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5 Abstract: Statistics show a high rate of contractual claims in construction projects, impacting the construction industry’s progress negatively.
6 Rework is one of the main underlying factors that generate contractual claims. Rework and contractual claims follow a mutual routine. Despite
7 a large number of studies on the causes and impacts of rework on project performance, there has been limited research examining the relation-
8 ship between claims and rework on the basis of contract documents. The paper first attempts to expose the sources of rework through a
9 systematic literature review and then assesses rework causes that fail to be addressed in construction contract documents. The review results

10 identified 37 root causes as the most common rework contributors to construction projects classified into five groups. The list of rework causes
11 served as a starting point for searching the contractual issues through a questionnaire survey. Accordingly, a relative importance index was used
12 for analysis of the primary data collected from the survey. The result first prioritized the importance level of rework causes in generating
13 contractual claims, preceding rework causes that are not addressed adequately through standard form of contract conditions in construction
14 projects. Findings of the investigations revealed that the general conditions of contract do not address the causes of rework adequately. There-
15 fore, contract documents need improvement to cover contractual claims incidences due to rework. Lack of addressing rework causes in the
16 general conditions of contract triggers recommendations for revising the contract clauses that ultimately lead to improved claim handling and
17 dispute avoidances. DOI: 10.1061/(ASCE)LA.1943-4170.0000519. © 2021 American Society of Civil Engineers.

18 Introduction

19 1 In the construction industry, a broad range of stakeholders with
20 various requirements are connected through a contract. The con-
21 tractual approach of the project parties determines the successful
22 level of project delivery (Gunduz and Elsherbeny 2020). Ineffective
23 management of contracts between client and contractor often leads
24 to conflict and claims. The client side of the contract asks for the
25 highest quality of the project, and the contractor side attempts to
26 cover the scope of work using its optimal resources and meeting
27 its financial targets. Adding to that, clients usually change their
28 expectations, which increases project uncertainties (Wang et al.
29 2019). Increasing the numbers of uncertainties in the construction
30 project may result in contractual claims. Contractual claims are
31 generally issued for covering losses and expenses, liquidated dam-
32 ages, or extensions of time (Hwang and Yang 2014; Hansen et al.
33 2020; Kim and Skibniewski 2020). When a claim arises, both sides
34 of the contract follow their interests on a contractual basis. How-
35 ever, the contractor’s goal would be to cover the expenses by
36 searching the contract clauses with respect of unforeseen circum-
37 stances (El-adaway et al. 2018).
38 The unavoidable occurrence of contractual claims has been dis-
39 cussed sufficiently in the complicated nature of construction proj-
40 ects. According to Moza and Paul (2018), the quality of contract

41documents is one of the sources of claims and conflicts. Because
42the adverse effects of a claim are predictable by the contractual
43parties, the occurrence of dispute cases is preventable. Thus, the
44method of dealing with the claim and reimbursing its impacts needs
45to be defined. If the contractual parties successfully reach an agree-
46ment, the claim would be managed; otherwise, it results in disputes.
47Overall, the claim progression procedure has been placed in the
48contract conditions to legitimize claim assessment and avoid the
49occurrence of disputes (Abdul-Malak et al. 2020). Furthermore,
50the mechanisms of claim assessments and their solutions are almost
51always addressed in the standard forms of contract conditions in
52the construction industry. However, understanding the contractual
53terms among these contracts is not easy for all construction practi-
54tioners because the conditions are articulated by legal entities (Raj
55et al. 2009).
56A comprehensive review of the literature revealed insufficient
57research identifying the relationship of rework and claim. How con-
58tractual claims are affected and may result in dispute has not been
59studied yet under rework circumstances. Therefore, there is a need
60to investigate the causes of rework in association with contractual
61construction claims. Because contractual claims are referred to in
62the contract conditions (Jelodar et al. 2016), rework causes gener-
63ating such claims can also be referenced to the same conditions. For
64example, a claim could cover the client’s changes when appropri-
65ately incorporated into the contract’s relevant clause. Concurrently,
66the imposed changes may result in rework occurrence. Due to the
67similarity of the causes between claim and rework in this example,
68the relevant contract conditions for addressing change can be uti-
69lized for addressing rework. This paper attempts to provide the ba-
70sis for further research on contract conditions and their potential to
71address rework by identifying relationships between claims and re-
72work causes. As a result, it is necessary to characterize this relation-
73ship first through examining their common root causes. The reported
74study in this paper uses a review approach to identify common
75causes of rework and then explores the relationship between rework
76and claims. The objectives of this study include the following:
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77 1. To identify rework causes that generate contractual claims and
78 establish the relationship between rework and claim, and
79 2. To investigate if rework is addressed adequately in the general
80 conditions of the contract in construction project.
81 The study examines the standard form of contract for building
82 and civil engineering construction NZS 3910-2013 (Standard New
83 Zealand 2013) as the most commonly used contract document in
84 New Zealand construction projects for achieving Objective 2. NZS
85 3910 has been designed to be flexible for industry uses and includes
86 the required provisions to cover a variety of engineering and build-
87 ing projects with different administration methods.

88 Need to Explore Contract Conditions in
89 Rework Circumstances

90 To some extent, contract conditions have been shaped in a standard
91 format in the construction projects of many countries. Based on the
92 literature review, claims and associated disputes can be related to
93 contract conditions, so their underlying causes, such as rework, can
94 systematically be linked to the contract conditions. From the liter-
95 ature it can be implied that rework triggers a claim, and poor con-
96 tract conditions make the scenario even more complicated (Besaiso
97 et al. 2018). This paper intends to make contribution to rework by
98 improving contract management on construction projects. Rework
99 causes are very complex and interrelated. Many researchers have

100 studied rework in the design and construction stages of projects but
101 studying rework in the procurement stage is very limited. The con-
102 tract document is the main output of the procurement stage of a
103 project, and poor contract documentation has been identified as a
104 major contributing factor to the occurrence of rework (Love et al.
105 2006; Mendis et al. 2013, 2015). In addition, contract provisions
106 play a critical role in claim handling and can prevent disputes.
107 Therefore, the focus of the research reported in this paper is to
108 understand the relationship between rework and contractual claims
109 and explore the adequacy of the conditions of the contract in
110 addressing their common causes. Understanding this relationship
111 is vital because it ultimately serves as a framework for improving
112 the general conditions of the contract. Proposing further recommen-
113 dations for revising the current format of contract conditions to
114 address rework would result in better management of claims and
115 disputes. It could enhance the contract provisions as part of the sol-
116 ution for claim handling that is incorporated into dispute prevention.

117 Common Sources of Claim and Rework in
118 Construction Projects

119 There is an interdependent relationship between rework and con-
120 tractual claims of construction projects (Palaneeswaran et al. 2014;
121 Ajayi and Oyeyipo 2015). Correlation coefficient analysis through
122 neural network modeling showed that contractual claims and re-
123 work were significantly related (Palaneeswaran et al. 2006). There-
124 fore, rework consistently pushes contractors looking for claims to
125 compensate for cost and delayed time, specifically when rework
126 influences the budget and critical path of the project. Despite a
127 strong correlation between rework and claims, the investigation of
128 their relationship is limited in the literature; however, extensive re-
129 search has been dedicated to each subject separately. Due to the
130 scarcity of empirical research, this paper aims to examine claims
131 under rework manifestations. Rework has been introduced as one
132 of the causes of claims in various studies (Love and Curtin 2020;
133 Eze and Idiake 2018; Wang et al. 2019; Banwo et al. 2015). Re-
134 work, and claims, cause overruns and delays that ultimately lead to
135 poor project performance. The effects of rework on a construction

136project have been studied in Nigeria and the result showed that con-
137tractual claims are reduced when rework triggers are eliminated
138(Eze et al. 2018a). Causes of rework can be examined under vari-
139ous claim situations. Take an example of a material shortage in the
140market that generally ends with using alternative material, but the
141contractor needs to obtain the client’s preapproval for the material
142replacement. In this way, contractors save their position to be eli-
143gible for a claim in the future, while using alternative material is
144one of the root causes of rework in many projects.
145The sources of claim and rework are common in many circum-
146stances. For example, when changes occur, they cannot be isolated
147due to the existing interrelated chain of cause and effect. If the con-
148tractors are not sure about compensation for rework costs, they are
149unlikely to perform requested changes with priority, and therefore
150claims appear. Jelodar et al. (2016) categorized causes of claims
151into three main groups: (1) project uncertainties, (2) contract and
152process, (3) people, and behavior. The causes of claims in United
153Arab Emirates (UAE) construction projects were investigated
154and the results identified seven types of claim to be contract ambi-
155guity, delay, acceleration, changes, extra work, errors and omissions,
156and site conditions. The investigation then concluded that the main
157root causes were related to variation orders, delays by the owner,
158material changes, and variations in quantities (Zaneldin 2020). Fur-
159ther investigation into the International Federation of Consulting
160Engineers (FIDIC) contract conditions to determine the priority
161of the claim and dispute factors in an overseas construction project
162in Korea revealed 30 claim risk factors, of which failure to examine
163contract conditions at the time of tender was ranked highest (Choi
164and Kim 2016). Other causes that were identified in common
165as contributors to rework were acceleration, unrealistic contract,
166site management, improper planning, inadequate contractor expe-
167rience, mistakes during construction, improper construction meth-
168ods, quality assurance and control, material quality and shortage,
169change orders, mistakes and discrepancies in the contract docu-
170ment, lack of communication, weather conditions, site conditions,
171and coordination problems (Kim and Skibniewski 2020).
172Rework root causes are variables that facilitate the occurrence of
173claims. These variables may appear as an event, a chain of factors,
174or triggers resulting in rework in the project. The emergence of re-
175work root causes at all project stages is a possibility that cannot be
176ignored. Previous researchers have identified various root causes of
177rework. The study carried out by Liu et al. (2020) revealed that
178most rework costs are generated by three factors: contractor field
179management, design management, and client management. It also
180categorized 37 contributing subcauses of rework under 11 signifi-
181cant factors in China. Ranking of the subcauses of rework in this
182study showed that lack of communication between client and project
183parties has the highest impact on rework cost followed by design
184mistakes, contradictory instructions, ineligible techniques, and poor
185site conditions. Factors identified by Hwang et al. (2019) included
186client changes, design errors and omissions, design changes, con-
187tractor error and omissions, contractor changes, vendor errors and
188omissions, vendor changes, and transportation errors. These factors
189as the sources of rework were examined to measure the impacts
190of building information modeling (BIM) implementation in con-
191struction projects in Singapore. The omission and planning, change
192issues, funding and communication issues, poor workers, and re-
193source control are the principal rework risk triggers in Nigerian con-
194struction projects that cause rework (Eze et al. 2018a).
195Mahamid (2016a), in a survey conducted among residential
196buildings in Palestine, found that poor communication of client
197with contractors and consultant, poor-quality material use, and poor
198site management are the most severe rework causes that need at-
199tention. Other studies also confirmed that the client significantly
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200 contributes to most rework projects (Hwang et al. 2014). The study
201 of the client rework–related factors in Singapore revealed that the
202 client usually replaces material, changes project plans and scope,
203 and is involved in low-level decision-making processes. Using sub-
204 standard services, defects under the grouping of related technical
205 factors, lack of support for site management, lack of commitment
206 in the quality management–related group, disturbance of personal
207 planning, carelessness, lack of skill, and inexperienced staff under
208 the human resources–related factors are known as the highest con-
209 tributors to rework occurrence in the study done by Oyewobi and
210 Ogunsemi (2010). According to Enshassi et al. (2017), attempts to
211 defraud, competitive pressure, ineffective management, and sched-
212 ule pressure are the main causes of rework in the Gaza Strip that
213 influence the productivity of construction projects. The most com-
214 monly used rework factors and their root causes can be found in the
215 studies done by Palaneeswaran et al. (2008) and Love et al. (2009)
216 categorized under four headings: client, contractor, site manage-
217 ment, and subcontractor groups. They include changes, errors, omis-
218 sions, lack of allocating funds, low contract fee, ineffective use of
219 quality management, poor technology use, and incomplete design at
220 tender time, leading to poor contract documentation. Some other
221 factors and causes of rework related to external sources or environ-
222 mental aspects have also been identified, including political issues,
223 economic situations, and weather conditions (Mahamid 2016b;
224 Enshassi et al. 2017).
225 The characteristics of the project are altered by activation of re-
226 work root causes. Thus, the project results do not meet the contract
227 or the client’s requirements. According to Al-Janabi et al. (2020),
228 poor contract management could result in ambiguity in the contract
229 documentation. Initially, such ambiguity is due to the poorly de-
230 fined scope of the project by the client. Mistakes in the contract
231 documentation create errors during the construction process that
232 will ultimately end with change orders, claims, and rework. Thus,
233 the procurement stage of the project needs more investigation to
234 minimize such problems. Further studying of the effects of procure-
235 ment on rework in construction projects has also been recom-
236 mended (Anjum and Azam 2019). This research aims to identify
237 the root causes of rework through a comprehensive review of the
238 literature and examine their influence on contractual claims by con-
239 ducting a questionnaire survey. The identified root causes provide a
240 basis to understand the potential problems in rework occurrence
241 that lead to claims and other contractual issues. Thus, it would help
242 project organizations to control rework’s adverse effects such as
243 disputes by addressing identified causes in the contract documents.

244Methodology

245For this study, a mixed method of literature and survey was used to
246cluster and rank rework causes that generate claims using relative
247importance index (RII) analysis. The study followed a comprehen-
248sive literature review to identify the causes of rework, and then a
249questionnaire approach to collect data was carried out. The initial
250strategy was based on the analysis of implemented theories for
251meeting the sources of rework through the literature. The survey
252then comprised structured questions, including 37 identified rework
253causes collected from previous studies for further investigation. The
254employed strategy was completed by gathering professionals’ opin-
255ions to evaluate the contractual claims during rework circumstan-
256ces. The second phase was designed to assess contract documents
257in the presence of ework causes among practitioners in New
258Zealand construction companies. Before sending questions out
259to collect data, a pilot study was conducted to verify that questions
260are reliable, answerable, and designed appropriately to align with
261the research objectives.
262The adopted framework of 4-level methodology to gain insight
263into the relationship between rework causes and contractual claims
264in New Zealand construction contracts is presented in Fig. 1. After
265preanalysis of identified rework causes and categorizing them into
266five groups of factors, the questionnaire survey using a 5-point
267Likert scale was distributed to the targeted participants. Finally,
268descriptive statistics were adopted for participants’ demographic
269information, and a relative importance index was performed for
270ranking the causes of rework. The methodology’s outline simply
271follows the sequences as described hereafter.

272Literature Review and Content Analysis of
273the Literature

274A 4-step systematic literature review was carried out. In this stage,
275rework-related articles were identified to determine the possible
276causes and their classification models. The comprehensive litera-
277ture review followed four main steps: (1) defining a strategy search
278by choosing the keyword of rework in the title of papers in the field
279of construction between 1990 and 2020, (2) refining the identified
280papers by applying some exclusion and inclusions to find more
281precise articles according to the scope of the study, (3) quality as-
282sessment of the remaining papers by scanning the titles and review-
283ing the abstracts, and (4) extraction data from the final shortlisted
284papers using a Microsoft Excel file. Similarity checking to prevent

F1:1 Fig. 1. Applied methodology.
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285 duplications in published papers and identified rework causes was
286 also carried out. Three search engines were employed for retrieving
287 relevant journals and conference papers. The shortlist of relevant
288 articles was prepared after screening the full text of the selected
289 papers. This stage finally concluded with a list of rework root
290 causes disseminated throughout the project’s life cycle.

291 Questionnaire Design and Pilot Study

292 In reference to Table 1, a total of 37 retrieved root causes of rework
293 from the literature were selected to be used in the preliminary ques-
294 tionnaire. Following the literature’s concept, similar causes of re-
295 work were grouped to construct rework factors under five broad
296 headings: process, human resources, material and equipment, tech-
297 nical, and general/external-related factors. Because one purpose of
298 this paper is to explore the significant causes to be included in the
299 next research step, it was decided to use an exploratory survey re-
300 search design. A well-structured questionnaire to collect data from
301 the causes leading to contractual claims was designed. The ques-
302 tionnaire was based on the 5-point Likert scale from strongly dis-
303 agree (1) to strongly agree (5) to measure the influence of each
304 cause on claims. The survey involving the use of these structured
305 questions covers the quantitative part of the research. A pilot study
306 verified the questionnaire and ensured that the questions are appro-
307 priate for research purposes. The questionnaire was tested with four
308 experts, two from the academic field and two from industry. The
309 academic experts reviewed the fluency and clarity of the questions
310 in line with the study’s objectives and confirmed the simplicity and
311 precise language (Gunduz and Elsherbeny 2020). Also, questions
312 were controlled because they need to be easy to answer (Eze et al.
313 2018a). Two industry experts were interviewed, and a draft copy
314 with a cover letter was emailed to obtain their comments about the
315 content validity. They gave comments to modify questions based
316 on the industry’s expectations. The selection criteria of pilot study
317 participants were mainly based on their expertise and years of ex-
318 perience related to the research subject. Each interviewee had more
319 than 30 years of experience in contracting and construction man-
320 agement. According to their advice, the questionnaire was slightly
321 modified to improve the quality by merging the same items from
322 different project stages, because the general conditions of the con-
323 tract cover the entire life cycle of a project. The pilot study ensured
324 that all questions were sufficiently defined without the possibility
325 of misunderstanding arising (Ye et al. 2015). The survey included
326 two lead questions as follows, with 37 causes of rework listed un-
327 der each question. Question 1 determined which causes create
328 claims and Question 2 established which causes have not been ad-
329 dressed in the general conditions of the standard from of contract in
330 New Zealand:
331 1. To what extent do you agree that the following rework root
332 causes lead to claims and other contractual issues?
333 2. To what extent do you agree that the conditions of contract
334 NZS 3910:2013 adequately address the following rework root
335 causes?

336 Conducting Survey

337 The finalized questionnaire was developed as an instrument for data
338 collection in two separate parts. The survey was started with gen-
339 eral questions to collect demographic information of participants
340 such as experience, project value, type of organization, and position.
341 Before moving to the next part of the survey, participants needed
342 to advise whether they are from the client or contractor side of the
343 contract. Then they were given the developed list from the literature
344 that contains 37 rework root causes. This part asks to what extent

345participants agree that rework causes lead to claims and other con-
346tractual issues. It explores the relationship between claims and re-
347work causes. Respondents were then asked to answer to what extent
348they agree that the contract conditions adequately addressed each of
349the causes listed in the questionnaire. A 5-point Likert scale was
350used to measure and quantify each cause’s importance. The ques-
351tionnaire was agreed to be used online, and the survey questions
352were placed on Qualtrics software and distributed electronically to
353draw the professionals’ views on the construction industry. The tar-
354get population for the main research was a combination of clients
355and contractors working on civil and infrastructure projects, certi-
356fied builders, architectural consultant firms, and other organizations
357that generally use the standard form of contract in their projects.
358A list of 173 firms was provided for the first round of ques-
359tionnaire distribution by checking the Infrastructure New Zealand
360and Association of Consulting and Engineering in New Zealand
361(ACENZ) authorities. The list comprised 133 architects and con-
362sultant firms and 40 civil and construction contractors. The ques-
363tionnaire link was emailed to the targeted firms with a cover letter
364explaining the research aims. All invited firms participating in the
365survey were asked to complete the questionnaire if they had expe-
366rience of contracting management. The invitation emails introduced
367the survey and requested participants to answer the survey question
368only if they have experience using the standard form NZS 3910 con-
369tract conditions. As a result, all respondents had enough understand-
370ing of the claims process under construction contracts. This point
371brings more validity and reliability to the collected data (Kisi et al.
3722020).
373Because the research process was completed later by conduct-
374ing an interview, it was necessary to analyze the primarily collected
375data for designing the interview questions. The Qualtrics soft-
376ware showed the completed survey with 46 participants through
3771.5 months, a response rate of about 26.58%. The achieved rate was
378suitable for starting the initial analysis on ranking rework causes to
379design the interview questions. According to Yap et al. (2017), a
380sample size between 30 and 500 is adequate for initial analysis in
381most conducted research. Therefore, the collected data from the
382completed questionnaire by 46 respondents were extracted to SPSS
383to perform the required analysis. A more detailed review of the
384completed survey revealed that only 34 responses were properly
385filled in with all the required questions. The remaining 12 responses
386with incomplete answers were considered invalid and discarded
387from the list. Fig. 2 illustrates the respondents’ distribution based
388on the type of organization and their response rate. The participants’
389cumulative response rate was about 20% based on 173 distributed
390and 34 submitted=returned questionnaires. This rate is close to the
391acceptable normal range for conducting research analysis in con-
392struction management (Hwang and Yang 2014; Hwang et al. 2016).
393Conducting research analysis on the basis of the same number of
394responses and less can also be seen in the literature (Banwo et al.
3952015; Oyewobi et al. 2016; Lessing et al. 2017). The responses
396comprised 21 on the client side of the contract and 13 on the con-
397tractor side, showing relatively sufficient coverage of both contract
398sides for an acceptable result.

399Data Analysis and Results

400This paper presents a statistical analysis using an RII to evaluate
401collected data and rank the causes of rework for both study’s ob-
402jectives. A 5-point Likert scale was used to measure the frequency
403of each rework cause and then provide the priority list of causes.
404According to Zaneldin (2020), collected data from a construction
405research survey using a Likert scale are frequently analyzed through
406the RII method. Therefore, the RII method was employed in this
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Table 1. Root causes of rework identified from the literature

T1:1 Group Rework root causes Covered by references
P

T1:2 Process
T1:3 1 Changes, modification, and revisions

in design/construction changes
Josephson et al. (2002), Love and Smith (2003), Robinson et al. (2004), Palaneeswarane et al.
(2005), Palaneeswaran (2006), Palaneeswaran et al. (2008), Love et al. (2009), Oyewobi and
Ogunsemi (2010), Love et al. (2010), Zhang et al. (2012), Aiyetan (2013), Hwang et al. (2014),
Ye et al. (2015), Miri and Khaksefidi (2015), Aiyetan and Das (2015), Mahamid (2016a), Shah
et al. (2016), Oyewobi et al. (2016), Wilson and Odesola (2017), Enshassi et al. (2017),
Ndwandwa et al. (2017), Eze et al. (2018a, b), Trach et al. (2019), Hwang et al. (2019), Liu
et al. (2020), Mahamid (2020)

27

T1:4 2 Incomplete design, any omission in
the design or construction process

Josephson et al. (2002), Love and Smith (2003), Robinson et al. (2004), Palaneeswarane et al.
(2005), Palaneeswaran (2006), Palaneeswaran et al. (2008), Love et al. (2009), Oyewobi and
Ogunsemi (2010), Love et al. (2010), Zhang et al. (2012), Aiyetan (2013), Palaneeswaran et al.
(2014), Ye et al. (2015), Ajayi and Oyeyipo (2015), Mahamid (2016a), Oyewobi et al. (2016),
Wilson and Odesola (2017), Enshassi et al. (2017), Ndwandwa et al. (2017), Ajayi (2017), Eze
et al. (2018a, b), Trach et al. (2019), Hwang et al. (2019), Mahamid (2020)

25

T1:5 3 Error in design, drawings, and
specifications/error in construction

Josephson et al. (2002), Love and Smith (2003), Robinson et al. (2004), Palaneeswarane et al.
(2005), Palaneeswaran (2006), Palaneeswaran et al. (2008), Love et al. (2009), Oyewobi and
Ogunsemi (2010), Love et al. (2010), Zhang et al. (2012), Aiyetan (2013), Palaneeswaran et al.
(2014), Ye et al. (2015), Miri and Khaksefidi (2015), Ajayi and Oyeyipo (2015), Aiyetan and
Das (2015), Mahamid (2016a), Oyewobi et al. (2016), Wilson and Odesola (2017), Enshassi
et al. (2017), Ndwandwa et al. (2017), Eze et al. (2018a, b), Trach et al. (2019), Hwang et al.
(2019), Mahamid (2020)

24

T1:6 4 Improper contractor and
subcontractor selection

Palaneeswarane et al. (2005), Palaneeswaran (2006), Palaneeswaran et al. (2008), Aiyetan
(2013), Palaneeswaran et al. (2014), Mahamid (2016a), Ahmed and Naik (2016), Oyewobi
et al. (2016), Ndwandwa et al. (2017), Mahamid (2020)

11

T1:7 5 Inadequate procurement methods/poor
contract execution

Oyewobi and Ogunsemi (2010), Aiyetan (2013), Ye et al. (2015), Oyewobi et al. (2016),
Wilson and Odesola (2017), Enshassi et al. (2017), Hwang et al. (2019)

7

T1:8 6 Lack of document control Robinson et al. (2004), Zhang et al. (2012), Forcada et al. (2014), Aiyetan and Das (2015),
Oyewobi et al. (2016), Wilson and Odesola (2017), Safapour et al. (2019)

7

T1:9 Human resources
T1:10 7 Insufficient skilled level manpower Love and Smith (2003), Robinson et al. (2004), Palaneeswaran (2006), Palaneeswaran et al.

(2008), Oyewobi and Ogunsemi (2010), Love et al. (2010), Zhang et al. (2012), Palaneeswaran
et al. (2014), Forcada et al. (2014), Miri and Khaksefidi (2015), Ajayi and Oyeyipo (2015),
Mahamid (2016a), Shah et al. (2016), Ahmed and Naik (2016), Oyewobi et al. (2016), Wilson
and Odesola (2017), Enshassi et al. (2017), Ndwandwa et al. (2017), Ajayi (2017), Yap et al.
(2017), Eze et al. (2018a, b), Trach et al. (2019), Safapour et al. (2019), Mahamid (2020)

25

T1:11 8 Lack of experience and personal
expertise in design and construction

Love and Smith (2003), Palaneeswaran (2006), Palaneeswaran et al. (2008), Love et al. (2009),
Oyewobi and Ogunsemi (2010), Love et al. (2010), Zhang et al. (2012), Aiyetan (2013),
Palaneeswaran et al. (2014), Forcada et al. (2014), Miri and Khaksefidi (2015), Ajayi and
Oyeyipo (2015), Aiyetan and Das (2015), Mahamid (2016), Ahmed and Naik (2016), Oyewobi
et al. (2016), Wilson and Odesola (2017), Ndwandwa et al. (2017), Ajayi (2017), Eze et al.
(2018a, b), Trach et al. (2019), Safapour et al. (2019)

23

T1:12 9 Poor knowledge of team member,
lack of education and training

Love and Smith (2003), Palaneeswaran (2006), Palaneeswaran et al. (2008), Love et al. (2009),
Oyewobi and Ogunsemi (2010), Love et al. (2010), Zhang et al. (2012), Palaneeswaran et al.
(2014), Forcada et al. (2014), Miri and Khaksefidi (2015), Ajayi and Oyeyipo (2015),
Mahamid (2016a), Shah et al. (2016), Ahmed and Naik (2016), Oyewobi et al. (2016), Wilson
and Odesola (2017), Enshassi et al. (2017), Ajayi (2017), Eze et al. (2018a, b), Trach et al.
(2019), Hwang et al. (2019), Safapour et al. (2019)

23

T1:13 10 Poor workmanship approach and
inappropriate personal attitude

Josephson et al. (2002), Palaneeswaran (2006), Palaneeswaran et al. (2008), Oyewobi and
Ogunsemi (2010), Zhang et al. (2012), Miri and Khaksefidi (2015), Ajayi and Oyeyipo (2015),
Aiyetan and Das (2015), Mahamid (2016), Shah et al. (2016), Enshassi et al. (2017), Ajayi
(2017), Eze et al. (2018a, b), Trach et al. (2019), Hwang et al. (2019), Mahamid (2020)

17

T1:14 11 Labor reallocation, alteration, and
staff turnover

Love and Smith (2003), Palaneeswarane et al. (2005), Palaneeswaran (2006), Palaneeswaran
et al. (2008), Love et al. (2009), Oyewobi and Ogunsemi (2010), Love et al. (2010),
Palaneeswaran et al. (2014), Miri and Khaksefidi (2015), Ajayi and Oyeyipo (2015), Mahamid
(2016), Oyewobi et al. (2016), Ajayi (2017), Eze et al. (2018a, b), Mahamid (2020), Salihu and
Babarinde (2020)

17

T1:15 12 Inadequate manpower to complete
the task

Love and Smith (2003), Palaneeswaran (2006), Palaneeswaran et al. (2008), Love et al. (2009),
Oyewobi and Ogunsemi (2010), Love et al. (2010), Palaneeswaran et al. (2014), Miri and
Khaksefidi (2015), Ajayi and Oyeyipo (2015), Ndwandwa et al. (2017), Ajayi (2017), Hwang
et al. (2019), Safapour et al. (2019)

13

T1:16 13 Lack of employee motivation and
rewards, carelessness

Oyewobi and Ogunsemi (2010), Zhang et al. (2012), Mahamid (2016), Shah et al. (2016),
Oyewobi et al. (2016), Enshassi et al. (2017), Safapour et al. (2019), Mahamid (2020)

8

T1:17 14 Absence of job security and other
safety rules

Oyewobi and Ogunsemi (2010), Shah et al. (2016), Oyewobi et al. (2016), Enshassi et al. (2017),
Safapour et al. (2019)

5

T1:18 15 Inadequate supervision staff Robinson et al. (2004), Love et al. (2010), Forcada et al. (2014), Mahamid (2016), Yap et al. (2017) 5
T1:19 16 Conflict of interest Aiyetan (2013), Shah et al. (2016), Enshassi et al. (2017), Hwang et al. (2019) 4
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Table 1. (Continued.)

T1:20 Group Rework root causes Covered by references
P

T1:21 Material and equipment
T1:22 17 Poor-quality material or substandard

products/prefabrication errors
Josephson et al. (2002), Love and Smith (2003), Palaneeswarane et al. (2005), Palaneeswaran
(2006), Palaneeswaran et al. (2008), Oyewobi and Ogunsemi (2010), Love et al. (2010),
Aiyetan (2013), Palaneeswaran et al. (2014), Ye et al. (2015), Miri and Khaksefidi (2015), Ajayi
and Oyeyipo (2015), Aiyetan and Das (2015), Mahamid (2016), Shah et al. (2016), Ndwandwa
et al. (2017), Ajayi (2017), Hwang et al. (2019), Safapour et al. (2019), Liu et al. (2020)

20

T1:23 18 Defective materials, nonadherence to
material specifications

Josephson et al. (2002), Robinson et al. (2004), Oyewobi and Ogunsemi (2010), Zhang et al.
(2012), Aiyetan (2013), Hwang et al. (2014), Forcada et al. (2014), Ye et al. (2015), Aiyetan
and Das (2015), Shah et al. (2016), Enshassi et al. (2017), Ndwandwa et al. (2017), Yap et al.
(2017), Hwang et al. (2019), Safapour et al. (2019)

15

T1:24 19 Inefficient equipment uses or altered
material

Josephson et al. (2002), Oyewobi and Ogunsemi (2010), Ye et al. (2015), Mahamid (2016),
Shah et al. (2016), Enshassi et al. (2017), Ndwandwa et al. (2017), Yap et al. (2017), Liu et al.
(2020), Mahamid (2020)

10

T1:25 20 Replacement or misplacement of
material and equipment

Josephson et al. (2002), Oyewobi and Ogunsemi (2010), Forcada et al. (2014), Ye et al.
(2015), Shah et al. (2016), Enshassi et al. (2017), Eze et al. (2018a, b), Trach et al. (2019),
Hwang et al. (2019)

10

T1:26 21 Untimely deliveries of material and
equipment

Josephson et al. (2002), Robinson et al. (2004), Oyewobi and Ogunsemi (2010), Zhang et al.
(2012), Shah et al. (2016), Enshassi et al. (2017), Ndwandwa et al. (2017)

7

T1:27 Technical
T1:28 22 Poor communication system for

coordinating between members
Josephson et al. (2002), Love and Smith (2003), Palaneeswaran (2006), Palaneeswaran et al.
(2008), Love et al. (2009), Oyewobi and Ogunsemi (2010), Love et al. (2010), Zhang et al.
(2012), Aiyetan (2013), Palaneeswaran et al. (2014), Forcada et al. (2014), Ye et al. (2015),
Miri and Khaksefidi (2015), Ajayi and Oyeyipo (2015), Aiyetan and Das (2015), Mahamid
(2016), Ahmed and Naik (2016), Oyewobi et al. (2016), Wilson and Odesola (2017), Enshassi
et al. (2017), Ndwandwa et al. (2017), Ajayi (2017), Yap et al. (2017), Eze et al. (2018a, b),
Trach et al. (2019), Hwang et al. (2019), Safapour et al. (2019), Liu et al. (2020), Mahamid
(2020), Salihu and Babarinde (2020)

31

T1:29 23 Ineffective use of quality management
practices/deviation due to poor
monitoring

Love and Smith (2003), Robinson et al. (2004), Palaneeswarane et al. (2005), Palaneeswaran
(2006), Palaneeswaran et al. (2008), Love et al. (2009), Oyewobi and Ogunsemi (2010), Love
et al. (2010), Zhang et al. (2012), Aiyetan (2013), Palaneeswaran et al. (2014), Forcada et al.
(2014), Ye et al. (2015), Miri and Khaksefidi (2015), Aiyetan and Das (2015), Mahamid
(2016a), Shah et al. (2016), Oyewobi et al. (2016), Wilson and Odesola (2017), Enshassi et al.
(2017), Ndwandwa et al. (2017), Yap et al. (2017), Eze et al. (2018a, b), Hwang et al. (2019),
Safapour et al. (2019), Liu et al. (2020), Salihu and Babarinde (2020)

28

T1:30 24 Inadequate planning and poor
scheduling of workload

Josephson et al. (2002), Love and Smith (2003), Robinson et al. (2004), Palaneeswarane et al.
(2005), Palaneeswaran (2006), Palaneeswaran et al. (2008), Love et al. (2009), Oyewobi and
Ogunsemi (2010), Love et al. (2010), Zhang et al. (2012), Aiyetan (2013), Palaneeswaran et al.
(2014), Forcada et al. (2014), Miri and Khaksefidi (2015), Ajayi and Oyeyipo (2015), Aiyetan
and Das (2015), Mahamid (2016a), Shah et al. (2016), Oyewobi et al. (2016), Wilson and
Odesola (2017), Enshassi et al. (2017), Ndwandwa et al. (2017), Ajayi (2017), Eze et al.
(2018a, b), Trach et al. (2019), Liu et al. (2020), Salihu and Babarinde (2020)

28

T1:31 25 Poor project documents, unclear
instructions, poor contract documents

Love and Smith (2003), Palaneeswarane et al. (2005), Palaneeswaran (2006), Palaneeswaran
et al. (2008), Love et al. (2009), Oyewobi and Ogunsemi (2010), Love et al. (2010), Zhang et
al. (2012), Aiyetan (2013), Palaneeswaran et al. (2014), Ye et al. (2015), Miri and Khaksefidi
(2015), Ajayi and Oyeyipo (2015), Aiyetan and Das (2015), Mahamid (2016a), Shah et al.
(2016), Oyewobi et al. (2016), Wilson and Odesola (2017), Enshassi et al. (2017), Ndwandwa
et al. (2017), Ajayi (2017), Yap et al. (2017), Eze et al. (2018a, b), Trach et al. (2019), Hwang
et al. (2019), Liu et al. (2020)

27

T1:32 26 Conflicting and incomplete
information

Josephson et al. (2002), Robinson et al. (2004), Palaneeswaran (2006), Palaneeswaran et al.
(2008), Oyewobi and Ogunsemi (2010), Love et al. (2010), Aiyetan (2013), Forcada et al.
(2014), Ye et al. (2015), Miri and Khaksefidi (2015), Ajayi and Oyeyipo (2015), Aiyetan and
Das (2015), Mahamid (2016a), Shah et al. (2016), Oyewobi et al. (2016), Wilson and Odesola
(2017), Enshassi et al. (2017), Ndwandwa et al. (2017), Ajayi (2017), Eze et al. (2018a, b),
Trach et al. (2019), Liu et al. (2020), Salihu and Babarinde (2020)

24

T1:33 27 Inefficient management process,
poor site management practice

Robinson et al. (2004), Oyewobi and Ogunsemi (2010), Zhang et al. (2012), Aiyetan (2013),
Palaneeswaran et al. (2014), Hwang et al. (2014), Forcada et al. (2014), Ye et al. (2015), Miri
and Khaksefidi (2015), Ajayi and Oyeyipo (2015), Aiyetan and Das (2015), Mahamid (2016),
Oyewobi et al. (2016), Enshassi et al. (2017), Ndwandwa et al. (2017), Ajayi (2017), Yap et al.
(2017), Eze et al. (2018a, b), Hwang et al. (2019), Safapour et al. (2019), Liu et al. (2020),
Mahamid (2020)

23

T1:34 28 Poor technology application and lack
of information technology use

Love and Smith (2003), Palaneeswarane et al. (2005), Palaneeswaran (2006), Palaneeswaran
et al. (2008), Love et al. (2009), Oyewobi and Ogunsemi (2010), Love et al. (2010), Aiyetan
(2013), Palaneeswaran et al. (2014), Ye et al. (2015), Miri and Khaksefidi (2015), Ajayi
and Oyeyipo (2015), Aiyetan and Das (2015), Wilson and Odesola (2017), Enshassi et al.
(2017), Ajayi (2017), Yap et al. (2017), Eze et al. (2018a, b), Trach et al. (2019), Salihu
and Babarinde (2020)

21
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407 paper to measure the importance of rework causes. The RII tech-
408 nique facilitates comparative analysis, depicts the most contributing
409 elements of management, and helps planners allocate resources bet-
410 ter (Alaghbari et al. 2018). This method determines the importance
411 level of each cause listed in the questionnaire and then ranks all
412 causes. The RII result identifies the most significant rework causes
413 that lead to contractual claims and gives the severity indication for

414each cause. The list of 37 identified rework root causes are the var-
415iables of this research that affect claim and other contractual issues
416in construction contracts. The ranked causes of rework then were
417transferred into a matrix through a combination of the relative im-
418portance index of each cause in relation to both objectives of the
419study. The matrix prioritizes rework causes at different levels of im-
420portance for further study.

F2:1 Fig. 2. Distribution of respondents and organizations.

Table 1. (Continued.)

T1:35 Group Rework root causes Covered by references
P

T1:36 General/external
T1:37 29 Financial issues such as lack of

funding, low contract or payment fee,
delay in payment, and cost pressure

Love and Smith (2003), Robinson et al. (2004), Palaneeswaran (2006), Palaneeswaran et al.
(2008), Love et al. (2009), Oyewobi and Ogunsemi (2010), Love et al. (2010), Aiyetan (2013),
Palaneeswaran et al. (2014), Hwang et al. (2014), Ye et al. (2015), Miri and Khaksefidi (2015),
Ajayi and Oyeyipo (2015), Aiyetan and Das (2015), Mahamid (2016a), Shah et al. (2016),
Ahmed and Naik (2016), Oyewobi et al. (2016), Enshassi et al. (2017), Ndwandwa et al.
(2017), Ajayi (2017), Eze et al. (2018a, b), Trach et al. (2019), Hwang et al. (2019), Safapour
et al. (2019), Liu et al. (2020)

27

T1:38 30 Time pressure, schedule acceleration
to finish the task, insufficient time to
prepare contract documentation

Love and Smith (2003), Robinson et al. (2004), Palaneeswaran (2006), Palaneeswaran et al.
(2008), Love et al. (2009), Oyewobi and Ogunsemi (2010), Love et al. (2010), Aiyetan (2013),
Palaneeswaran et al. (2014), Forcada et al. (2014), Ye et al. (2015), Miri and Khaksefidi (2015),
Ajayi and Oyeyipo (2015), Aiyetan and Das (2015), Mahamid (2016a), Shah et al. (2016),
Ahmed and Naik (2016), Oyewobi et al. (2016), Wilson and Odesola (2017), Enshassi
et al. (2017), Ndwandwa et al. (2017), Ajayi (2017), Yap et al. (2017), Eze et al. (2018a, b),
Trach et al. (2019), Salihu and Babarinde (2020)

27

T1:39 31 Damage/defects/deviations in the
product due to poor handling and
safety

Love and Smith (2003), Palaneeswarane et al. (2005), Palaneeswaran (2006), Palaneeswaran
et al. (2008), Love et al. (2009), Oyewobi and Ogunsemi (2010), Love et al. (2010), Aiyetan
(2013), Palaneeswaran et al. (2014), Ye et al. (2015), Miri and Khaksefidi (2015), Ajayi
and Oyeyipo (2015), Aiyetan and Das (2015), Mahamid (2016), Oyewobi et al. (2016), Ajayi
(2017), Eze et al. (2018a, b), Hwang et al. (2019), Mahamid (2020)

20

T1:40 32 Environmental conditions, poor site
conditions

Palaneeswaran (2006), Palaneeswaran et al. (2008), Oyewobi and Ogunsemi (2010), Ye et al.
(2015), Ajayi and Oyeyipo (2015), Mahamid (2016a), Shah et al. (2016), Oyewobi et al. (2016),
Enshassi et al. (2017), Ajayi (2017), Yap et al. (2017), Eze et al. (2018a, b), Hwang et al. (2019),
Safapour et al. (2019), Liu et al. (2020), Mahamid (2020)

17

T1:41 33 Lack of client involvement Love and Smith (2003), Palaneeswaran (2006), Palaneeswaran et al. (2008), Love et al. (2009),
Oyewobi and Ogunsemi (2010), Love et al. (2010), Aiyetan (2013), Palaneeswaran et al.
(2014), Miri and Khaksefidi (2015), Ajayi and Oyeyipo (2015), Mahamid (2016), Ahmed and
Naik (2016), Ndwandwa et al. (2017), Ajayi (2017), Eze et al. (2018a, b), Trach et al. (2019)

17

T1:42 34 Lack of constructability Robinson et al. (2004), Palaneeswaran (2006), Palaneeswaran et al. (2008), Ye et al. (2015),
Ajayi and Oyeyipo (2015), Shah et al. (2016), Wilson and Odesola (2017), Enshassi et al.
(2017), Ajayi (2017), Eze et al. (2018a, b), Hwang et al. (2019)

12

T1:43 35 Governmental regulations/changes
and policies

Ye et al. (2015), Shah et al. (2016), Enshassi et al. (2017), Hwang et al. (2019) 4

T1:44 36 Unclear line of authority Shah et al. (2016), Enshassi et al. (2017) 2
T1:45 37 Unpredictable factors from different

sources
Oyewobi and Ogunsemi (2010), Ye et al. (2015) 2
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421 Results of the Systematic Literature Review

422 To identify the cause of rework, 35 articles out of the initial 140
423 documents were relevant to the research scope. Content analysis of
424 the relevant papers resulted in the identifying rework causes as listed
425 in Table 1, which are classified into five groups as the most common
426 rework causes. Table 1 also shows the total number of citations
427 within the reviewed papers in this study’s scope. These causes can
428 result from either the nature of construction or the other imposed
429 determinants such as human attributes, procurement approaches, ex-
430 ternal factors, and supporting activities. In line with the previous
431 research studies on the classification of rework causes, the 37 iden-
432 tified items are clustered into the generic sources for interpretation
433 and further discussion concerning the contract. Some of the causes
434 are process based and ignoring them stops the progression of work.
435 This group included the causes of rework that mostly occur during
436 the project’s main activities (Zhang et al. 2012). Changes, errors,
437 omissions, and incomplete or faulty processes can be categorized
438 under process-related factors. Knowledge, skills, experiences, mo-
439 tivations, and other similar characteristics are human attributes and
440 can be clustered in one group of causes. Some causes are related to
441 the provided material or used equipment directly affecting the con-
442 struction project’s outcomes. The causes linked to supplying the re-
443 quired material and equipment for the project are categorized under
444 material/equipment-related factors (Robinson et al. 2004). Other
445 causes are related to the activities that provide support services to
446 the main process, such as quality control for monitoring, employing
447 technology, communication means, planning, and scheduling for
448 controlling projects. All these causes are clustered under technical-
449 related factors (Oyewobi and Ogunsemi 2010). The last group of
450 causes consisting of nine items is generally linked to the external
451 sources and are listed in no particular order.

452 Analysis and Survey Result

453 The detailed demographics of respondents are given in Table 2.
454 As summarized in Table 2, demographic data analysis revealed that
455 the consultants’ companies contributed the most to the survey with
456 the frequency of 19 out of 34 responses, equal to 55.88%. About
457 61.76% of the participants were from the client side, and the re-
458 maining 38.23% filled their survey questions from the contractor

459side. Therefore, the importance index of rework causes comprises
460enough responses from both sides of the contract. In terms of the
461role of participants, the highest percentage is project directors with
46232%. The respondents’ other positions that show 23% include two
463CEOs, three project advisors, one regional manager, one contract
464engineer, and one building surveyor. Most respondents had more
465than 25 years of experience in the construction field, with a rate of
46658.82%. This rate verifies that the analysis result is authentic based
467on the given information from an experienced sample. Regarding
468the years of experience in contracting management, all participants
469were from the construction sector, and the highest percentage be-
470longed to the group having more than 10 years’ experience, at 76%,
471compared to the other groups. The high percentage of this group
472with more than 10 years of experience in contracting management
473strengthens the collected data’s reliability and results.

474Internal Reliability of the Questionnaire

475The T-test technique was used to ensure that the sample size, in-
476cluding two categories of 21 clients and 13 contractors, is adequate
477to deliver a trustworthy finding. This test is used to find discrep-
478ancies between different groups of respondents in answering the
479questions. The results confirmed that the p-values of only three
480causes out of 37 regarding Objective 1 were less than 0.05 as can
481be seen in Table 3. In other words, there are no significant differ-
482ences between the two groups of client and contractor for the ma-
483jority of variables, and consequently, the result of the initial analysis
484is meaningful due to minimal inconsistencies (Lee et al. 2020). The
485SPSS result also showed a p-value for all 37 causes in Objective 2 is
486more than 0.05. Thus, the initial analysis result is satisfactory for
487conducting the next research step.
488The validity of the responses was also verified through a reliabil-
489ity test. Before data analysis, the reliability of the questions needs to
490be examined. For this purpose, the internal consistency of the var-
491iables among two different respondent groups, client and contractor,
492was measured using the Cronbach alpha test. Because a Likert scale
493was used to measure the study variables, the questionnaire’s reli-
494ability can be checked through the Cronbach alpha test. The result
495of this test with the figure greater than 0.7 shows higher internal
496consistency based on the participants’ responses and proves the reli-
497ability of the questions (Gamil and Rahman 2020; Gunduz and
498Elsherbeny 2020). The Cronbach alpha test results among all 37
499rework causes were in a range of 0.949 to 0.953 in Objective 1
500and equal to 0.968 in Objective 2. This result proves the reliability
501of the questions. Thus, the data’s internal consistency received high
502appraisal, and the collected data were reliable for performing further
503analysis. IBM SPSS version 26 software was used for all analysis in
504this paper.
505The relative importance index of each rework cause is presented
506in Table 4 and the result of implementing RII for each group of
507factors is presented in Table 5. It shows that process-related factors

Table 2. Demographic characteristics of respondents

T2:1 Profile Classification Frequency Percent

T2:2 Organizational type Client 2 5.88
T2:3 Consultant 19 55.88
T2:4 Contractor 11 32.35
T2:5 Subcontractor 2 5.88

T2:6 Role of participants Project director 11 32.35
T2:7 Project manager 6 17.64
T2:8 Contract manager 1 2.94
T2:9 Commercial manager 3 8.82

T2:10 Quantity surveyor 5 14.70
T2:11 Others 8 23.52

T2:12 Years of experience Less than 5 years 0 0
T2:13 6–10 years 5 14.70
T2:14 11–15 years 2 5.88
T2:15 16–20 years 3 8.82
T2:16 21–25 years 4 11.76
T2:17 Over 25 years 20 58.82

T2:18 Contract side Client 21 61.76
T2:19 Contractor 13 38.23

Table 3. Result of T-test for the causes of rework

T3:1Rework cause variable Group N Mean
p-value

(significance)

T3:2Inadequate supervision staff Client side 21 3.76 0.003
T3:3Contractor side 13 4.00 —
T3:4Insufficient skilled level

manpower
Client side 21 3.62 0.011

T3:5Contractor side 13 4.31 —
T3:6Time pressure, schedule

acceleration to finish the task,
insufficient time to prepare
contract documentation

Client side 21 3.90 0.006
T3:7Contractor side 13 3.54 —
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508 are generating contractual claims more than the other groups of
509 factors, followed by technical-related factors and human resources
510 factors. Therefore, these three groups have greater priority for fur-
511 ther investigation because they result in higher numbers of claims
512 in projects. In terms of being addressed by contract conditions, the

513group factors of material and equipment stand higher than the other
514groups, meaning that the conditions of contract have adequately ad-
515dressed the causes of rework under this category and more inves-
516tigation may not be required. The group of human resources–related
517factors with lower RII has more priority for further investigation
518because they seemed to be less addressed in the conditions of the
519contract. Table 4 lists the relative importance index for each of the
520causes of rework to meet the study’s objectives. The result showed
521that the rework leads to contractual claims under various situations.
522The causes of rework illustrate the causal relationship between re-
523work and claims. The other side of the result showed that contract
524conditions do not adequately address the causes of rework, making
525the assessment of claims even more difficult. When the contract con-
526ditions do not provide enough legal evidence for processing claims,
527they are more likely to lead to conflict and disputes. Based on this
528result, further investigation on contract conditions is required.

Table 5. Relative importance index of rework group factors

T5:1 Rework factor

Objective 1 Objective 2

T5:2 RII Rank RII Rank

T5:3 Process-related factors 0.797 1 0.620 2
T5:4 Human resources–related factors 0.672 3 0.524 4
T5:5 Material and equipment-related factors 0.658 4 0.622 1
T5:6 Technical-related factors 0.741 2 0.583 3
T5:7 General/external factors 0.658 4 0.620 2

Table 4. Relative importance index of rework root causes for objectives of the study on general conditions of NZS 3910

T4:1 Group Rework root cause

Objective 1 Objective 2

T4:2RII A B RII A B

T4:3 Process-related factors
T4:4 P1 Changes, modification, and revisions in design/construction changes 0.841 3 4 0.747 1 1
T4:5 P2 Error in design, drawings, and specifications/error in construction 0.923 1 1 0.652 3 5
T4:6 P3 Incomplete design, any omission in the design or construction process 0.894 2 2 0.658 2 4
T4:7 P4 Inadequate procurement methods/poor contract execution 0.7 6 15 0.552 5 17
T4:8 P5 Improper contractor and subcontractor selection 0.705 5 14 0.529 6 20
T4:9 P6 Lack of document control 0.717 4 12 0.582 4 13

T4:10 Human resources–related factors
T4:11 H1 Lack of experience and personal expertise in design and construction 0.77 1 6 0.511 6 23
T4:12 H2 Inadequate supervision staff 0.764 2 7 0.517 5 22
T4:13 H3 Inadequate manpower to complete the task 0.729 4 11 0.541 2 19
T4:14 H4 Insufficient skilled level manpower 0.77 1 6 0.511 6 23
T4:15 H5 Poor knowledge of team member, lack of education and training 0.741 3 9 0.517 5 22
T4:16 H6 Lack of employee motivation and rewards, carelessness 0.647 6 20 0.523 4 21
T4:17 H7 Poor workmanship approach and inappropriate personal attitude 0.711 5 13 0.517 5 22
T4:18 H8 Absence of job security and other safety rules 0.482 9 29 0.511 6 23
T4:19 H9 Labor reallocation, alteration, and staff turnover 0.6 7 25 0.529 3 20
T4:20 H10 Conflict of interests 0.505 8 28 0.558 1 16
T4:21 Material and equipment-related factors
T4:22 M1 Defective materials, nonadherence to material specifications 0.735 1 10 0.688 1 2
T4:23 M2 Poor-quality material or substandard products/prefabrication errors 0.717 2 12 0.670 2 3
T4:24 M3 Replacement or misplacement of material and equipment 0.623 3 22 0.611 3 11
T4:25 M4 Inefficient equipment use or altered material 0.611 4 23 0.582 4 13
T4:26 M5 Untimely deliveries of material and equipment 0.605 5 24 0.558 5 16
T4:27 Technical-related factors
T4:28 T1 Ineffective use of quality management practices/deviation due to poor monitoring 0.752 3 8 0.623 3 9
T4:29 T2 Poor technology application and lack of information technology use 0.6 6 25 0.523 6 21
T4:30 T3 Poor communication system for coordinating between members 0.688 5 16 0.517 7 22
T4:31 T4 Inefficient management process, poor site management practice 0.729 4 11 0.547 5 18
T4:32 T5 Poor project documents, unclear instructions, poor contract documents 0.817 2 5 0.635 2 7
T4:33 T6 Conflicting and incomplete information 0.847 1 3 0.670 1 3
T4:34 T7 Inadequate planning and poor scheduling of workload 0.752 3 8 0.564 4 15
T4:35 General/external factors
T4:36 G1 Financial issues such as lack of funding, low contract or payment fee,

delay in payment and cost pressure
0.670 3 18 0.576 6 14

T4:37 G2 Lack of client involvement 0.635 5 21 0.558 7 16
T4:38 G3 Unclear line of authority 0.594 6 26 0.670 1 3
T4:39 G4 Time pressure, schedule acceleration to finish the task, insufficient time to

prepare contract documentation
0.752 1 8 0.594 5 12

T4:40 G5 Lack of constructability 0.752 1 8 0.541 8 19
T4:41 G6 Damage/defects/deviations in the product due to poor handling and safety

considerations
0.682 2 17 0.594 5 12

T4:42 G7 Governmental regulations/changes and policies 0.535 7 27 0.641 2 6
T4:43 G8 Environmental conditions, poor site condition 0.652 4 19 0.629 3 8
T4:44 G9 Unpredictable factors from different sources 0.652 4 19 0.617 4 10

Note: A shows ranking of causes under each group and B shows ranking of causes among all groups.
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529 A combination of these two importance indexes would facilitate
530 further discussion on the causes of rework in relation to the con-
531 tractual claims and contract conditions. The listed causes of rework
532 in Table 4 can take two indicators from each objective of the study
533 and make a matrix with two dimensions. Fig. 3 shows the matrix
534 that has been made by RII of the study’s objectives. Each objec-
535 tive’s RII is divided into five equal parts from top to bottom to show
536 the importance level of causes according to the industry’s feedback
537 (Kassem et al. 2020). The level of importance is indicated by very
538 important, important, moderate, less important, much less impor-
539 tant. The assessment is based on the matrix scale of the RII value,
540 where the lowest and highest are 0.482 to 0.923 for Objective 1,
541 and 0.747 to 0.511 for Objective 2 (Husin et al. 2019). The matrix
542 then shows seven different areas that have been colored for iden-
543 tifying the priority of combinations between importance indexes
544 (Luo et al. 2018). Area (VII) that encompasses very high RII in
545 both objectives has the highest priority for further investigation,
546 followed by the areas (VI) and (V). The other areas including
547 (IV), (III), (II), and (I) consist of rework causes that have moderate
548 or lower RII on both sides of the matrix and therefore have less
549 priority for further investigations. A two-dimensional matrix was
550 then used for covering the result and placing each rework cause
551 distributed in the defined zones (Kassem et al. 2019). The result
552 of this combination is presented in Fig. 3.
553 Table 6 lists the criteria and boundaries for dividing the range of
554 RII in both objectives of the study. Data analysis on Objective 2
555 showed a range of 0.511 to 0.747 as the relative importance index
556 of each evaluated cause. A higher score shows that respondents are
557 more likely to agree that the condition of the contract adequately
558 addresses the root causes of rework, and a lower score means the
559 causes of rework have not been addressed adequately in the contract
560 conditions. Therefore, the lowest RII in Objective 2 has the highest
561 probability of leading to conflict or dispute because no reference has
562 been placed in the contract conditions. Since the provided list of
563 causes in the survey was not against or aligned with contract parties’

564interests, it is worth mentioning that the RII result is most likely
565unbiased; however, the number of participants from the client side
566was higher than from the contractor side.

567Discussion

568Main Source of Claim under Rework Circumstances

569Rework shares a variety of common causes with claims and can be
570used as a trigger for claim management. Lack of claim management
571triggers dispute situations that usually lead to a deterioration in the
572quality of the party’s relationship. Contract parties use the identi-
573fied sources of the claim as evidence for reasoning based on the
574contract provisions. Nonetheless, identification of the sources of
575a claim needs to be performed before proposing a solution. Differ-
576ent singular or multiple causes may originate claims and it is criti-
577cal to understand which combination of causes has made a claim
578(Jelodar et al. 2016). The relevant importance index of each cause
579listed under Objective 1 ranks them in terms of their influence in
580generating contractual claims. Therefore, a higher RII shows more
581probability of generating a claim from that particular source. The
582following section first discusses the most influential causes of re-
583work under five categories and then provides a priority list of top
584causes for future investigations.
585Among the six causes under the group of process-related factors,
586error in design and construction stands as the first rank of causes that
587highly trigger the generation of claims. Review of the completed
588design to identify design errors by an expert team has been sug-
589gested to be included in standard contract agreements (Mendis et al.
5902015). Design error has been also ranked at the top of claim, dispute,
591and conflict causes in previous studies (Kisi et al. 2020; Saseendran
592et al. 2020), while Zaneldin (2020) ranked this cause at ninth of 45
593reviewed items in the UAE. A large proportion of construction er-
594rors are raised due to mistakes in contract documentation (Dosumu
5952018) and this cause has been ranked second in the study of dis-
596pute causes in Sri Lanka (Illankoon et al. 2019). The RII of the
59710 rework causes under the human resources group showed that lack
598of experienced staff and insufficient skilled level manpower highly
599generate claims. A study in Egypt also ranked interpersonal skills
600and construction law experience together in the second level of
601factors causing construction claims (Mohamed et al. 2014). With
602a relative importance index of 0.735, defective materials are ranked
603as the highest cause compared with the other four causes under the
604group of material/equipment-related factors. Failure to disclose
605the used material specification by a contractor was among 13 se-
606vere factors influencing construction contract disputes in Nigeria
607(Aiyewalehinmi and Nkumah 2019).

F3:1 Fig. 3. Matrix of relative importance index of rework causes.

Table 6. Ranking criterion for dividing relative importance index into five
levels

T6:1 Scale
Level of

importance

Objective 1 Objective 2

LevelT6:2 Range of RII Range of RII

T6:3 0 ≤ x ≤ 20% Very high 0.923–0.835 0.511–0.558 1
T6:4 20% < x ≤ 40% High 0.834–0.747 0.559–0.605 2
T6:5 40% < x ≤ 60% Moderate 0.746–0.658 0.606–0.652 3
T6:6 60% < x ≤ 80% Low 0.657–0.570 0.653–0.700 4
T6:7 80% < x ≤ 100% Very low 0.569–0.482 0.701–0.747 5
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608 The technical-related factor that comprises seven different
609 causes revealed that conflicting and incomplete information can
610 be the most influential causes in generating a contractual claim.
611 According to Ekhator (2016), a lack of information and conflicting
612 data leads to misunderstanding, and Enshassi et al. (2009) stated
613 that design errors arise from conflicting information; both end with
614 claims. It has also been ascertained that rework is managed well
615 when information is adequate with no conflictions (Oyewobi and
616 Ogunsemi 2010). In the last group of causes, which have been clus-
617 tered under the name of general/external-related factors, two under-
618 lying causes—lack of constructability and time pressures—stand at
619 the top of the list between nine causes. In the list of conflict causes
620 presented by Gajaman et al. (2019), a reluctance to check for con-
621 structability is categorized under consultant-related factors. On the
622 other side, time pressure is a common practice for the construction
623 industry; however, it is almost always underestimated by construc-
624 tion practitioners (Palaneeswaran et al. 2007). In the study done in
625 Nigeria (Aiyetan 2013) time pressure ranked sixth under design-
626 related factors related to the causes of rework. In addition, time
627 pressure is one of the variables of organizational culture that influ-
628 ence rework occurrence (Oyewobi et al. 2016).

629 Contract Conditions in a Claim Incident from Rework

630 The relevant importance index of each cause listed under Objective
631 2 ranks them in terms of being addressed adequately within NZS
632 3910 contract conditions. The higher RII of each cause shows more
633 contract conditions coverage that makes for a lower priority for fur-
634 ther investigation. Therefore, items with lower relative importance
635 indexes would have more priority for further investigation. The
636 lower rate of RII means that specific rework causes have not been
637 addressed adequately within the contract conditions, and it requires
638 more study to find a solution or provide recommendations for im-
639 proving relevant clauses of the contract. The initial results of this
640 paper will be used for discussion on the clauses that can be linked to
641 rework. Therefore, the next step of the study provides insight into
642 contract conditions by conducting interviews with legal professio-
643 nals and construction practitioners to understand how rework can
644 be addressed in the contract to avoid conflicts.
645 Under the group of process-related factors, changes in design
646 and construction (RII = 0.747) are ranked highest in terms of being
647 addressed in the contract conditions. Change also ranked the high-
648 est among all investigated causes. Therefore, it is known as one
649 of the causes that have been covered enough under the exam-
650 ined contract conditions. In the study of claim causes and types in
651 India, eight types of claim were introduced, in which change claim
652 was ranked at the third level after extra work and delay claims
653 (Al-Qershi and Kishore 2017). Change claims also have been iden-
654 tified as the most common type of claim in construction projects
655 (Atanda and Fabi 2015; Hansen 2016; Zaneldin 2020). In contrast,
656 improper contractor and subcontractor selection with an RII of
657 0.529 ranked as the lowest cause. In other words, the condition of
658 contract has, relatively speaking, addressed this cause less than other
659 causes categorized under this group. Although selection of contrac-
660 tor and subcontractor has been studied adequately under rework cir-
661 cumstances, it seems to have received very limited studies under
662 claim situations. A research study for reducing construction disputes
663 through effective claim management ranked improper contractor se-
664 lection at eighth among 31 identified factors causing construction
665 claims (Mohamed et al. 2014).
666 Under human resources–related factors, conflicts of interest
667 with a relative importance index of 0.558 are ranked the highest
668 for referencing in contract conditions. Conflicts of interest as a root
669 cause of rework may not be required to be assessed under claim

670events because most of the contract conditions cover it in their
671clauses (Raj et al. 2009). In contrast, lack of experience, insufficient
672skilled manpower, plus the absence of job security ranked the low-
673est among all causes, which means that the contract conditions have
674not covered these root causes of rework adequately compared to
675the others. Most probably, incorporating these items in the con-
676tract provisions is very difficult (Jelodar et al. 2016). Two causes—
677experienced staff and skilled manpower—are seen in the list of
678most significant dispute causes in construction projects (Illankoon
679et al. 2019) but the absence of job security has not been evaluated
680under claim causes yet. Defective material, one of the main trig-
681gers of the claims under the material/equipment group, has been
682addressed adequately in the contract conditions with the high RII
683of 0.688. Previous studies also claimed that defective material ac-
684counted for 20% of nonconformance cost of projects (Josephson
685et al. 2002; Oyewobi and Ogunsemi 2010). Conversely, untimely
686deliveries of material and equipment with an RII of 0.558 ranked as
687the lowest; therefore, it has priority for more investigation through
688the contract conditions. Late supply of material by client makes the
689contractor eligible for an extension of time claim (El-adaway et al.
6902020). Late material delivery is very dependent on the terms and
691conditions of the contract when categorized under a construction
692change order (Hansen et al. 2020).
693Under the technical-related factor group of causes, the highest
694and lowest identified causes are conflicting and incomplete infor-
695mation and poor communication system for coordinating between
696members with RIIs of 0.670 and 0.517, in which the lowest one
697needs more investigation within the contract conditions. Poor in-
698formation generates project uncertainties (Eze et al. 2018a) and un-
699certainty has been identified as the third most common causes of
700claim (Jelodar et al. 2016). Previous studies also stressed that poor
701communication among project parties may lead to claims and con-
702flict (Mahamid 2016a). Poor communication has also been identi-
703fied as a critical item in rework occurrences by a number of studies
704(Eze et al. 2018a; Ye et al. 2015). The cause with RII of 0.670,
705namely, the unclear line of authority, is ranked as the first item, and
706lack of constructability with the relevant importance index of 0.541
707is ranked as the last cause under the group of general/external causes
708that has more priority for exploring the contract conditions. The line
709of authority generally lies with the role of the engineer in most stan-
710dard forms of contract worldwide in which clauses of the contract
711clearly make reference to them (El-adaway et al. 2016). Lack of
712constructability was not listed under causes of claim in the study
713done by Zaneldin (2020) but implementing constructability during
714various stages of a project is one of the author’s suggested solutions
715for preventing claims.
716The priority list of rework causes for further investigation as the
717main contribution of this paper is presented in Table 7. This list
718narrows down only to the causes that need to be focused on for the
719next research steps through interviews. The priority list was ex-
720tracted based on the importance areas of the matrix and clustered
721causes with the same level of importance in three clusters.

722Conclusion

723This paper aims to provide basic information for further studying the
724relationship between rework and claims by investigating rework
725causes in construction contracts. Various practical works and theo-
726ries were employed to reduce or manage claims through the years,
727but a general agreement has yet to be reached on the relationship
728between the causes of rework and contractual claims. The paper ex-
729plores whether the general conditions of contract address the iden-
730tified causes of rework from the literature or not. A foundation for
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731 this study was established by conducting a comprehensive literature
732 review to identify the causes of rework in the first instance. Over the
733 past 30 years, considerable literature has been directed to research
734 rework issues in construction projects. Adequate sample cases using
735 various strategies have been reported for reducing or preventing the
736 impacts of rework globally. Content analysis of the papers revealed
737 that a large proportion of rework studies have focused on rework
738 root causes, explaining that a great effort has been made to under-
739 stand the nature of rework. The comprehensive literature review
740 identified 37 root causes of rework, classified into five distinct
741 groups for further investigation. Based on the classified causes of
742 rework, a survey questionnaire was designed and distributed to the
743 industry to examine the relationship between identified rework
744 causes and contractual claims, and to explore the adequacy of the
745 general conditions of contract in addressing rework. The identifi-
746 cation of rework causes that affect contractual claims can assist in
747 reducing construction disputes.
748 The ultimate goal of the survey was to find the most important
749 causes of rework that have not been addressed in the contract con-
750 ditions. For this purpose, after collecting an adequate number of
751 responses on the survey, the initial analysis using the method of RII
752 was performed to prioritize the most significant causes of rework.
753 The performed analysis ranked rework causes in terms of not being
754 addressed by the contract conditions of the most commonly used
755 standard form in New Zealand, NZS 3910. This initial result
756 showed that the general conditions of NZS 3910 do not address the
757 causes of rework adequately. As such, this exploratory study needs
758 more empirical investigations with construction professionals to
759 improve contract conditions. Further investigation into the clauses
760 of the contract could be developed on the basis of feedback from
761 the industry for addressing rework in contract conditions. A devel-
762 oped framework could enable contractual parties to manage their

763aspects during the handling of claims as a result of rework. Thus,
764the concluded result from the initial analysis of this paper will be
765used for the interview questions to find the solutions for improving
766contract conditions during rework circumstances.
767The result of this paper is limited to the contract conditions con-
768tained in NZS 3910 and cannot be extended to other standard forms
769of contract. Also, the study may be limited by the higher number of
770responses from the client side compared to the contractor side. This
771may have the effect of skewing the results toward client perspec-
772tives. Future investigations could ensure a balanced proportion of
773study participants, if indeed this had any effect on study findings.
774Finally, the small sample size in the current study confines the gen-
775eralization of the findings, but the study’s contribution provided
776evidence that some causes of rework can quickly trigger the oc-
777currence of a claim. Therefore, empirical testing with a larger sam-
778ple accompanied with validation interviews could address these
779limitations.

780Data Availability Statement

781All data, models, and code generated or used during the study
782appear in the published article.
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