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ABSTRACT

Rework has been the core of attention for several years in the industry and academia as it
affects the performance of projects. However, the trend of rework academic papers indicates an
increasing rate in recent years; the overall research lacks a comprehensive review of the imple-
mented theories and proposed models to explore further directions for rework management.
Thus, to achieve a better understanding of rework it is necessary to perform an extensive
review. This research aims to explore various insights from rework-related articles, discuss major
research areas, and identify gaps for future studies looking closely at construction contracts. The
selected articles are from three databases: “Scopus, Web of Science, Google Scholar”. The find-
ings are categorized into six study areas: sources of rework, models and solutions, management
and strategies, theories and techniques, rework impacts, and factors affecting rework. The ana-
lysis of the employed techniques across these topics showed that System Dynamic Modelling,
Action Research, Analytic Hierarchy Process, and Regression have been used more frequently
than other methods. The comprehensive review also shed light on the new ways of thinking,
analyzing, and controlling the impacts of the rework. This paper proposes the assessment of
rework causes in the conditions of contract which provides opportunities for improvement of
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Introduction

Academic published papers concerning rework in con-
struction are critical as rework affects the performance
of projects. Performance is one of the topics discussed
more than others in construction projects (Yi and
Chan 2014). Different research studies worldwide have
confirmed that rework represents a relatively large
proportion of cost overruns (Love and Sing 2013,
Simpeh et al. 2015, Eze and Idiake 2018a). Rework has
been considered as the contributing factor to the
schedule overrun and delay in projects, low profits,
losses in terms of labour productivity, parties’ dissatis-
faction, and the arising contractual claims (Al-janabi
et al. 2020). Rework has been at the core of attention
both in theory and practice. Thus, various rework
reduction and prevention methods with different data
analysis methods have emerged over the last few dec-
ades. The integration of such diverse literature on
rework issues provides a better understanding of the
topics and advances more precise research in the
future. Achieving in-depth insight into the rework
research trends can be accomplished through a

comprehensive review of the relevant literature. In
alignment with the previously researched reviews
(Sommerville 2007, Love and Smith 2018), the compre-
hensive analysis of rework studies that cover the life
cycle of construction projects identifies the underlying
requirements as well as the other possible solutions.
The integration of the literature on rework assists
construction  policymakers to  develop  more
robust methods.

Rework is considered as a none-value adding activ-
ity and the control of rework has been regarded as a
great concern in the construction process. Failure in
dealing with rework in the life cycle of projects leads
to the unsuccessful delivery of projects. Therefore,
rework management needs to be considered through-
out the entire process of construction projects. Within
the rework research, various areas have been exam-
ined to identify sources of rework, measure the
impacts of rework, and propose models and solutions
for construction projects. For example, Zhang et al.
(2018) introduced a conceptual rework management
learning framework to identify the significant factors
in three case studies in China. Alternately, research
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conducted by Love et al. (2018a) studied the theory of
functional stupidity to better understand the barriers
in rework mitigation. Research conducted by Ma et al.
(2019¢) advised project managers to determine rework
in their daily practices by testing a novel method of a
critical chain design structure matrix for the purpose
of scheduling. Some other studies introduced rework
as the result of a lack of knowledge, which is a reality,
and it is partly due to a lack of understanding of the
project manager or contractor about rework (Love
et al. 2019a).

Summarizing rework research studies is a necessity
to suggest new recommendations. This paper presents
an overview of the studies that have critically
reviewed the relevant topics around rework in the
construction industry, including concepts, causes,
impacts, and adopted rework mitigation strategies
from 1990 to 2020. The comprehensive review identi-
fies the unexplored research areas and defines the
state of the art and trends of rework research studies.
The paper result as shown in Table 2 revealed that
the selected period was an appropriate time span to
review rework papers as it includes the majority of
rework publications. Furthermore, previous studies
have also pointed out that rework problems have
been exposed over the last 25 years (Love et al
2018a), thus the selected period suitably covers the
development of rework research in the construc-
tion industry.

The essential step of rework management is the
identification of rework sources as it assists practi-
tioners to analyze the impacts of rework. The identi-
fied rework causes are used for assessment, analysis,
and for the purpose of proposing models, solutions,
and adopting strategies. This review reveals new
approaches to develop the body of knowledge and
helps practitioners improve rework practices in con-
struction projects. The paper intends to contribute to
rework management in the construction industry by
addressing the study’s objectives including (a) address-
ing the study areas of rework (b) classifying the
impacts of rework (c) categorizing the implemented
theories, proposed models, and developed strategies
for better understanding and easy referencing, and (d)
identifying research gaps and providing suggestions
for future research directions.

Overview of rework in construction

The Construction Industry Development Agency (1995,
p 59) described rework as an “activity that involves
doing something at least one extra time due to non-

conformance to the requirements.” Since there was no
precise definition for rework in the construction indus-
try before this statement, some other terms can be
found in the literature that is similar in wording. Using
interchangeable words, such as deviation, change,
error, omission, defect, failure, damage, repair, non-
conformance, and snag, not only have led to a lack of
uniformity in the definition of rework, they have also
affected the measurement methods, data collection
and comprising strategies (Love and Smith 2018).
Various definitions can be found in the literature
(Robinson et al. 2004, Hwang et al. 2019), but Love
and Smith (2018) simplified it as a verb that means to
revise or work again. Although different definitions are
given for illustrating the concepts of rework in con-
struction projects, a common understanding exists on
the key steps of reworking. The process includes iden-
tifying the source of rework, analyzing the impacts of
rework, providing a rectification model, removing the
incorrect work, and re-building.

Despite the significant amount of identified rework
factors that improve projects’ performance, rework
remains a real challenge in the construction industry
(Love and Smith 2018, Al-janabi et al. 2020). While the
occurrence of rework is related to the nature of the
construction industry in splitting the entire work
among various parties in the supply chain (Simpeh
et al. 2015), the continuity of rework in construction
projects may result from the implicit ignorance of
rework by practitioners or organizations (Ma et al.
2019a) that is called “uncomfortable knowledge” (Love
et al. 2019a). A range of solutions has been placed in
two categories of reduction and prevention models to
manage rework in construction projects. The former is
once rework has occurred whereas the latter involves
the process that prohibits rework from taking place.
Nonetheless, while various models have been pro-
posed through the years, there is limited research that
has been able to identify a comprehensive way in
which rework can be entirely controlled (Love et al.
2016a). Without implementing a systematic approach
that enables participants to trace rework causes on
the overall process, the occurrence of rework cannot
be actively reduced or prevented (Palaneeswaran
2006, Zhang et al. 2018). Thus, it is time to shift the
mindset towards critical thinking regarding why
rework occurs and how it can be managed systematic-
ally even though there is no standard available to
describe the characteristics of rework (Love and Smith
2018). One of the contributions of this study is facili-
tating the development of new approaches in
rework management.
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Methodology

This paper presents a comprehensive review of map-
ping rework and the development of rework manage-
ment in construction projects. A literature review is
widely used in many research fields to generate and
refine research ideas for future studies (Xia et al. 2018,
Tezel et al. 2020). The review enables researchers to fit
their research project into a broader context through
the verified findings (Dixit et al. 2019) and find out
more about the research strengths and limitations
(Dallasega et al. 2021). The basic steps of such reviews
include the following sequences: identification of the
needs, developing search criteria, searching databases,
selecting the publications and quality assessment,
result summarization, and reporting. A four-step meth-
odology to meet the pre-mentioned sequences has
been defined and employed in this paper as pre-
scribed in Figure 1. The four steps facilitate research
content analysis to develop an in-depth knowledge of
rework. The four steps include a searching strategy to
identify the browsed papers (Dallasega et al. 2021),
document refinement to restrain the initial papers
(Tezel et al. 2020), visual examination to select the
final relevant papers for further processing (Xia et al.
2018), and data extraction and analysis (Schon
et al. 2017).

This paper was undertaken based on conducting a
comprehensive review and performing content

CONSTRUCTION MANAGEMENT AND ECONOMICS . 3

analysis. A comprehensive review of the literature
tends to depict the potential future research
(Mohandes et al. 2019) which is the aim of this study.
In addition, the aim of this study involves categorizing
the research interest, the method used and the pro-
posed models that can be achieved through content
analysis. Content analysis is an inductive method to
unfold outlines and organize the extracted data into
groups (Ayodele et al. 2020). The search engine
Scopus to recall high-impacted relevant published
papers was selected to start the search process. The
process was completed by adding two more search
engines to ensure identification of all the rework pub-
lished documents in construction. As an instance, the
Scopus engine does not cover some journals, such as
Project Management Journal (PMJ); furthermore, pub-
lished papers of Engineering, Construction and
Architectural Management (ECAM) before 2003 are not
included in the Scopus extent (Hong et al. 2012). Thus,
the other two search engines can cover these
limitations.

Choosing the right keyword to retrieve the relevant
papers is the key part of the search. As discussed ear-
lier in the overview section, searching the other inter-
changeable words distracts from the result of rework
trends in construction projects. Since the paper results
are used for the assessment of the contract clauses in
addressing rework issues, the keyword “rework” was

| Literature Review Databases |

Web of Science I
[

Google Scholar
T

I Searching strategy I

e e = - - - - - = -

- Data Extraction

Figure 1. Four steps research framework.
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selected to search the literature. It is difficult to pro-
pose a general preventive measure to control rework
as most of the previous studies have used rework
along with other interchangeable words (Forcada et al.
2017, Ma et al. 2019a). Love et al. (2004) also claimed
that there is a lack of uniformity in the rework data
collection due to the various interpretations around
rework. The diversity of interpretations due to the
interference of the other words has led to a lack of
uniformity in the rework data collection (Liu et al.
2020). The degree of ambiguity around rework
increases as the other terms have been used inter-
changeably (Sommerville 2007). Therefore, to get an
accurate and specific result aligned with the research
aims the first keyword “rework” was selected.
Furthermore, rework is a general word that is used in
various industries, and to avoid any misleading by
irrelevant documents from the other subject areas, the
second selected keyword “construction” was used. The
search engines then were used to find relevant publi-
cations as the following described sequence. The
search space included only journals and conference
proceedings.

Searching strategy

In step one, the first round of searching publications
was launched under the keywords “rework” and
“construction” to search the literature published in
Scopus. The initial search for the selected period of
1990-2020 showed a total of 138 documents. The
same process was repeated for the other two selected
search engines. The second round of searching of the
keywords in WoS revealed 106 documents during the
same time period. Then the same scenario was
repeated with the Google Scholar search engine. The
third round of searching raised 170 documents. The
advance search of Google Scholar is limited to two
options: searching the keyword anywhere in the article
and/or in the title of the article. The central message
of the articles is conveyed through the title and this
section is more likely exposing the articles’ contribu-
tion to the theories around the searched topics
(Larsen et al. 2019). Therefore, the keywords “rework”
and “construction” were searched in the article titles.
In summary, a total number of 414 papers were identi-
fied and collected by the end of step one.

Document refinement

However, the search was strictly limited to construc-
tion projects to exclude any unmatched papers; there

were still some unwelcome publications that belong
to other science fields. In the second step, more limi-
tations were applied by refining the entire search pro-
cess to eliminate the proportion of unrelated
documents. The Scopus search engine was refined
through three categories. The document type was lim-
ited only to the peer-reviewed articles and conference
papers, the publication stage was narrowed only to
the final documents, and the language was restricted
only to English. The exclusion criteria included no full
books, papers where the full text was not available,
lessons learned, and recommendations or guidelines.
This refinement resulted in 128 documents in the
Scopus database. The same refinement was imple-
mented into the Web of Science search engine, and
the result showed a total number of 92 papers at the
end. The third search engine of Google scholar has no
features for refinement except for excluding the cit-
ation to eliminate the non-paper rows. Excluding the
citation portion of Google Scholar dropped the num-
ber of papers down to 109 documents. In total, the
refinement process constrained the number of papers
to 329 documents as the initial papers for more
consideration.

Visual examination

The next step was a visual examination to remove
irrelevant and repeated documents with the same
titles. Part of the initially identified papers may differ
from the research scope; however, they met some of
the search keywords’ criteria. A more accurate selec-
tion of relevant papers will result in a more reliable
conclusion, so the papers that did not satisfy the
research criteria or those that were found to be totally
unrelated to this study’s scope must be excluded. The
procedure of publications’ examination was as follows:

(1) All papers’ titles were reviewed initially to find
out if they were really fitted to the research
scope or not. The unfitted papers were removed.

(2) The abstract of all remaining documents was
scanned and assessed, and the irrelevant papers
were deleted to ensure that no more irrelevant
papers were available

After these sequences, the following result was
achieved. There were 46 irrelevant papers from
Scopus; therefore, this search engine’s final papers
decreased to 82. This figure for Web of Science and
Google Scholar was dropped to 64 and 88 as there
were 28 and 21 irrelevant papers, respectively. In total,
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Table 1. Summary of papers number reduction process.
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Search engine Step 1 Step 2 Step 3 Common papers in Excel sheet Final selected papers Date of search
Scopus 138 128 82 0 82 14.04.2020
Web of Science 106 92 64 54 10 14.04.2020
Google Scholar 170 109 88 40 48 14.04.2020
Total 414 329 234 94 140 -

234 papers remained as valid documents for fur-
ther analysis.

Study selection and data extraction

The outputs of the three engines consisted of a total
of 234 documents. Due to the high number of
recorded studies, the Microsoft Excel program was
used to efficiently manage the retrieved information.
The Excel file included the following items to take the
essential data out of the collected papers and provide
required reports. All the collected papers were taken
into consideration to carry out the data extrac-
tion process:

e Basic information of title, authors, and publication
date (for checking the same papers)

e Location: country, university, research centre, or
affiliations (for reporting the impacts in differ-
ent regions)

e Aim of the study (for identifying different themes
and categorization)

e The employed method and techniques, contribu-
tions, and result (for discussion and identification
of further research direction)

Listing all papers in the Excel sheet and sorting
them revealed that some papers were the same based
on using the three search engines. To make sure that
none of the collected documents are duplicated, the
Scopus’ results were compared to the other two
search results in terms of paper title and authors.
There were 54 mutual papers found between Scopus
and Web of Science. Following that, the cumulative
list was compared to the other documents from
Google Scholar, and it revealed that there were 40
common papers. In other words, the Web of Science
adds only 10 more papers to the retrieved documents
from Scopus and Google Scholar added 48 more
papers. The limitation of each search engine confirms
that relying on only one search engine to analyze the
rework contents will not result in a reliable conclusion.
Thus, covering the missed papers in the other search
engines was necessary, and this study has taken the
benefit of this approach. In total, 94 papers were
found to be similar in the Excel file and were removed

to avoid misleading the analysis. By the end, 140
papers were left as the final selected papers for fur-
ther processing. Table 1 shows an extract from this
reduction process in selecting the final papers.

Results of the content analysis

Friedrich et al. (1987), initiated the basis of research
on rework topics into two general categories of
“developing a systematic technique for counting
rework” and “using a method that accounts for the
effects of rework to measure the actual status of the
project”. Thus, the following subcategories had consid-
ered summarizing the research topics (a) to find out
the origins of rework, and (b) to control the effects of
the rework. This classification scope was then
expanded into a wider area. Zhang et al. (2012) have
described these directions and raised the area of
rework studies into two clusters of “rework as a quality
issue” and “the role of rework on performance”. The
first group of studies that have considered rework as a
quality issue resulted in the emergence of broader
research levels to identify the sources of rework
through various methods. For example, it was used to
treat rework events through the conventional
approaches of TQM. The second group of studies
attempts to focus on rework impacts on project per-
formance, management practices, and the assessment
of factors that affect rework. However, the research
interest scope was not limited only to these major
directions and later it was expanded.

The comprehensive review revealed that the rework
subject in construction papers was repeatedly involved
in (1) identifying rework causes (Love and Edwards
2004, Oyewobi and Ogunsemi 2010, Hwang et al.
2014, Forcada et al. 2017); (2) proposing models for
reduction or prevention of rework occurrence (Love
et al. 2000, Love et al. 2009, Simpeh et al. 2015); (3)
providing recommendations and tactics for managing
rework and strengthening available frameworks to
achieve more benefits (Hwang and Yang 2014, Yap
et al. 2017, Love and Curtin 2019); (4) implementing
theories and using methods to facilitate rework identi-
fication, classification and mitigation (Robinson et al.
2004, Palaneeswaran et al. 2008, Hossain and Chua
2014, Ma et al. 2019¢); (5) quantifying and measuring
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the effects of rework on project performance
(Josephson et al. 2002, Hwang et al. 2009, Hegazy
et al. 2011, Eze et al. 2018), and (6) evaluating some
of the indicators that influence the occurrence of
rework (Love et al. 2006, Mills et al. 2010, Oyewobi
et al. 2011, Mahamid 2016, Hwang et al. 2019).

The paper results clearly show that research inter-
ests have continued to develop, and novel ideas have
emerged. Some new methods and approaches, such
as “functional stupidity theory” and “fuzzy set theory-
based” have been introduced (Love et al. 2018a,
Hwang et al. 2019) in comparison to the previous
qualitative analysis. More focus has also been drawn
to the human functions, concepts of learning, and the
importance of safety. For instance, recent studies have
recommended the approaches of system thinking and
shifting mindset to control rework and errors (Love
et al. 2018b, 2019b). Therefore, the previously defined
categories by Friedrich et al. (1987) and Zhang et al.
(2012) must be amended to evaluate the publications
between 1990 and 2020. Following the previously
introduced research interests and considering the
selected publications on rework, six distinct groups of
interests are identified as the main rework studies
area as shown in Table 2.

Since the research is conducted to compare the
results of previous studies, the adopted method for
categorizing the topic interests will be an appropriate
approach (Ke et al. 2009). All selected papers were
reviewed in detail to link their study scope with one
of the above-classified areas. If a paper covered more
than one group, the closer one in terms of the theme
has been considered. Within the last three decades
from1990 to 2020, publications in the construction
field perceived an increasing trend in rework research
studies. The following sections discuss the main area
of studies on rework, existing gaps, and further
required research with a project perspective.

Sources of rework

This group of papers has mainly introduced rework
sources and identified a cluster of rework causes from
different perspectives. The trend of studies on identi-
fying rework causes indicates that this study area has
been of interest for several years and remains an inter-
esting topic in current studies (Love and Li 2000,
Palaneeswaran 2006, Simpeh et al. 2011, Ye et al.
2015, Safapour et al. 2019, Liu et al. 2020). This group
contains the largest number of publications among
the reviewed papers that deal with the sources of
rework. To identify the cause of rework, the papers

Table 2. Major area of studies in rework related papers.

Total

2001-2002 2003-2004 2005-2006 2007-2008 2009-2010 2011-2012 2013-2014 2015-2016 2017-2018 2019-2020

1998-2000

Area of studies
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Management and strategies
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Factors affecting rework

Models and solutions
Total

Sources of rework
Rework impacts
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that were reviewed have studied various residential
buildings, construction, and civil projects. However,
the rework can be attributed to an array of complex,
interrelated factors (Forcada et al. 2016) in many of
the studies; changes, errors, quality deviations, dam-
ages, defects, failures, and omissions are referred to as
the significant sources of rework (Palaneeswaran 2006,
Ajayi and Oyeyipo 2015). Change as one of the main
sources of a rework typically is generated from con-
tract deviation (Love et al. 2005). Changes mostly
result in variation and have the potential to raise dis-
putes. An extensive literature review indicated that lit-
tle research exists on the sub-topic of change and its
relationship with rework (Love et al. 1999, 2002,
Mahamid 2016, Kermanshachi et al. 2018). In contrast,
many researchers have studied the sub-topic of error
as the other significant source of rework.

Identifying and classifying the rework causes is the
first step in rework management (Hwang et al. 2009).
Some of the research that employed underpinning the
theories for the in-depth study of rework causes was
able to identify causal factors that explain how rework
occurs (Love et al. 2010, Aiyetan 2013, Hwang et al.
2014, Forcada et al. 2017). Other studies that have
provided a list of single casual factors have not
explained the relational aspect of rework causes and
have been unable to develop a mitigation framework
(Li and Taylor 2014). Introducing the concept of
“rework cycle” and using system dynamic tools led the
other studies to a better understanding of rework
interactions (Hegazy et al. 2011), then several studies
were conducted to identify rework causes. Rework
causes were classified to facilitate the proposed cor-
rection actions (Zhang et al. 2012). Depending on the
research scope, several classification methods have
been appearing for categorizing, measuring, and
quantifying the identified rework cause. All introduced
and used classification methods have typically been
sorted in terms of the organizational body, such as cli-
ent, consultant, designer, contractor, and subcon-
tractor; or the key elements of the project, such as
people, project, and organization; or stages of the pro-
ject, such as design, planning and scheduling, con-
struction; or management factors, such as project
management and communication, site management,
quality management, and contract management; or
other aspects, such as process and changes, technical,
machines, materials, external factors, and technology.

Throughout the past three decades, numerous
rework causes have been introduced based on a
review of several studies (Josephson et al. 2002, Love
et al. 2009, Ajayi 2017, Enshassi et al. 2017, Ndwandwa
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et al. 2017, Eze et al. 2018, Safapour et al. 2019). Apart
from that, using various versions of identified causes
in different settings over the years, a long list of root
causes has been compiled. Providing a list of all the
identified rework root causes requires a systematic lit-
erature review and further content analysis.
Consequently, there is a considerable amount of effort
involved to identify rework causes at different stages
of projects, so a general measure to prevent rework
has not been defined yet (Ma et al. 2019a) because it
is believed that rework studies cannot be compared
due to a lack of uniformity (Palaneeswaran et al.
2008). The comparison of various introduced classifica-
tion methods showed that the cluster titles are the
same, but most of the root causes under each cluster
vary, as each study follows different definitions.

Factors affecting rework

This group of studies has identified and assessed cer-
tain factors to determine whether the extent of rework
occurrence is affected or not. Understanding the fac-
tors affecting rework helps researchers to provide bet-
ter models and solutions for rework management.
Searching the affecting factors of rework is an appro-
priate way to find opportunities for improvement.
Most of the researchers in this group have first con-
ducted literature reviews to determine the factors and
then assessed them through question surveys and
interviews. This group of papers has evaluated the fac-
tors affecting rework through various civil, construc-
tion, and residential building projects. An extensive
literature review into this study area indicated that
research on factors affecting rework covers only a
small portion of possible variables so more investiga-
tions are required. The following factors have been
assessed under rework circumstances; site supervision
(three studies), project type (two studies), procure-
ment method, organization size and the use of quality
assurance, systems organizational learning, contract
documentation, labour controls, change order, organ-
izational culture, work ethic culture, labour productiv-
ity, visualization, BIM and technology (each in one
study). However, three more factors from other study
areas can be added to the list of factors affecting
rework, such as waste material, the role of project
team members, and the role of the supply chain.
Despite the initial finding that showed no relation-
ship between project type and selected procurement
method with cost and time performance (Love and
Edwards 2005), there is some evidence confirming
that rework is influenced by project type, location of
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the project, and the type of contract (Forcada et al.
2016). For instance, civil infrastructure projects experi-
ence less rework compared with building projects
(Love et al. 2010), and rework in green building proj-
ects is lower compared with other conventional build-
ing projects (Hwang et al. 2016, Salihu and Babarinde
2020). The application of technology also is the other
factor that has been the core of discussion and
debates over the years. However, advanced technol-
ogy, such as BIM and visualization may reduce design
errors (Li and Love 1998); their implications need to
be assessed within a clear perspective and defined
project management process (Love et al. 2016a).
Therefore, using technology without considering the
other conditions of the project may not ensure the
reduction of rework. In other words, this topic still
requires more investigation in future studies.

Rework impacts

This group of papers has mainly focussed on rework
effects by quantifying and measuring rework impacts,
such as time overruns and cost overruns. Rework plays
a critical role in the construction industry as it deals
with the performance of projects. From this point of
view, many studies have connected their research on
project performance or construction performance,
mainly through means of cost, time, and quality.
However, while a critical review of the selected papers
showed many concerns around this area of study, only
those papers that directly assessed or analyzed the
impacts of rework have been clustered in this group.
In addition to the time and cost impacts of rework,
several other factors also have been identified as the
consequences of rework that affect people, projects,
and organizations. The other identified effects of
rework are listed below (Love and Edwards 2004, Love
et al. 2004, Palaneeswaran 2006, Aiyetan 2013, Eze
and Idiake 2018a):

(1) Psychological well-being of individuals, such as
employees’ demotivation, stress, dissatisfaction
on the part of the project team, the low morale
of workers, absenteeism, fatigue, and dissatis-
fied customers.

(2)  Projects measures, such as quality degradation,
unsafe structures, poor contract management,
contractual claims and disputes, additional mate-
rials and resources, wastage handling, loss of
profit/revenue, and lower performance.

(3) Organizational factors, such as battered reputa-
tion, reduced market share and loss of business,

increased professional fees and financial difficul-
ties, inter-organizational conflict, litigation, extra
charges due to additional workforce and supervi-
sion of manpower, turnover of management,
and lower productivity.

Each of these three groups of effects has an inter-
action with the others and, most importantly, each
has cost impacts that are not measured by the organi-
zations. Therefore, the total rework cost in construc-
tion projects remains relatively unknown (Love et al.
2019b). Due to the nature of the performance-oriented
construction industry, most of the research in this area
of study has focussed on measuring the two crucial
factors of cost and time. An extensive review of the lit-
erature indicated that various costs and time reports
could be found within the selected papers. The broad
range of rework costs reported in both types of resi-
dential building projects and civil and construction
projects is due to the diversity of rework definitions,
which affects the scope of rework consequences and a
variety of measuring methods (Love and Curtin 2019,
Zhang et al. 2018). The indirect cost of rework has not
been included in many of the reported costs. Taking
this proportion of rework cost into account depicts
how rework influences the performance of the project.
More details of all previously reported rework costs
are presented in Table 3.

In addition, the time impacts of rework have been
reported in different ways and so their results are
diverse. There is a difference in the reported delay
that originated from rework as each research study
follows different methodologies; for instance, a case
study is showing a 4.1% delay of project duration
while the question survey shows a 5.18% delay
(Anjum and Azam 2019). Another question survey in
the construction of building projects between 2005
and 2015 in Nigeria reported an average of a 7.35%
impact on the initial delivery time (Eze and Idiake
2018b). Case studies in Sweden have indicated that
7.1% of the total work time is required for correcting
the rework (Josephson et al. 2002), while a single case
study in Uganda showed 8.42% as the mean percent-
age of the rework-related impact on the project
schedule (Kakitahi et al. 2016). Reports from 226 proj-
ects indicate more than three weeks' delay as the
impact of client-related rework regarding time (Hwang
et al. 2014). Besides, the contribution of rework in
schedule growth was reported as 25% from 32 compa-
nies (Hwang and Yang 2014), while the mean schedule
growth reported by Love (2002) was 20.7%. A study in
Malaysia has also shown that the scheduled growth
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Table 3. Summary of reported rework cost from literature.
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Rework cost Method of measure Type of project Country Type Source
2.0-3.2% of the total QS, 100 projects High-rise building Indonesia A Alwi et al. 1999
project costs
3.15 and 2.4% of the project 2 Case studies Residential and Australia A Love and Li 2000
contract value industrial
warehouse
4.4% of the 7 Case studies Construction projects Sweden A Josephson et al. 2002
construction values
6.4% (direct) and 5.6% QS, 161 projects Construction projects Australia A Love 2002, Love
(indirect) of the original et al. 2004
contract value, 12% “Total
rework cost (TRC)”
5% (direct) of the total Online questionnaire, Buildings, heavy, and - A Hwang et al. 2009
construction costs 359 light industrial,
projects “database” Infrastructures
10.29% of contract value QS, 115 projects Civil infrastructure Australia A Love et al. 2010
5.06% of the completion cost Database of New building Nigeria A Oyewobi et al. 2011
25 projects
3.23% of the completion cost Database of Refurbished building Nigeria A Oyewobi et al. 2011
25 projects
2.93% (direct) and 2.20% Qs, 78 firms’ Construction projects South Africa A Simpeh et al. 2011
(indirect) of the contract participants
value, 5.12% (TRC)
11.30% of original QS, 276 projects Construction and Australia A Love and Sing 2013
contract value engineering projects
10-15% of the original QS, 86 contractors Residential building Palestine A Mahamid 2016
contract cost
0.5-3.7% of the total QS, 47 housing Residential building Sri Lanka B Dahanayake et al. 2016
work value
4.08% increase in total cost of Single case study Construction projects Libya B Al Zanati and
the project at 76% Bajracharya 2017
completion of duration
2.75% of the original Case study Building projects Spain B Forcada et al. 2017
contract value
0.39% of contract value Case study, Construction projects Australia B Love et al. 2018a
346 projects
1.85% of the construction Case study® Residential buildings Iran B Anjum and Azam 2019
cost® QS, 22 projects®
2.1% of the
construction cost®
4.95% of the total project cost Multiple case studies, Residential building China A Liu et al. 2020

6 projects

A: project rework, which includes scope changes and manufacturing errors off-site. In this case, rework is presented as a cost to the “project”, and no
distinction is made to who pays for the repeated works; B: construction rework, which excludes scope changes and manufacturing errors that arise off-

site and focuses on the costs to the contractor; QS: questioner survey.

due to rework is from 5.1 to 10% (Yap et al. 2017).
Analysis of a project schedule through a simulation
model confirms that lengthening house completion
times incorporate rework influences (Arashpour
et al. 2014).

Theories and techniques

This group of studies deals with theories and some
techniques to identify rework causes or measure their
impacts in the project’s design and construction stage,
with the purpose of better understanding the nature
of rework. Using theories and implementing some
tools and techniques commenced in 1999, it is still a
concern. Current evidence of the recent articles on
this study area shows that researchers are still explor-
ing various techniques to acquire more details about
the nature of rework in the construction industry (Ma

et al. 2019b, Hwang et al. 2019). The increased num-
ber of publications in this area is attributed to the
need to acquire deeper knowledge around rework.
The identified theories and techniques have been
implemented and tested in both civil construction and
residential building projects. The core methodology
used in this group of studies depends heavily on the
questionnaire survey and interview followed by case
studies. The more frequently employed tools and tech-
niques in rework papers include system dynamic (SD),
regression and multiple regression analysis (RA), ana-
lytic hierarchy process (AHP), and action research (AR).
Some of the techniques that have been utilized along
with their implications in rework papers are listed in
Table 4. The other tools and techniques used include
cause and effect, multi-domain matrix, retrospective
sensemaking, partitioning algorithm, tipping point
dynamics, and the functional stupidity theory.

902
903
904
905
906
907
908
909
910
911
912
913
914
915
916
917
918
919
920
921
922
923
924
925
926
927
928
929
930
931
932
933
934
935
936
937
938
939
940
941
942
943
944
945
946
947
948
949
950
951
952
953
954


Author Query
AQ8: Please provide the significance of the indicators “a, b” in Table 3.

Author Query
AQ7: Please provide complete details for “Alwi et al. 1999, Dahanayake et al. 2016, Al Zanati and Bajracharya 2017, Kiani et al. 2018, Aljailawi and Shariatmadar 2017, Brito et al. 2018, Taggart et al. 2014a, Taggart et al. 2014b, Flanagan et al. 2008, Palaneeswaran et al. 2014, Shah et al. 2016, Love and Edwards 2002, Love and Smith 2003, Love et al. 2008, Ji and AbouRizk 2018, Rezahoseini et al. 2019” in the reference list or delete the citation from the text.


955
956
957
958
959
960
961
962
963
964
965
966
967
968
969
970
971
972
973
974
975
976
977
978
979
980
981
982
983
984
985
986
987
988
989
990
991
992
993
994
995
996
997
998
999
1000
1001
1002
1003
1004
1005
1006
1007

X

10 (&) R.ASADIET AL

Table 4. List of employed techniques in rework management papers between 1990 and 2020.

Method

Aim

References

Regression analysis (RA) and
multiple regression

System dynamics (SD)

Fuzzy set theory-based model
Theoretical conceptualization
of error causation

Generalized Pareto distribution
Artificial neural
networks (ANN)
Analytical hierarchy
process (AHP)

Action research (AR)

Cognitive mapping (CM)
Dependency structure
matrix (DSM)
Multivariate
statistical technique
Overlapping strategy matrix
(OSM) with the genetic
algorithm (GA)
Importance index (IMPI), such
as field rework index (FRI)
Critical chain design structure
matrix (CCDSM)

To identify the main causes of change orders, determine
the factors affecting rework, determine the effects of
change orders on rework

To understand the relationships among contributing factors
and to develop a model for rework prediction

To determine the significant variables that contributed

to rework

To determine a model that leads to reduction of total
rework cost

To measure the effects of work ethic culture on rework

To reduce design errors and rework

To develop a series of influence diagrams and conceptual
casual loop model

To describe how changes can impact the

project management

To prevent rework in projects with BIM implementation

To understand rework causal setting and why it remained
an on-going issue for organizations contracted to deliver
an asset

To calculate and analyze the probability of rework

To predict and classify of problems and to map the causes
and effects of rework

To identify the effective factors on rework, classification,
evaluation, and prioritizing them

To select rework measurement methodology

To investigate the problems faced by the companies and to
develop an improvement plan

To assist SME in eliminating and reducing rework and defects
To model the complexity and dynamic nature of rework
To identify tasks that are likely to drive rework within

a project

To achieve meaningful insights into the rework occurrences
in construction projects

To eliminate unnecessary rework

To give warning that rework occur or not
To quantify and visualize rework and its impact

To develop a schedule in construction projects
To mitigate rework risks and protect projects delay

Mahamid 2016

Forcada et al. 2017
Love et al. 2004

Love and Edwards 2004
Kiani et al. 2018

Love et al. 2000

Love et al. 1999

Love et al. 2002

Hwang et al. 2019
Love et al. 2019

Simpeh et al. 2015, Love and Sing 2013

Palaneeswaran et al. 2008

Aljailawi and Shariatmadar 2017

Brito et al. 2018
Taggart et al. 2014a

Taggart et al. 2014b
Love et al. 2016
Flanagan et al. 2008

Palaneeswaran et al. 2014

Hossain and Chua 2014

Shah et al. 2016

Ma et al. 2019b
Ma et al. 2019a
Ma et al. 2019c

Models and solutions

The core of study in this group of papers has concen-
trated on design models and proposed solutions that
mostly attempt to mitigate rework. The proposed
models and solutions can be found in 17 papers on
construction and civil projects, and seven papers on
residential building projects. The effectiveness of the
proposed models has been tested over the years by
monitoring various project aspects, such as supply
chain, design, quality, risk, technology, and learning
process. All the submitted models that are listed in
Table 5 provide an entire picture of what has been
done to date. The proposed solutions throughout the
reviewed articles also are presented after the table:

e The set-based concurrent engineering approach
to mitigate design rework risk (Arundachawat
et al. 2009).

e The risk classification matrix provides a frame of ref-
erence to mitigating future rework in complex

projects (Love et al. 2011, Love and Edwards 2013)
and risk  management approach  (Puspita
et al. 2019).

e The time-cost trade-off to an optimum overlap-
ping degree of design activities reduces change
and rework (Dehghan and Ruwnapura 2014).

e Conceptual learning framework for program alli-
ances confronted with rework (Love et al. 2015).

e Preventive Planning Tool (PPT) to identify rework
causes and to plan preventive actions (Hamilton
et al. 2018).

Recent evidence shows that the occurrence of
rework has not been reduced effectively over the past
few years even though various models and solutions
have been proposed. A reduction model works effect-
ively if organizations quantify rework impacts in
advance (Love and Edwards 2013). In terms of quanti-
fying the impacts of rework, organizations must will-
ingly acknowledge that rework occurs in their projects
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Table 5. List of rework management models over the period of 1990-2020.

References

Applied models and their purposes

Love et al. (1999)

Love et al. (1999)

Love et al. (1999)

Love et al. (2000)

Love and Edwards (2002)
Love and Smith (2003)
Love et al. (2004)

Love et al. (2005)
Palaneeswaran et al. (2006)
Sommerville (2007)

Love et al. (2008)

Love et al. (2009)

Zhang et al. (2012)
Forcada et al. (2014, 2016)
Simpeh et al. (2015)

Ji and AbouRizk (2018)
Zhang et al. (2018)

Rezahoseini et al. (2019)

The conceptual model for benchmarking and reducing rework throughout the quality-chain and to develop a
series of metrics for the causes and costs of rework using different procurement methods in building
construction projects

The conceptual model for improving the effectiveness of the supply chain and minimizing the incidence of
rework in building construction projects

Conceptual causal loop model to identify the major factors that influence rework and understand the casual
structure of rework influences

Design construction reduction model (DECOREM) to understand the factors that influence the occurrence of
design errors

Reduction model that leads to reducing of the total rework cost

Generic framework for benchmarking rework at interfaces of the project’s life cycle

Holistic reduction model to determine the significant variables that contributed to rework in building
construction projects

Pragmatic model for reducing the incidence of rework by the development of TQM culture in a structural steel
supply chain of residential buildings

Artificial neural network model for mapping rework related impacts

Analytical model to characterize, evaluate and inform decisions about defects and rework in new houses

Systemic causal model for design-error-induced rework in a commercial construction project

Generic structural model to identify the most significant causes of rework

Generalized model for rework reduction program (RRP) by managing a continuous improvement loop with four
functional processes

Rework generic systemic model to categorize causal variables adopted through project, organisation,
and people

Rework probability model to determine rework before the commencement of construction

Simulation model to quantitatively assist decision support systems in quality induced rework cost estimation

Conceptual rework management learning framework (CRMLF) which consists of people, approach, process, tool
and project environment to the analysis of rework management learning process

Model of TQM and BIM to identify the capabilities of BIM that can reduce rework in the projects

(Love and Smith 2018). Thus, proposing models and
solutions in future studies must focus on those
aspects of rework management that facilitate identify-
ing and controlling rework. Specifically, more attention
needs to be focussed on the early project stages, such
as design and contracting and it should also consider
human resources factors with a higher priority.

Management and strategies

This group of studies comes with recommendations
that are usually considered the organizations’ strategy
to manage rework. There is an increasing rate of pub-
lished papers on management and strategy during the
years 2015-2020 compared to earlier years. More than
50% of papers in this area of study have been pub-
lished in the last five years after 2015. The lack of effect-
ive proposed models and solutions has motivated
researchers to shift their minds towards management
and strategies. Publishing papers on the study area of
management and strategies between 2015 and 2020 is
higher, about twice that of the study area of models
and solutions. In terms of project types, research in this
area of study includes both civil construction and resi-
dential building projects. The nature of the suggested
management and strategies differs widely in scope and
content. The strategies used for the reduction or elimin-
ation of rework are very diverse. Hereafter, based on
the review of the literature the most emphasized

strategies and management practices to tackle the
rework issues have been presented.

Quality management practice, benchmarking system,
reinforcing supply chain relationships, lessons learned,
risk management, change management, safety manage-
ment, authentic leadership, error management, con-
structability, multidisciplinary design team, procurement
strategies, learning from error, cost management, organ-
izational learning, integrated design process, pre-project
planning, front-end planning, materials management,
dispute prevention, and resolution, utilizing building
information modelling (BIM), design scope freezing,
value management, use of information technology,
supervisors’ training, management commitment, the
involvement of subcontractor/suppliers during the
design stage, using relational contracting, and use of
the Last Planner System approach, checking design
drawings and verification. Some of these strategies have
been implemented practically in previous studies and
some need to be tested. While there was considerable
interest in identifying rework causes and determining
their consequences in the last several decades, it is time
to think about developing the best strategies for man-
aging rework.

Discussion and research gaps

Research on the various aspects of rework in the
reviewed articles illustrates the complexity of rework
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issues that is a consequence of a faulty activity or pro-
cess. The initial result of the comprehensive review
showed that rework had been studied with different
perspectives. Thus, it can be concluded that rework is
an essential topic for the construction industry. Results
showed that identifying the sources of rework is the
most interesting sub-topic that generally ends with a
classified cause of rework. The variety of presented
categories of rework causes has pointed out that there
is no commonly used classification method in con-
struction projects. Since there is no systematic litera-
ture review on rework causes, performing a
comprehensive review to unify all identified root
causes of rework under a comprehensive classification
model in the project life cycle is necessary. Studies
that address the impacts of rework also provided
insights into the implemented theories and techni-
ques. Due to the inter-related influences of rework,
several methods have been used in rework papers.
Frequently used methods include regression analysis
(RA) and multiple repression, system dynamic (SD),
action research (AR), and the analytic hierarchy pro-
cess (AHP). The implementation of more technical
methods is of interest in recent years. Various data
collection techniques were used to identify rework
causes, while analytical methods were rarely imple-
mented for assessing the impacts of rework due to
their difficulty of wuse in practice (Dallasega
et al. 2021).

The analysis of reviewed articles also revealed a
range of proposed models and solutions for rework
reduction and defined strategies for rework manage-
ment. Part of the suggested models have been tested
using case studies, yet the required level of project
performance has not been achieved as rework is per-
sisting in construction. Thus, the research moves
towards implementing strategies rather than propos-
ing models based on new project management con-
cepts ~ and advanced technologies.  Contract
documentation is one of the concepts of project man-
agement that covers the entire project life cycle. While
there is some research that has studied procurement
methods and contract documents in rework events
(Love 2002, Love et al. 2006) the conditions of the
contract under rework confrontation have not been
explored in the previous studies. Thus, employing a
strategy that evaluates the clauses of the contract in
rework circumstances would bring novelty and will
contribute to the body of knowledge. A contract is a
legally binding document that governs all stages of a
project and shares responsibilities between all project
participants, so it is assumed that it plays a critical

role in the process of reworking in an inte-
grated manner.

It is important to understand what has been done
regarding the contracts in the previous rework studies.
An in-depth review of the sources of rework revealed
that the contract document can be a potential source
of rework occurrence (Love et al. 2003, Palaneeswaran
et al. 2008, Forcada et al. 2014). As such, in the study
by Love et al. (2006), they conducted research to
investigate the effects of contract documentation in
the incidence of rework. The main focus of the con-
ducted research is on the quality of contract docu-
mentation/s in relation to the design consultants.
Another research on the effects of rework in urban
renewal projects in Colombia concluded that the type
of contract is one of the triggers in rework occurrence
(Forcada et al. 2017). While all this evidence shows the
importance of the contract in rework incidences, up to
now, as far as we can tell, few, if any, studies have
assessed the conditions of the contracts in construc-
tion projects to tackle the rework phenomena. Based
on a further review, factors affecting rework showed
that very few studies have attempted to evaluate the
influences of procurement methods on rework in con-
struction projects. The result of the study conducted
by Love (2002), indicated that the cost impacts of
rework do not vary significantly among different pro-
curement systems. Other studies that were conducted
later claimed poor procurement methods as one of
the main contributing factors of rework (Oyewobi and
Ogunsemi 2010, Aiyetan 2013, Oyewobi et al. 2016). It
is expected that the evaluation of contract conditions
as the main output of a procurement system may
result in a better understanding of rework.

Regarding the impacts of rework, many research
studies have studied the cost impacts of rework as
illustrated in Table 3. The value of the construction
contract is affected by rework up to 15% or even
more as reported in some cases. Having in-depth
knowledge of rework costs may encourage researchers
to investigate further how the causes of the rework
could be eliminated. Current evidence shows how the
research on the cost and time impacts of rework has
saturated studies while measuring and quantifying the
other rework effects has received less attention.
Some of the other important rework effects, such as
contractual claims and disputes, human influences,
and safety, need to be considered more in the future.
Furthermore, even though rework influences contrac-
tual claims and disputes, the literature shows that
there is a scarcity of studies that assess rework in rela-
tion to claims and disputes (Palaneeswaran et al.
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2006). Lack of such studies may arise from the reluc-
tance of the contract parties to scrutiny, which is refer-
enced as uncomfortable knowledge in the study done
by Love et al. (2019a). Thus, the assessment of the
contract clauses of the construction projects in terms
of addressing rework and its causes may result in
fewer numbers of claims and disputes.

In addition, all the proposed models and solutions
for reducing or preventing rework have been utilized
during the design and construction stage of the pro-
ject. Some studies pointed out that the proposed
models and solutions can reduce the impacts of
rework or predict the probability of a rework occur-
rence. They mainly cover the two stages of design
and construction separately or jointly and in a few
cases include the procurement stage of the project.
The results revealed that none of the proposed mod-
els and solutions in the literature deal with the con-
tract directly. Thus, a framework that deals with the
conditions of the contract to tackle rework could pre-
vent rework occurrence due to the early identification
of the causes. Such a model also reduces the number
of contractual claims and disputes in construction
projects. Contract management is used as a tool for
achieving the quality of work in construction projects
(Coleman et al. 2020). Similarly, the contract is used
for processing rework, even though it has not been
employed and tested in the previous studies as listed
in Table 5. A list of strategies that can deal with
rework management has also been extracted from the
literature. Among all the identified strategies, change
management, dispute prevention, and resolution, pro-
curement system, and relational contracting are linked
to the construction contracts. The Construction
Industry Institute (Cll) has defined these strategies as
the best practice to improve the performance of the
project (Safapour and Kermanshachi 2019). While
some research has studied change management to
mitigate rework (Mahamid 2016, Kermanshachi et al.
2018, Love et al. 2019b), the content analysis revealed
that the rework literature lacks implementation of the
contracting-related strategies. All the evidence from a
comprehensive review of the rework literature con-
firms that studying rework further in the contract
documents is required.

Despite many efforts made to explore rework in
construction projects, some gaps were identified
through the literature review. Future studies will
extend the existing knowledge, so further attempts to
analyze any of the identified gaps will provide a
higher understanding of rework processing and cover
the research shortcomings. Some of the other gaps

CONSTRUCTION MANAGEMENT AND ECONOMICS 13

that were identified during this study are listed
as follows:

(1)  The lack of integrated research on rework in con-
struction projects is one of the areas that need
more attention. Rework causes are very complex
and interrelated, therefore proposing a solution
that is only relying on rework causes in one
stage does not cover the project life cycle. Thus,
integrating all rework causes into a platform con-
sisting of the parties involved and all project
stages could be an efficient way to conduct
rework management in construction projects.
Such studies can be started with a systematic lit-
erature review on rework causes to assess and
unify previous classification models. Previous
studies have adequately reviewed rework in the
construction and design stages of a project but
studying rework in procurement or tendering is
very limited. Poor contract documentation has
been identified as a major contributing factor to
the occurrence of rework (Love et al. 2006).
Assessment of contract documents to discover
how a rework situation can be linked with pro-
curement activities may fill the existing gap.

(2) The comprehensive literature review revealed that
the number of studies on rework management
across the construction supply chain is limited
only to six papers. The rework process incorpo-
rates different project players, including client,
consultant, designer, contractor, subcontractor,
and supplier (Hwang et al. 2019). The collabor-
ation of all these parties to achieve effective
rework management is required. Thus, there are
vast opportunities available for the future study of
rework based on the perspective of supply chain
management. Moreover, even though several the-
ories, tools, and techniques have been employed
in the rework literature, some of the concepts
within the supply chain of construction projects
still need more investigation, such as off-site con-
struction, modular and prefabrication, lean con-
struction tools and techniques, risk assessment
and contract management strategies. The contract
is a key element of supply chain management,
and the contract conditions have not been
studied under rework events yet. Only a few
researchers have studied the interconnection of
rework and contract documents. None of the
study areas of rework dealt adequately with con-
tracts and it is highlighted as a knowledge gap,
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while rework has adverse effects on contracts by
generating claims and disputes.

Future research can also work on the study of
critical success factors and barriers. During the
last 30 years, different models and solutions of
rework management have been tested.
Nevertheless, based on a review of the literature,
no study could be found that has examined the
critical success factors of the proposed models,
therefore it is a suitable time to study these fac-
tors. Better implementation of future solutions
will be possible once CSFs and barriers
are identified.

Many studies are still researching the traditional
way for rework management, and there are very
few if any studies that could be found using
innovative solutions. Research on rework is
expected to be incorporated with advanced tools
and technologies. In recent years, BIM as an
innovation management model shows great
potential to decrease rework. However, such
results need to be validated at least through

A comprehensive rework
classification model; consisting
of project life cycle and involved
stakeholders

Assessment of
the contract
provisions under
rework fills the
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and would
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some case studies. Exploring advanced technolo-
gies, such as using a cloud-based information
flow or concurrently using BIM and other IT
applications in future research is recommended.
Transferring lessons learned from previous proj-
ects to the next project can prevent the occur-
rence of rework (Oke and Ugoje 2013). Lessons
learned to activate the process of learning, which
will enable the organizations to prevent rework
(Love et al. 2015). Rework reduction in program
alliances is an example of a successful model and
can be used as a lesson learned. Program alliances
facilitate learning through an organizational cul-
ture (Love et al. 2016b). Providing such cultures
for cooperative learning instead of focussing on
rework reduction may result in better achieve-
ment. Thus, future research could bring attention
to learning theories and human resources, as
rework basically is a product of human errors.
Figure 2 shows the identified gaps and their rela-
tions to the construction contracts which need to
be explored and validated in future studies.

i N
' Contract documents legally cover !
parties’ obligations. Contract
appraisal will highlight each
parties’ responsibilities in rewark
circumstances, and it helps to
improve project performance
through an appropriate claim and

dispute management.

Rework in
supply chain
managemen

N
& e

Using innovative
tools and
techniques in
construction
projects needs to
be incorporated in
the contract
between parties.
Therefore,
studying contracts
in connection to
such advanced
technologies will
help the industry.

Innovative
solution and
rework issues

“,

.

Further research on the various type of contracts
used in construction projects will provide
opportunities to learn from past experiences. It
can be done through case studies under different

procurement methods.
N ey

Figure 2. Identified gaps and their relations to construction, a diagram for future studies.
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Overall, the discussion section highlights the point
that assessment of rework in the contract as the main
output of any procurement system will result in a bet-
ter understanding of the rework process by contract
parties. It also will allow contract administrators to
manage their contracts through rework-related provi-
sions under the conditions of the contract. As such, a
model that deals with various clauses of the contract
can be proposed. This model will reduce conflicts as it
gives more awareness to the contract parties at the
early stages of the project, and therefore, the conse-
quent claims and disputes will be appropriately man-
aged. The same approach has been employed in some
previous studies to manage change orders (El-adaway
et al. 2016), safety issues (Abdul Nabi et al. 2020), back
to back relationships (Assaad et al. 2020), disputes
(Saseendran et al. 2020), time and delays (El-adaway
et al. 2020). All these studies have investigated the
conditions of the different standard forms of contract
by comparing various clauses. The most commonly
reviewed clauses of the contract in these studies are
the extension of time, changes, claims, and dispute
resolutions, payments, suspension and terminations,
obligations and responsibilities, defects, and the engi-
neer's power. Following a similar approach, the initial
review of the commonly used standard form of con-
tract in New Zealand showed that rework is linked to
the clauses of variations, time extension, the engi-
neer's power, defect liability, payments, disputes, and
general obligations. However, more investigation by
conducting surveys and professional interviews will
validate such preliminary impressions. Therefore, fur-
ther studying rework under contract conditions is sug-
gested to achieve more details of the relations
between rework and the targeted clauses of
the contract.

Conclusion

The research aims to provide information on rework
studies and identify knowledge gaps for further
research in construction contracts through a compre-
hensive review. Based on a four-step literature review,
rework papers from 1990 to 2020 were selected and
analyzed in terms of research interests and their con-
tributions to the body of knowledge. Hence, it has
provided a platform to gain more useful information
about rework concerns. The results showed that
rework had been studied within six distinct research
areas. The published papers mainly cover rework
effects on project performance, rework causes and
rework factors classification, strategies to manage
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rework either through reduction or prevention model-
ling, risks of rework, and recently the focus has moved
more to safety concepts, learning, and human resour-
ces. A considerable proportion of rework studies have
focussed on rework root causes, explaining that a
great effort has been made to understand the nature
of rework. Although identifying the sources of rework
is the constant theme during the reviewed period,
proposing models and solutions and implementing
new strategies within a diverse perspective has
attracted more interest in the most recent rework
publications. A research model or commonly used
solution for controlling rework cannot be generalized
due to the variety of presented approaches. The ana-
lysis of rework research helps practitioners look for fur-
ther collaborative research opportunities.

The paper has also identified some gaps for con-
ducting future rework studies, such as the lack of an
integrated method of mapping rework in the project
life cycle, a lack of rework research in the procurement
stage of the project, a lack of study on the critical suc-
cess factors and barriers of suggested rework models,
and there are also some other limitations. Therefore,
new strategies are expected to emerge. Evaluating
rework causes within the contract conditions could be
a novel way to manage rework as the contract is an
integrated document among the stakeholders of a
project. It is suggested that rework needs to be con-
sidered at the early stages of the project as contract
parties plan for the construction. Overall, construction
commences after procurement, once the contract
between parties is signed off. Conditions of the con-
tract are an area that has not received much attention
in rework research studies. Furthermore, due to the
standard form of contract in most construction proj-
ects, the improvement process as it relates to contract
conditions seems to have been neglected in the
industry. Thus, considering the importance of rework
issues at the time of contract preparation could be an
effective way of monitoring rework. This paper sug-
gests further studying of rework at the procurement
stage of the project and contract is the main output
of this stage. Rework also is a contributing factor to
contractual claims, disputes, and conflicts among con-
tract parties. Thus, rework can be used as a trigger for
contractual improvement by providing a framework to
manage contractual claims and reduce disputes. In
other words, rework circumstances can be assessed in
the conditions of the contract. Such assessment can
cover the main related clauses, such as variations,
time extension, defect liability, payments, engineers’
power, and general obligations. The result of the
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contractual assessment provides recommendations for
revising the contract’s clauses and minimizing the loss
in value that originates from the necessity to rework.
Furthermore, the framework serves as a guide for
adopting the condition of the contract. It also facili-
tates the development of more efficient approaches
by decision-makers in the early stages of the project.

In sum, the approach used in this study is not with-
out limitations. The lack of using the complex combin-
ation of similar keywords is the limitation of this
study. This limitation can be justified by the inapplic-
ability of studying all related publications in one
review study. The main focus of the study is on the
matters related to rework. Thus, the results are subject
to the limited keyword of rework. The criteria for
selecting the keywords may seem narrow for the unit
of analysis, but the cross-check approach within three
databases provided a wide range of related publica-
tions. The identified 140 papers included in the con-
tent analysis were deemed reasonable for extracting
required information. Nonetheless, the employed
approach is considered appropriate according to the
study’'s aim to be aligned with the construc-
tion contracts.
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