021) to answer this research question. A two-stage review was
adopted to address the complex nature of the topic under consideration, enabling a more structured and
focused analysis.

The first stage of the systematic literature review aimed to identify the issues related to certification
and the generic solution strategies. The steps are illustrated in a flow diagram in Figure 1 and described
subsequently.
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Figure 1.  Flow diagram for systematic literature review on issues related to quality, progress, and

payment certifications.

'The following advanced search query was used in Scopus: TITLE-ABS-KEY (“construction” AND
(“quality” OR “defect” OR “payment” OR “progress” OR “work” OR “inspection”) AND (“certification” OR
“certificate” OR “certify™”) AND (“issues” OR “challenges” OR “problems” OR “solutions” OR “strategies”
OR “technologies”)). A similar query was used in Web of Science with the same keywords and logical
operators in the Title Search field.

A total of 1,450 records were returned from the search queries, with 1,112 from Scopus and 338 from
Web of Science. These studies were screened for inclusion based on the predefined inclusion and exclusion
criteria. The inclusion criteria were journal articles that pertain to issues of the certification of quality,
progress, and payments in construction projects and relevant solutions published between 2008 and 2023 in
English. Exclusion criteria were non-English language publications, conference papers, book chapters and
grey literature not related to the certification of quality, progress, and payments in construction projects. The
477 records remaining after screening were checked for duplicates, and 97 duplicate papers were removed,
producing 380 eligible articles. Subsequently, titles and abstracts were manually evaluated to screen articles

for in-depth analysis. A total of 50 articles were included in the review, with 35 articles related to quality
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extracted according to the two major categories of issues.
'The second stage of the systematic review aimed to discover technological imperatives for the identified
issues (Figure 2). The Scopus and Web of Science databases were searched using keywords identified

through the previous analysis.

Search terms in title,
abstract, keywords

l

Records identified from
databases:
Total = 1262
(Scopus = 895
Web of Science = 367)

Inclusion criteria
Language: English
Publication year: 2008 — 2023
Type: Journal article
Subject area: Relevant to scope
of the study

nclusion
criteria
applied

Eligible Ineligible
\I/ studies studies 1

Records excluded
from the review =
857

Records selected for
further review = 405

l

Duplicate records
removed = 115

Records manually
scanned =290

Records included in
the review = 45

Figure 2.  Flow diagram for systematic literature review on technological imperatives related to
quality, progress, and payment certifications.

'The advanced search query on Scopus was as follows: (TTTLE-ABS-KEY(“defect™” OR “failure™
OR “rework” OR “project delay*” OR “inaccurate documentation” OR “inadequate documentation” OR
“conflict of interest” OR “accountability” OR “payment delay”” OR “underpayment” OR “nonpayment”
OR “payment dispute®” OR “conflict”” OR “poor communication” OR “insolvency” OR “retention” OR
“compliance” OR “inspection” OR “quality management” OR “training” OR “certification” OR “contract™

OR “construction guarantee” OR “payment guarantee” OR “project bank account” OR “legislative measure’

4
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KEY(“construction industry” OR “construction project” OR “built environment”)) AND TITLE-ABS-
KEY(“technolog* solution®*” OR “innovative technolog®™ OR “digital technolog® OR “smart technolog® OR
“information technolog™ OR “industry 4.0” OR “digitalisation”). The search on Web of Science used the
same keywords and logical operators on the Title Search field.

'The search queries produced 1,262 results, with 895 from Scopus and 367 from Web of Science. The
inclusion and exclusion criteria used in the previous search were also applied to these results. After the
initial screening, 405 records remained, and these were checked for duplicates, with 115 duplicate articles
removed. The titles and abstracts of the 290 eligible articles were manually screened to identify 45 articles

for review.
Issues related to quality, progress, and payment certification

ISSUES RELATED TO QUALITY AND PROGRESS CERTIFICATION

This section examines the issues related to quality and progress certification within the 35 selected articles

from stage 1 of the systematic review. These issues are depicted in Table 1 and discussed in detail in the

subsequent subsections.

Defects, failures, and rework

A “defect” in construction refers to any deviation caused by a technical issue that leads to the misuse

of resources or additional costs during the construction process (Jingmond and Agren, 2015). Failure
usually results from a combination of several interrelated reasons, such as technical issues and unforeseen
shortcomings in the performance of materials. Human judgement errors, ignorance or greed can cause

deficiencies in procedures leading to failures (Buys and Le Roux, 2013).

The current methods used in the construction industry to detect defects on a construction site are
mainly manual and rely on construction consultants to make assessments based on two-dimensional plans
and paper-based drawings (May, et al., 2022). Major defects are caused by poor workmanship, low-quality

materials and components, and inadequate quality assurance checks of the work done (Abdul-Rahman

et al., 2014), as well as time limitations, financial limitations on operational expenses, and insufficient

training of employees (Aljassmi, Han and Davis, 2016). A study that examined the association between

construction inspections and critical defects listed factors such as not implementing quality control
checklists, incorrect recording of inspections, failure to inspect construction progress and failure to notify
contractors to mitigate defects (Lin and Fan, 2018). Other studies, listed in Table 1, also highlighted poor

workmanship and the lack of accurate inspections and certifications as factors contributing to construction
defects.

Quality control, time schedules, and collaboration between stakeholders have been identified as factors
influencing the number of significant defects at project handover (Schultz, et al., 2015). Contractors are

not usually insured for building defects during the statutory warranty period. They tend to avoid rectifying
defects, as the expense cuts into their profits and increases their overhead costs, resulting in poor-quality
building works (Paton-Cole and Aibinu, 2021).

Rework due to defects is a major cause of increase in project costs and delays (Kamal, et al., 2022).

Reasons for rework include defective installation of items, noncompliance with specifications and standards,
and insufficient oversight and inspection (Love and Smith, 2019). Previously undiscovered defects can also
be exposed during the testing of rework (Rahmandad and Hu, 2010).
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Table 1. Issues related to quality and progress certification.
Issues related to Total references References
quality and progress discussing
certification issues
Defects, failures, 18 Jingmond and Agren (2015), Love and Smith (2019),
and rework Buys and Le Roux (2013), Paton-Cole and Aibinu

(2021), May, et al. (2022), Abdul-Rahman, et al.
(2014), Aljassmi, Han and Davis (2016), Lin and
Fan (2018), Carretero-Ayuso, Moreno-Cansado and
Garcia-Sanz-Calcedo (2017), Chang, Du and Shen
(2012), Egwunatum, et al. (2022, Finger, Gonzélez
and Kern (2015), Tayeh, et al. (2020), Hasan, et al.
(2016), Yoon, Son and Kim (2021), Zunguzane,
Smallwood and Emuze (2012), Schultz, et al. (2015),
Kamal, et al. (2022), Rahmandad and Hu (2010)

Delayed project 7 Ogbeifun and Pretorius (2022), Jingmond and Agren
completion (2015), Fugar and Agyakwah-Baah (2010}, Kwon,
Park and Lim (2014), Ogbeifun and Pretorius (2022),
Omar and Mahdjoubi (2022), Kamal, et al. (2022)

Inaccurate and 12 Love, et al. (2018], Sheng, et al. (2020), Yoon, Son and
inadequate Kim (2021], Senaratne and Mayuran (2015), Gharbia,

documentation and et al. (2023), Meacham (2010), Lundkvist, Meiling and
reporting Sandberg (2014), Lin, Chang and Su (2016), Chang,

Du and Shen (2012), Martinez-Rojas, Marin and
Vila (2016), Mirshokraei, De Gaetani and Migliaccio
(2019), Park, et al. [2013), Wang, et al. (2015)

Conflicts of 2 Maund, Sher and Naughton (2014), Paton-Cole and
interest and lack of Aibinu (2021
accountability for
defects

Delayed project completion

Most construction projects encounter delays in progress, resulting in the late completion of milestones or
project delivery (Ogbeifun and Pretorius, 2022). Delays affect clients through cost overruns and delayed
realisation of project objectives. Delays cause contractors to incur larger overhead costs due to longer
working periods, increased costs of material due to inflation and higher labour costs. A critical factor for
project delays is the financial constraint, including delays in honouring payment certificates (Jingmond

and Agren, 2015). Additionally, delays occur due to poor supervision and site management, inefficient and
time-consuming site inspections, late delivery of material and material shortages, defects and rework, delays
in certification and instructions from consultants, and poor communication and coordination, among others

(see Table 1 for references).

Inaccurate and inadequate documentation and reporting

Determining responsible parties for project non-conformances is difficult due to inaccurate documentation
or non-reporting of non-conformance incidents (Love, et al., 2018). Systems that enable the recording of
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project quality data are lacking, and project stakeholders perceive a low level of confidence in the integrity
of documentation maintained by contractors (Sheng, et al., 2020). Defects in all project stages can be
ascribed to factors like insufficient communication among project stakeholders, a lack of integrated project

quality management (Yoon, Son and Kim, 2021), and deficiencies in documentation (Senaratne and

Mayuran, 2015). Ensuring the quality of building materials and products without effective documentation

to trace their provenance is challenging (Gharbia, et al., 2023). Records can also be falsified, causing severe

consequences (Meacham, 2010).

The current process of defect management has issues including being time-consuming, data loss at points
of data re-entry, difficulties in monitoring the progress of the construction phase and not having a central

defect data repository (Lundkvist, Meiling and Sandberg, 2014). It is also challenging to track the history

of defects because of the lack of extensive records on the defects (Lin, Chang and Su, 2016). The progress of
project work should be regularly monitored and compared with the plans and corrective actions taken when
discrepancies are observed. However, manual methods of data gathering on site do not continuously capture
the progress of construction work or details of defects and can have errors in data entry, creating a lack of

data for quality management and control (Chang, Du and Shen, 2012; Park, et al., 2013; Wang, et al., 2015;

Martinez-Rojas, Marin and Vila, 2016; Mirshokraei, De Gaetani and Migliaccio, 2019).

Conflicts of interest and lack of accountability for defects

Most construction work needs to be certified. This involves assessing if proposals are compliant with
relevant codes and standards, conducting inspections throughout the construction process and performing
a final inspection prior to the building being occupied. Accredited building surveyors who serve as certifiers

are accountable for fulfilling these responsibilities (Maund, Sher and Naughton, 2014).

Paton-Cole and Aibinu (2021) revealed a potential conflict of interest with the role of building surveyors.

'They are appointed by the builder to supervise their own work while also working independently on behalf
of the client. If a building surveyor mistakenly issues a certificate approving defective work, the builder
could refuse to take responsibility for the defects. This highlights the need to reconsider the assignment of
responsibility for defects among builders, suppliers, and building surveyors to ensure that the public interest
is served.

ISSUES RELATED TO PAYMENT CERTIFICATION

'This section discusses the issues related to payment certification as presented in the 15 papers selected
through the first stage of the systematic review. Table 2 summarises these issues, and they are detailed in the
subsequent subsections.

Payment delays, underpayment, and non-payment

'The payment problem is prevalent in the construction industry due to its hierarchical contractual framework

(El-adaway, et al., 2017). Contractors are paid by their principals and are expected to deliver funds to

subcontractors and suppliers in the supply chain. This structure of payment leads to payment issues for
two primary reasons. First, the lower-tier contractors and suppliers are susceptible to bankruptcy or poor
payment practices of the contractors above them in the chain. Second, the principal contractors have a
dominant position in the contracting chain, and they can use this position to pressure subcontractors and
suppliers into extending credit terms to get an advantage in cash flow and consequently obtain low-cost
finance (Griffiths, Lord and Coggins, 2017).

A significant factor contributing to underpayment, delayed payment, and non-payment was identified as
delayed assessment and certification of interim and final payments (Ye and Rahman, 2010; Azman, et al.
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Table 2. Issues related to payment certification.
Issues related Total references References
to payment discussing
certification issues
Payment delays, 9 El-adaway, et al. (2017), Griffiths, Lord and Coggins
underpayment and (2017), Azman, et al. (2014), Masrom, et al. (2021),
non-payment Ye and Rahman (2010}, Fugar and Agyakwah-Baah

(2010), Ramachandra and Rotimi (2015b), Wang,
et al. (2023b), Demachkieh and Abdul-Malak (2019)

Payment disputes 2 Ramachandra and Rotimi (2015a; 2015b)
Conflict and poor 4 Demachkieh and Abdul-Malak (2019), Ye and
communication Rahman (2010), Ramachandra and Rotimi, (2015a),

Sonmez, Ahmadisheykhsarmast and Giingor (2022)

Insolvency of 4 El-Kholy and Akal (2021), Ye and Rahman (2010]),
construction Bolton, et al. (2022), Griffiths, Lord and Coggins
contracting firms (2017)

2014; Masrom, et al., 2021). The certification process can be time-consuming and complex, which can lead

to delays and added costs. Delay in honouring payment certificates is a major contributor to causing delays

in construction projects (El-adaway, et al., 2017). Delays in payment can lead to interruptions in the delivery
of materials, which can, in turn, affect the productivity of labour in the construction sector (Fugar and
Agyakwah-Baah, 2010; Ramachandra and Rotimi, 2015b).

Contractors’ delay in submitting claims or submitting incomplete payment claims contributes to delays in

payment (Ye and Rahman, 2010). Late payments can also result from the need to adjust the payment before

it can be processed. These administrative procedures, which can be complex and time-consuming, cause

considerable delays in payment processing (Wang, et al., 2023b).

'The construction industry faces cash flow issues due to inadequate management capacity and ineffective
utilisation of funds by clients, scarcity of capital to finance projects and poor implementation of processes.
Furthermore, poor cash flow is caused by deliberate delayed payments to gain financial advantages and

delays in releasing retention money to contractors. Construction industry participants generally deem that

delaying payments for a few days can be accepted (Ye and Rahman, 2010).

Contractors’ interim payments could be withheld due to quality-related issues (Demachkieh and Abdul-
Malak, 2019). Lack of oversight can lead to errors and non-compliance with regulations, subsequently

leading to penalties. Failure of the contractor to deliver work according to quality requirements will lead to
temporary withholding of part of the interim payment (Ye and Rahman, 2010). The work may be taken over

with lower quality if the contractor fails to fully rectify the defects, and a payment set-oft would be made
(Demachkieh and Abdul-Malak, 2019).

Payment disputes

Causes of payment disputes involve factors such as non-payment of certified sums, failure to pay for

variations claims, late release of retention money, and valuation of final account (Ramachandra and Rotimi

2015a). The certification process may lack transparency, making it difficult for parties to understand the
status of payments and disputes. Limited ability to enforce contracts can also lead to disputes and delays in

the certification process. Payment denials are often due to concerns over the legitimacy of progress claims,
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work that is incomplete or defective, or the failure to issue payment schedules (Ramachandra and Rotimi
2015b).

Conflict and poor communication

Certification issues in construction projects can be caused by poor communication and conflicts between
the parties involved (Demachkich and Abdul-Malak, 2019). The client may not trust the consultants
responsible for certifying the contractor’s progress claim and variation orders, while the contractor may

struggle to understand the client’s requirements for variation of work. Difficulty in reaching a settlement
and disagreement over the valuation of completed work can contribute to certification problems. Varying
assessments are caused by different measurement methods for quantity take-off, delays in inspections

by consultants, and overstatement of bills of quantities for items (Ye and Rahman, 2010). A lack of

standardisation in the process of certification of payments can also lead to confusion and inconsistencies in

its implementation (Ramachandra and Rotimi, 2015a; Sonmez, Ahmadisheykhsarmast and Giingér, 2022).

Insolvency of construction contracting firms

Insolvency of construction contracting firms is largely due to financial causes. The primary reasons are
delayed progress payments from clients and the non-payment of interest on delayed certificates (Ye and

Rahman, 2010; El-Kholy and Akal, 2021). Holding retention money for longer than necessary also

significantly contributes to bankruptcies in the construction industry (Bolton, et al., 2022). Payment

problems have an impact on both construction projects’ success and the long-term survival of the industry

(Griffiths, Lord and Coggins, 2017).

Solution strategies for issues related to quality, progress, and
payment certification

'This section discusses general solution strategies for certification-related issues presented in the literature.

SOLUTION STRATEGIES FOR ISSUES RELATED TO QUALITY AND PROGRESS CERTIFICATION

'The pertinent solution strategies for quality and progress certification-related issues are listed in Table 3 and

subsequently discussed.

Strict supervision and regular inspections

Appointing experienced site managers to oversee the quality of work and provide strict supervision

minimises the amount of defective work produced, thereby reducing the need for rework (Kamal, et al.

2022). Construction quality inspections and certifications should be regularly carried out by consultants

such as engineers, architects, and building surveyors (Kwon, Park and Lim, 2014). Before the certificate

of practical completion is issued, defects should be accurately detected by consultants and rectified by

contractors. Implementing regular quality controls and inspections during design and construction can

reduce or eliminate post-handover defects (Love and Smith, 2019). Strategies to minimise defects also

include stakeholders taking responsibility for failures and compliance with specifications (Hasan, et al.

2016).

Ensuring compliance of building materials and products

Building code compliance of materials and products can be ensured through the following methods: factory
self-certification, independent third-party certification, product identification and traceability, industry-led

quality assurance systems, product authentication and insurance schemes (Gharbia, et al., 2023).
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Table 3. Solutions for issues related to quality and progress certification.
Solution strategies for issues related to References
quality and progress certification
Strict supervision and regular inspections Kamal, et al. (2022], Kwon, Park and Lim
(2014), Love and Smith (2019), Hasan, et al.
(2016)
Ensuring compliance of building materials Gharbia, et al. (2023)

and products

Regulatory frameworks for defect prevention Paton-Cole and Aibinu (2021)
and control and accountability

Quality management frameworks Lundkvist, Meiling and Sandberg (2014),
Chang, Du and Shen (2012], Egwunatum,
et al. (2022)
Training and certification of relevant Meacham (2010)
stakeholders

Regulatory frameworks for defect prevention, control, and accountability

Various countries have introduced regulatory frameworks to prevent and control defects. For example, in
Australia, the construction process is subject to pre- and post-construction building regulations, which allow
building surveyors to oversee the design and construction process independently. Residential construction
inspection and certification should comply with the Building Code of Australia, Australian standards,
guidelines issued by local councils and issued building permits. This is necessary for ensuring structural
integrity, compliance with energy efficiency requirements, and health, safety and amenity. The quality
assurance checks by the building surveyor must be conducted at specific project milestones (Paton-Cole and

Aibinu, 2021).

Quality management frameworks
A proactive defect management framework was proposed by Lundkvist, Meiling and Sandberg (2014),

which used the plan-do-check-act theory and continuous improvement. This framework was introduced

to mitigate insufficiencies in the current process of defect management. A checklist for engineers was
developed by Chang, Du and Shen (2012) based on deficiencies in site visits, types of defects that occur
frequently and factors that affect construction productivity. The checklist can be used as a systematic tool to

enhance the quality of construction and improve project performance.

Total quality management (TQM) principles for improving construction quality supervision and
monitoring and control of quality were studied by Egwunatum, et al. (2022). Principles such as guaranteeing
material procurement with the specified standards of quality, using a construction quality improvement
process in the organisation and responsibility of site management are required during the construction stage
to ensure quality standards.

Training and certification of relevant stakeholders

'The implementation of licensing is a crucial measure to increase the level of responsibility and accountability
among practitioners. Various jurisdictions globally already have some form of licensing or certification

to establish minimum standards in the industry. For a licensing scheme to be effective in demonstrating
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minimum competency requirements, there must be compulsory standards and continuous professional
development. Additionally, a clear and effective disciplinary system must be in place to remove unethical
practitioners (Meacham, 2010).

SOLUTION STRATEGIES FOR ISSUES RELATED TO PAYMENT CERTIFICATION

Table 4 lists the solution strategies for issues related to payment certification. These are described in the

following subsections.

Table 4. Solution strategies for issues related to payment certification.
Solutions for issues related to payment References
certification
Standard forms of contract Masrom, et al. (2021), El-adaway, et al. (2017),
Maritz (2011
Construction and payment guarantees Maritz (2011)
Legislative measures Uher and Brand (2008), Bolton, et al. (2022,

Ramachandra and Rotimi (2015b)

Project bank accounts Bolton, et al. (2022), Griffiths, Lord and

Coggins (2017)

Standard forms of contract

Suitable implementation of standard forms of contract is proposed to mitigate payment default issues

(Masrom, et al., 2021). Payment provisions in seven major standard forms of construction contracts were
analysed by El-adaway, et al. (2017). They found that provisions for payments in these standard forms shared
many similarities, such as requiring progress payments and specifying payment mechanisms. However, the
amount and timing of payments, as well as the procedures for dispute resolution and payment certification,
differed. Therefore, a better understanding of payment provisions in different standard forms of contracts
could help to improve payment practices in the construction industry, reduce payment disputes, and enhance
project outcomes. However, regular changes to these forms cause difficulty in interpretation and increase
risk for the parties in the contract (Maritz, 2011).

Construction and payment guarantees

In some forms of contract, contractors should give a construction guarantee to clients. These on-call or on-
demand guarantees state that the client can call in the guarantee by proving their rights with a certificate
provided by the principal agent (Maritz, 2011). A payment guarantee is a contract between a third-

party guarantor and a contractor, in which the guarantor promises to pay the contractor the value of the
construction work done, up to the amount guaranteed or a percentage of the total price, if the client defaults
on their payments. One issue that arises is that contractors want the payment guarantee to be in effect until
they receive the final payment certificate, but banks require a specific expiration date. This can be difficult to
determine at the start of the construction period (Maritz, 2011).

Legislative measures

Legislative measures have been introduced in many countries to ensure security of payment. For example,
the Building and Construction Industry Security of Payment Act 1999 in New South Wales, Australia,
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provides a means for claimants to recover payments through an adjudication process (Uher and Brand
2008). The UK’s Construction Act of 2009 aimed to prohibit contract clauses that make payments by the

contractor contingent upon the contractor receiving payment first, which would safeguard subcontractors

and other supply chain members from late payments or non-payment. Nonetheless, small- and medium-
sized enterprises in the construction industry reported that clients and primary contractors do not adhere
to the regulation and continue to use these clauses (Bolton, et al., 2022). Ramachandra and Rotimi (2015b)

reported strategies such as issuing statutory demands, proceedings for bankruptcy, and liquidation to remed
P g g y > P g ptey, q y

payment problems.

Project bank accounts

Project bank accounts (PBAs) can address payment delays in the construction industry (Bolton, et al.,
2022). A PBA is a dedicated bank account that is used to make payments to the main contractor and other
participants in the supply chain. The main contractor submits a payment claim including a breakdown

of payments to each supplier, which is approved by the client. The client pays the total progress payment
amount into the PBA, and each supplier is paid when both the client and the main contractor agree. This
system allows funds to flow more quickly through the supply chain, bypassing the traditional lengthy
payment credit terms in subcontracts. However, some contractors may resist PBAs because they cannot

strategically manage their cash flow, and PBAs do not prevent head contractors from disputing payment
claims to reduce payments (Griffiths, Lord and Coggins, 2017).

Technological imperatives for certification of quality, progress, and
payments

The second stage of the literature review identified several technological imperatives that have emerged

to solve the previously discussed issues, with the most prevalent being building information modelling,
artificial intelligence, and blockchain technology and smart contracts. These support and augment the
general strategies available for issue resolution. Table 5 presents the identified literature on these technology

solutions.

Table 5. Summary of references on technological imperatives for the certification of quality,
progress, and payments.

Issues solved Building information Artificial intelligence Blockchain technology and
modelling smart contracts

Defects, Lin, Chang and Su (2016), Pan and Zhang (2021), Lu, et al. (2021), Wang,
failures, and Kwon, Park and Lim Baduge, et al. (2022), etal. (2017, Lu, et al.
rework (2014), May, et al. (2022), Braun, et al. (2020), (2022)
Mirshokraei, De Gaetani Locatelli, et al. (2021), Li,
and Migliaccio (2019), Cai and Kamat (2016)

Park, et al. (2013), Khalesi,
et al. (2020), Ma, et al.
(2018), Asadi, et al. (2019),

Zhang (2023)
Delayed project Wang, et al. (2015, Chen, et al. (2023), Elazhary and Hosny (2023)
completion Khalesi, et al. (2020), Nafe Greeshma and Edayadiyil
Assafi, et al. (2022), Asadi, (2022), Qureshi, et al.
et al. (2019 (2022)
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Issues solved Building information Artificial intelligence Blockchain technology and
modelling smart contracts
Inaccurate and Wang, et al. (2023a), Hijazi, Chen, et al. (2023], Perera, et al. (2020), Wu,
inadequate et al. (2023), Celik, Petri ~ Greeshma and Edayadiyil et al. (2022], Hijazi, et al.
documentation and Rezgui (2023) (2022), Pan and Zhang (2023), Wang, et al. (2017),
and reporting (2021), Locatelli, et al. Gao, et al. (2022), Yang,
(2021) et al. (2020
Conflicts Perera, et al. (2020), Lu,
of interest et al. (2021), Wang, et al.
and lack of (2017)

accountability
for defects

Payment delays, Sarkar, Dhaneshwar and Ahmadisheykhsarmast

underpayment, Raval (2023 and Sonmez (2020),
and non- Tezel, et al. (2021), Chong

payment and Diamantopoulos
2020), Das, Luo
and Cheng (2020],
Hamledari and Fischer
(2021), Nanayakkara,
et al. (2021), Sigalov,
et al. (2021), Sonmez,
Ahmadisheykhsarmast
and Giingor (2022), Wu, Lu

and Xu (2022)

Payment Chong and
disputes Diamantopoulos

(2020), Sonmez
Ahmadisheykhsarmast
and Giingor (2022), Saygili,
Mert and Tokdemir (2022)

Conflict Wang, et al. (2023a) Lu, et al. (2021), Yang,
et al. (2020), Qian

and Papadonikolaki
(2021), Teisserenc and
Sepasgozar (2021)

and poor
communication

Ahmadisheykhsarmast
and Sonmez (2020), Chong
and Diamantopoulos
2020), Das, Luo
and Cheng (2020),
Hamledari and Fischer
(2021), Nanayakkara,
et al. (2021], Sigalov,
et al. (2021), Sonmez,
Ahmadisheykhsarmast
and Glingor (2022), Wu, Lu
and Xu (2022)

Insolvency of

construction

contracting
firms
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BUILDING INFORMATION MODELLING

Utilising building information modelling (BIM) for defect management has been proposed in research,

as BIM enables effective collaboration among project participants and the incorporation of project data

in various project-related activities (Lin, Chang and Su, 2016). Furthermore, studies have investigated the
integration of BIM with augmented reality (AR) for project progress monitoring and defect detection. For
example, a framework for BIM-AR integration for quality control proposed by Mirshokraei, De Gaetani
and Migliaccio (2019) acquired inspection data, processed the results by extracting data from 4D BIM
models and facilitated collaboration among stakeholders through a web-based checklist and an AR mobile
application. Ma, et al. (2018) proposed the visualisation of defects on a BIM model to be collaboratively

viewed by project stakeholders for effective quality inspections.

A prototype system by Wang, et al. (2015) integrating BIM and Light Detection and Ranging (LiDAR)
had a LiDAR system connected to a quadrotor that flew around the construction site to generate a 3D

point cloud model of as-built data in real-time using the data collected from LiDAR. It synchronised a
BIM model with the as-built model to calculate the deviations and assess construction quality. A conceptual
framework to adopt BIM to facilitate dispute management in the construction project life cycle was

developed by Wang, et al. (2023a). Causes of disputes such as design errors and delays could be reduced by
improving information management and collaboration through BIM in this framework.

BIM can also be integrated with blockchain technology to give a single source of truth of data in a
project and provide a secure, transparent method for multiple stakeholders to use and share data (Celik,
Petri and Rezgui, 2023; Hijazi, et al., 2023). A prototype that combines BIM, Internet of Things and
blockchain was proposed by Sarkar, Dhaneshwar and Raval (2023) to automate project monitoring to

effectively manage data and improve payment processes for project contractors and subcontractors.

ARTIFICIAL INTELLIGENCE

Complex tasks are performed by computers using artificial intelligence (Al) techniques. Issues related to
construction progress and quality inspections can be solved to a certain extent using Al techniques for

automation, computer vision and natural language processing.

Al-based solutions drive automation of activities in the construction process to overcome issues related to
manual observation, for example, automated capturing of site images, videos and other data through drones

and sensors, which are analysed by Al techniques like machine learning to identify defects and monitor

progress (Pan and Zhang, 2021).

Computer vision is an area of Al that can extract relevant and valuable data from digital images and
other forms of visual inputs. Attempts are being made to supplement and replace manual visual inspections
using computer vision techniques. Currently, deep learning algorithms are predominantly used in computer
vision to process, analyse, and understand captured data for detection of defects, structural components,
and site conditions. For example, concrete cracks are detected from photographs using deep learning

classifications (Baduge, et al., 2022). 3D point clouds are also used as computer vision image data to evaluate

the progress of construction projects (Chen, et al., 2023). Project progress tracking can also use machine

learning and image processing with deep learning models (Greeshma and Edayadiyil, 2022). Computer
vision can ensure that construction materials or products meet quality standards, for instance, by checking
the dimensions and shape of building components, such as windows or doors, to ensure that they are within
acceptable tolerances (Braun, et al., 2020).

Natural language processing (NLP) is a branch of Al that uses computers to process language-related
data to comprehend text like a human. NLP techniques can be applied to construction documents such as

inspection reports to extract valuable insights and identify patterns to improve quality control processes.
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For example, documents such as building codes can be analysed through NLP techniques to check if
BIM-based designs meet compliance requirements (Pan and Zhang, 2021). Inspection reports contain
information about defects and non-conformities, and by using NLP techniques, the reports are analysed to
identify the type, frequency and severity of defects. This enables the identification of root causes of defects
and the prevention of similar issues from occurring in the future (Locatelli, et al., 2021).

BLOCKCHAIN TECHNOLOGY AND SMART CONTRACTS

A blockchain is a peer-to-peer decentralised digital ledger of data, which contains a cryptographically linked
record of all transactions executed within the network (Perera, et al., 2020). Blockchain technology uses

smart contracts, which are tamper-proof digital contracts that are automatically executed and enforce rules
that are dependent on distributed consensus within a blockchain (Yang, et al., 2020). The architecture of
blockchain provides its users with the following key advantages.

* Decentralisation: Allowing peer-to-peer sharing of data removes the need for a central authority to
maintain the ledger. This removes the single failure point that would affect a centralised system and
creates a more robust system (Perera, et al., 2020; W, et al., 2022).

* Security and trust: Having consensus mechanisms and cryptography promotes security and trust
in the blockchain data. Data hashing provides assurance against unauthorised data modification.
Transaction origins can be determined through digital signatures and keys (Perera, et al., 2020; Qian
and Papadonikolaki, 2021).

* Auditability: Validation of transactions made on the blockchain is conducted by network nodes, and

a timestamp for each transaction is recorded. The transaction and ledger data are available for all
authorised users to view. This allows users to trace records through any network node (Perera, et al.,
2020; Gao, et al., 2022).

* Immutability: The necessity of validating data on the peer-to-peer network and replicating the ledger
to all nodes assures the immutability of the data. A block, once added to the blockchain, cannot be

removed, thereby preserving all ledger transactions (Perera, et al., 2020).

'The blockchain can store certifications on the quality of materials and products, and the quality and
quantity of work progress so that relevant stakeholders know the sources of the information (Wang, et al.,

2017; Lu, et al., 2022). Since the records are tamper-proof, it will assist in enforcing compliance of work,

and all modifications to data such as BIM models and certifications can be stored immutably on the
blockchain (Hijazi, et al., 2023). A framework to store extension of time requests was proposed by Elazhary
and Hosny (2023) to support delay analysis in construction projects and trace the sources of delays,
benefitting the resolution of disputes due to delays. Tracing the provenance of products in the construction
supply chain is important for quality assurance and compliance purposes when defective products are
identified (Teisserenc and Sepasgozar, 2021). If the full history of product transactions is tracked through
the blockchain, it enables the identification of responsible parties and enhances the traceability and

transparency of the supply chain (Wang, et al., 2017; Lu, et al., 2021).

Managing construction payments through blockchain is proposed by several researchers to provide

immutability. For example, a framework by Das, Luo and Cheng (2020) uses smart contracts to automate

interim payment conditions by sharing project-level information related to payments. Confidentiality of
data is also enabled through the management of cryptographic keys. Blockchain, through implementing
smart contracts, can solve issues related to security of payment (Nanayakkara, et al., 2021; Wu, Lu and Xu
2022).'The fund availability can be established through private blockchain networks to reduce concerns
regarding non-payment (Ahmadisheykhsarmast and Sonmez, 2020). Storing retention money on a

blockchain network has the potential to protect the funds and allow it to be accessed to pay subcontractors
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payments for predefined conditions. This would reduce the issues of late payments or non-payment (Chong
and Diamantopoulos, 2020). Investigations on integrating BIM with smart contracts proposed improving
the administration of progress payments by digitising building elements and using computerised protocols
that run on a blockchain to automate payment terms (Sigalov, et al., 2021; Sonmez, Ahmadisheykhsarmast
and Giingor, 2022). Tezel, et al. (2021) researched blockchain-based project bank accounts for payments in
the construction supply chain, which would enable quicker payments and continuous, transparent tracking
of transactions, thereby reducing disputes and costs. If disputes arise, a decentralised, blockchain-based

dispute resolution system proposed by Saygili, Mert and Tokdemir (2022) aims to resolve construction

disputes with greater transparency and cost savings.

Discussion

'The technological imperatives of BIM, artificial intelligence, and blockchain technology and smart
contracts solve the issues related to quality, progress, and payment certifications by supporting or directly
implementing the general solution strategies. For example, strict supervision and regular inspections

can be implemented using automation and computer vision artificial intelligence techniques. BIM and
blockchain can support the inspection process by storing inspection documentation to trace the history

of revisions. The compliance of building materials and products with standards can be identified using
computer vision and natural language processing. The provenance of these materials and products can be
stored on the blockchain to enable traceability. Smart contracts can implement regulatory frameworks for
defect prevention, control, and accountability. Quality management frameworks are supported by BIM
and blockchain. Relevant stakeholders’ training and certification details can be stored on the blockchain to
ensure that they are qualified to engage in project-related activities. Blockchain and smart contracts can be
implemented to reflect standard forms of contract. Natural language processing can identify the fulfilment
of contract clauses. Construction and payment guarantees and project bank accounts can be implemented

on the blockchain and fulfilled using smart contracts.

deep Igarning
artificial ipgelligence

augmented reality
constructign project w insp@gtion

industry 4.0

— f
digitalisation e defect moagementqua”[y mahagement

construction@inanagement .
d@ts
smart contracts design rework
bIo*nain
construction industry project m@hagement
construc@] contracbay‘ents N COnS‘CtiOn q"‘ty

supply chaininanagement
security afypayment PPl nganag conti@ctors

‘ late payment ethegeum
project bagk accounts contract m@nagement
# vosviewer

Figure 3.  Keyword co-occurrence network.
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A keyword co-occurrence network was developed using the VOSViewer software tool, which identified
keywords that recurred more than three times. A thesaurus file aggregated synonyms and consolidated the
representation of keywords in the network. Figure 3 shows the network of 30 recurring keywords, with the
keyword blockchain occurring the greatest number of times, followed by smart contracts, BIM, construction
industry, and construction contract.

Mitigation of issues related to quality, progress, and payments in construction projects requires a
comprehensive technological solution. Table 6 summarises the technological imperatives for solving these
issues. As seen in the table, blockchain technology and smart contracts can solve all the pinpointed issues
due to the advantages presented.

Table 6. Technological imperatives for solving certification-related issues.
Building Artificial Blockchain
information | intelligence | technology and
modelling smart contracts
Defects, failures, and rework X X X
Delayed project completion X X X
Inaccurate and inadequate documentation and X X X
reporting
Conflicts of interest and lack of accountability X

for defects

Payment delays, underpayment, and non- X X
payment

Payment disputes X

Conflict and poor communication X X

Insolvency of construction contracting firms X

Conclusions

This study evaluated the landscape of quality, progress, and payment certification in construction projects
through a two-stage systematic review process, with the objective of critically examining the issues related
to certifications and identifying technological imperatives for these highlighted issues. The first stage of

the study contributed to revealing the most prominently reported issues related to quality and progress
certification as defects, failures, and rework, followed by inaccurate and inadequate documentation and
reporting. The prominent issues related to payment certification include payment delays, underpayment, and
non-payments; conflict and poor communication; and insolvency of construction contracting firms.

General solution strategies for these issues were identified as strict supervision and regular inspections,
implementing quality management frameworks, training and certification of relevant stakeholders, using
standard forms of contract, providing construction and payment guarantees and implementing legislative
measures. However, implementing these solutions with traditional methods is inadequate to solve the
prevalent issues. Therefore, technology should be used to augment these solutions for more effective issue
mitigation.

The second stage of the systematic review highlighted that BIM, artificial intelligence, and blockchain

technology and smart contracts were the major technological imperatives for solving the issues. BIM
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enables the digital modelling of construction work and supports collaboration among project stakeholders.
BIM can also be integrated with other technologies such as augmented reality, LIDAR, Internet of Things,
and blockchain to solve issues related to project progress monitoring, defect detection, documentation and
reporting, and payments. Artificial intelligence techniques such as automation, computer vision, and natural
language processing are used to automate progress monitoring, identify defects and ensure compliance

with standards. The review revealed that blockchain technology and smart contracts are being introduced

to solve the highlighted issues related to quality, progress, and payment certifications. Construction quality
certifications and details of work progress can be stored on the blockchain as a single source of truth

about the status of the project. Identifying the provenance of products in the construction supply chain is
important for quality assurance and compliance purposes. Smart contracts can automate payments based on
predefined conditions. Payment guarantees and project bank accounts implemented on the blockchain can
be used to make payments and protect construction stakeholders from late payments or non-payment. The
inherent features of blockchain such as decentralisation, security, trust, auditability, and immutability make
blockchain an ideal solution for the issues discussed herein.

'The systematic review was limited to the Scopus and Web of Science databases, which may not capture
relevant studies in other journals that are not within the selected indices as well as non-journal publications.
Further, technologies such as the Internet of Things and radio frequency identification (RFID) tags were
also mentioned in some literature but were not discussed as separate technological imperatives herein
because they were used in conjunction with BIM, Al, and blockchain solutions. Future research can examine
applications of the identified technologies in-depth to solve the issues related to quality, progress, and

payment certification.
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