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Abstract. Change orders are a major challenge in the construction industry due to the associated time and cost impacts. 
Thus, managing change effectively assists in alleviating cost overruns and delays. Avoiding change orders and control-
ling them during project phases requires comprehensive research on the factors affecting the change orders management 
(COM) performance. This study contributes to existing knowledge by introducing a COM performance measurement 
framework to help construction professionals evaluate, track, and manage COM performance. A comprehensive literature 
review, personal meetings, and the Delphi technique are utilized to identify 49 performance factors, categorized into 7 
COM groups. 13 Delphi panel members are selected according to purposive sampling technique. The collected data are 
examined through normality and reliability tests and then analyzed by Spearman’s correlation coefficient, score percentage, 
and the mean to standard deviation ratio to decide whether to continue with the Delphi method. Consensus between the 
panelists is reached after the second round of Delphi by the utilization of nonparametric statistical tests. The Delphi study 
results are followed up by measuring the inter-rater agreement (IRA) and ranking the COM performance factors using the 
sum rank weighting method. Finally, an operational support system framework that takes into consideration the project life 
cycle of a project is developed to manage and control these factors to decrease disputes between project parties that occur 
due to improper COM performance.

Keywords: change orders management, Delphi study, construction project management, project success factors, change 
order risk assessment, planning, project sustainability, key performance indicators, cost overrun, time overrun, risk man-
agement.

Introduction 

Construction projects are very complex in nature. Each 
activity involves multiple varying tasks. However, con-
struction industry is the main source of economic growth 
in every country. When change order occur, performance 
of projects momentously affected. Al-Kofahi et al. (2020) 
define change order as “modifications or alterations to 
pre-existing conditions, assumptions, or requirements”. 
Change orders (also known as variation orders) are com-
mon in construction (Shrestha & Fathi, 2019; Kerman-
shachi et al., 2018; Shrestha & Maharjan, 2018; Marzuki 
et al., 2019; Du et al., 2016; Al-Kofahi et al., 2020; Alleman 
et al., 2020; Khanzadi et al., 2018). Change order is inevi-
table aspect of construction industry and also one of the 
important factors in the failure of projects (Keane et al., 
2010; Kermanshachi et al., 2020). Though the construction 
change order processes control the implementation of con-
tracting parties’ contractual commitments, disagreements 

and conflicts appear inevitable and increased due to poor 
management of change order. There are many reasons for 
change orders, including conflicts among construction 
parties; omissions, errors, or discrepancies in the contract 
documents; unforeseen geological conditions; unforeseen 
weather conditions; and mandatory changes due to statu-
tory regulations (Kim et al., 2020; Shrestha & Maharjan, 
2018). Change orders generally have a negative impact on 
project performance. Past studies have identified change 
orders as a major source of cost and time overruns, dis-
putes, low productivity, reworks, and claims in construc-
tion projects (K. Shrestha & P. Shrestha, 2019; Gunduz 
& Tehemar, 2020; Gündüz et  al., 2013; Msallam et  al., 
2015; Safapour & Kermanshachi, 2018; Moselhi et  al., 
2005; Shrestha & Zeleke, 2018; Safapour & Kermansha-
chi, 2018; Gunduz & Khan, 2018; Gunduz & Mohammad, 
2020). Therefore, poor change order management (COM) 
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remains the major cause for disputes, problems, and seri-
ous challenges on construction projects (Love et al., 2020), 
and an effective COM is getting increasing attention in 
the construction industry (Arcadis, 2019; Ibrahim et al., 
2020b).

Many construction projects suffer change order man-
agement concerns, according to the literature, and over-
coming such problems and obstacles without competent 
management and assistance is extremely difficult. Simi-
larly, the present methods and frameworks for evaluating 
COM performance in the literature have certain flaws (K. 
Shrestha & P. Shrestha, 2019). The lack of research into a 
COM support system as well as thorough enhancement 
aspects are among these concerns (Gunduz & Elsherbeny, 
2020). As a result, developing a support system to im-
prove the implementation of COM requires an inclusive 
and thorough understanding of the performance of COM 
activities and practices. Support system is a set of inter-
active activities that are necessary and designed to assist 
decision makers in the construction sector in completing 
procedures, programs, or projects successfully (Serpell 
et al., 2017). To detect and solve issues and make choices, 
a support system model is a compilation of valuable and 
effective performance elements derived from a mix of raw 
data, documents, human expertise, and business models 
(Hwang et al., 2018). 

Many studies have investigated to develop a perfor-
mance factors for many aspects in construction industry 
(Gunduz et al., 2015; Gunduz & Mohammad, 2020; Gun-
duz & Elsherbeny, 2020; Gunduz & Tehemar, 2020). In 
general, performance success can be defined as meeting 
the stakeholders’ expectations and accomplishing the in-
tended goal (Ingle & Mahesh, 2020; Ingle et  al., 2021). 
The definition of critical success factors was introduced 
in a perspective of project management as a support sys-
tem by Rockart (1980). As stated by Rockart (1980) the 
Critical performance areas are the factors which require 
to be controlled and monitored by project management 
team in order to support and enhance the project suc-
cess. Furthermore, the success performance factors are 
the performance support system areas in which conse-
quences should be satisfactory to achieve the project ob-
jectives. Management of performance factors is measured 
in terms of project success as recommended by several 
literature sources in construction management (Ingle & 
Mahesh, 2020; Ingle et  al., 2021; Gunduz & Elsherbeny, 
2020; Gunduz & Tehemar, 2020; Ullah et al., 2020). Some 
COM performance factors are common to list, which are 
relevant to cost and schedule impacts, but there is no com-
mon consensus on the factors that can be considered as a 
support system to evaluate the success of COM construc-
tion project industry. The construction industry is con-
centrating more on effective management of change order 
(Hanna & Iskandar, 2017; Arcadis, 2019; K. Shrestha & 
P. Shrestha, 2019; Ibrahim et  al., 2020b) and it is obvi-
ous that construction companies need a rigorous support 
system approach to evaluating COM in order to develop 

preventive measures and enhance the performance of 
COM and maintain their strategic edge. As indicated in 
“Global Construction Disputes Report” by Arcadis (2019), 
change orders frequently generate delays and inefficien-
cies which can lead to disputes, cost and schedule im-
pacts. Furthermore, due to the absence of historical data, 
the ambiguity and unpredictability of expert judgments, 
all of which are major features of the building business 
(Gunduz & Elsherbeny, 2021). The COM support system 
framework can be used to fill a gap in the literature. As a 
result, early identification of performance indicators and 
risk assessment in the construction COM process can aid 
risk mitigation methods while lowering the possibility of 
a construction project ending in a disagreement, as well 
as cost and schedule consequences. The goal of this study 
is to create a systematic and comprehensive support sys-
tem framework for evaluating COM performance in order 
to help the client, consultant, and contractor plan, man-
age, measure, monitor, and regulate COM performance 
efficiently. To achieve this goal, this article will provide 
a global appropriate and realistically implemented COM 
support system architecture that will greatly add to the 
body of knowledge in the construction engineering and 
management literature, as well as industry. 

1. Literature review

A construction project is deemed successful once it is ac-
complished, without cost overruns, and within specifica-
tions. However, several researchers criticized this approach 
due to over reliable on maintaining the original budget 
and schedule area and its incapability to reflect the stake-
holder’s concern and goal (Tripathi et al., 2019). Change 
orders are unavoidable in the construction industry, are 
dynamic, and vary from project to project (Hanna & Is-
kandar, 2017; Shrestha & Maharjan, 2018). Kermanshachi 
and Safapour (2019) argued that change orders have both 
visible and implicit impacts on projects, and that defining 
their indirect impacts is complicated. The purpose of a 
change order document is to identify duties and obliga-
tions as well as to recognize the budget and timeline of 
the change order. Therefore, the acceptance and acknowl-
edgement of change order by all parties is not enough to 
manage the change order in construction project, resolve 
any disputed issues, or overcome the difference of knowl-
edge between the construction project stakeholders. There 
are project management success indicators that must be 
implemented and tracked in order to cope with the effects 
of change orders and disturbances on construction proj-
ect performance (Love et al., 2002). In addition, investing 
in and implementing prevention measures to reduce the 
disruptions of shift order. These strategies are relevant not 
only to cost and scheduling, but also to interaction, risk 
management, and reducing problems and disputes among 
contracting parties (Love et al., 2020). Furthermore, the 
literature reveals many approaches for lack of managing 
change order practices in construction industry. Carefully 
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understanding of the project in initial stages, and adequate 
analysis contract conditions corresponding to change or-
ders (Gunduz et al., 2013), poor design management, i.e., 
insufficient preliminary study, lack of information, inex-
perience or incompetence of design staff, and lack of co-
ordination between the various design disciplines (Khosh-
goftar et al., 2010; Ibrahim et al., 2020a), poor communi-
cation between stakeholders (Du et al., 2016; Love et al., 
2020), poor of change order systems, procedures, and 
guidance (Gunduz et  al., 2015; Gunduz & Mohammad, 
2020), unclear roles and responsibilities of change order 
parties (K. Shrestha & P. Shrestha, 2019), inappropriate 
of planning of change orders (Gunduz & Khan, 2018; K. 
Shrestha & P. Shrestha, 2019; Ibrahim et al., 2020a), and 
inadequate owner involvement and engineering support 
during construction (Ibrahim et al., 2020b) are some ex-
amples of poor change order management. Hence, under 
these circumstances, information and decision support 
system for each viewpoint management become a must. 
The following section investigates the adopted models and 
frameworks for COM in the literature.

1.1. Adopted change order  
management in the literature

Past studies highlight the importance of developing an 
effective support system model to mitigate the negative 
impacts of change orders on project performance and re-
duce their potential trigger project failure (Sun & Meng, 
2009; Du et  al., 2016; Gunduz & Khan, 2018; Lavikka 
et al., 2019; Gunduz & Mohammad, 2020; Al-Kofahi et al., 
2020). Alnuaimi et al. (2010) argued that during the early 
phases of a project, change orders can be managed effec-
tively and are preventable, potentially avoiding multiple 
modifications during the construction phases with respect 
to each industry’s viewpoint. Du et al. (2019) state that the 
design phase should be effective, systematic, and reviewed 
by stakeholders to decrease the number of change orders. 
Zhang et al. (2012) developed a support system process to 
reduce the number of change orders by managing a con-
tinuous improvement loop. Furthermore, numerous poli-
cies have been introduced as support system to scholars 
and practitioners by the Construction Industry Institute 
[CII] and viewpoints to enhance the managing system 
of change orders (CII, 2012). Over the last decade, the 
number of papers about the management and control of 
change orders has also increased (Ibbs et al., 2007; Arain 
& Pheng, 2005a, 2006). Arain and Pheng (2007) developed 
a process-based support model, based on six principles: 
1) supporting a balanced culture, 2) identifying change, 
3) analyzing change, 4) executing change, 5) applying 
monitoring policies, and 6) learning lessons from previous 
variation orders. The support system model was clustered 
into three stages: 1) investigating, 2) studying the different 
choices and proposals, and 3) dominance building. Sup-
port system and predictive frameworks with respect to 
construction industry viewpoint were developed to assess 
managerial practices through identification of factors im-

pacting construction engineering management (Viswana-
than & Jha, 2019; Castillo et al., 2018; Pereira et al., 2018; 
Ghodrati et  al., 2018; Hasan et  al., 2018; Ibrahim et  al., 
2020a; Naji et  al., 2020). Choi et  al. (2020) developed a 
decision support model for determining the effects of al-
ternative contracting methods on project time-cost per-
formance. Based on this model, they conducted a series 
of descriptive analyses of time-performance to develop a 
quantitative model for evaluating factors affecting ACM 
(Alternative Contracting Methods) time-cost performance 
as a support system. Lu et al. (2019) developed an assess-
ment support framework for asset-backed security of 
public–private partnerships based on the identification of 
critical success factors of such partnerships. They then de-
veloped an investment evaluation guide to support the de-
cision-making process for construction project practition-
ers and decision makers viewpoint. Ibrahim et al. (2020a) 
developed a statistical support framework to mitigate the 
impact of out-of-sequence work on project performance. 
Ibrahim et al. (2021) presented a comprehensive readiness 
assessment framework comprising 228 factors categorized 
into 15 categories. This framework highlights factors that 
should be addressed prior to mobilization in order to 
improve overall productivity and project performance. 
Khalafallah and Shalaby (2019) developed a standard 
model to facilitate and automate the comparative analysis 
of change-order data across public-project types and sizes. 
The study concluded that the leading technical causes of 
change orders identified through record analysis were 
poor definition of work scope, lack of coordination with 
authorities, and unplanned interruptions for public-pro-
ject. Efficient and effective support system for change or-
der management is crucial to both survival and thrival of 
the firm viewpoint. Kermanshachi et al. (2018) proposed 
a dynamic support system model to explore the influence 
of late change orders on labor productivity and suggested 
management policies to control change orders in water 
treatment projects. Marzuki et  al. (2019) developed a 
support framework to identify the causes of change order 
factors for Indonesian public infrastructure construction 
projects. Du et al. (2016) used discrete event simulation to 
optimize the number of change orders, speed up activities, 
and re-engineer the COM process. Al-Kofahi et al. (2020) 
used support system dynamics to quantify change orders’ 
impact on labor productivity, proposing a model that can 
be utilized to identify the main sources that impact labor 
productivity for a specific type of work. Alleman et  al. 
(2020) explored the support system by developing a rela-
tionship between change orders and delivery methods in 
highway construction projects, proposing mitigation poli-
cies to control the causes of change orders affecting project 
delivery methods in industry’s view point.

Over the last twenty years, the existing model and 
framework for evaluating the efficiency of managing 
the change orders have certain limitations. These issues 
related to investigating only the causes of change order 
(Msallam et al., 2015; Khanzadi et al., 2018; K. Shrestha 
& P. Shrestha, 2019), serving specific geographical region 
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and context (Msallam et al., 2015; Du et al., 2016; Senouci 
et al., 2016), serving specific type of construction project 
(Taylor et al., 2012; Kermanshachi et al., 2018; Khalafal-
lah & Shalaby, 2019), lacking of statistical interpretation 
(Gunduz & Khan, 2018; Khanzadi et al., 2018; Kerman-
shachi et al., 2018), investigating a limited number of per-
formance factors (Khanzadi et al., 2018; Gunduz & Mo-
hammad, 2020), or using simple statistical analysis (i.e., 
linear regression) and qualitative analysis (Hanna & Is-
kandar, 2017; Safapour & Kermanshachi, 2018; Al-Kofahi 
et  al., 2020). Hence, there is a distinct  lack of a robust 
and global support system approach for the assessment of 
COM performance by developing a systematic and multi-
dimensional performance factors framework in the exist-
ing models and frameworks of the literature and relevant 
to construction industry’s viewpoint.

1.2. The Delphi approach in construction 
management and engineering

The construction industry relies on the combined exper-
tise of a diverse group of experts to find solutions to com-
mon issues. This is because the industry relies so heavily 
on practical experience. Since the 1990s, Hallowell and 
Gambatese (2010) have noticed an increase in the use of 
the Delphi method in construction research. The Delphi 
method is frequently used in social science (Skulmoski 
et al., 2007; Dupras et al., 2020) and construction (Shres-
tha et  al., 2019; Gunduz & Elsherbeny, 2020) research 
to provide a real-world knowledge in real-time (Saka & 
Chan, 2019). It is qualitative and quantitative research 
technique used to reduce bias and ensure that partici-
pants hold appropriate qualifications. The Delphi method 
remains a particularly useful alternative for the situation 
when objective data are unattainable, there is a lack of em-
pirical evidence, or experimental research is unrealistic or 
unethical. Delphi is used for a problem that cannot be di-
rectly analyzed by analytical techniques, questions require 
intuitive judgment, and expert disagreement occurs. The 
goal of a Delphi study is to obtain consistent agreement 
from selected competent experts through updated surveys 
governed by a statistical analysis of the experts’ response 
(Hallowell & Gambatese, 2010; Mansour et al., 2022). The 
Delphi method is recognized as a reliable method in con-
struction engineering research (Mansour et al., 2022) and 
has been utilized by various researchers to identify and 
rank factors impacting complex processes and outcomes 
(Ameyaw et  al., 2016; Kermanshachi & Safapour, 2019; 
Gunduz & Elsherbeny, 2020; Mansour et al., 2022). Delphi 
occupies a position close to a constructionist approach and 
also has the potential to generate quantified results within 
a positivist tradition. Compared to questionnaire surveys, 
Delphi offers better interaction with respondents and 
could potentially provide more understanding of complex 
problems as a support system (Sourani & Sohail, 2015). 

In construction engineering and management stud-
ies, Delphi includes ease of implementation, selection of 
highly qualified experts, allows for experts’ input, and the 

ability to control judgment-based bias. Therefore, Del-
phi is more appropriate than other subjective research 
approaches, such as traditional surveys or interacting 
groups. Ameyaw et al. (2016) reviewed 88 papers imple-
menting the Delphi technique as a primary or compo-
nent research methodology in construction engineering 
management. This review indicates that Delphi is a ro-
bust technique for identifying, evaluating, and forecasting 
purpose in areas of construction research studies cover-
ing construction industry’s viewpoint, project design, 
project planning, project contracting issues, productivity 
issues, organizational issues, information technologies, 
cost and scheduling, construction materials and methods, 
risk management, project complexity indicators, and the 
causes of change orders. His intensive review shows that 
more attention has been inclined to adopt this technique 
within an experts specialized in relevant subject of solici-
tation and factors identification, by using mean or median 
as the most common feedback process. The appropriate-
ness of this method as a technique is the trend of using of 
statistical techniques to analyze data collected in Delphi 
surveys. Various statistical analysis techniques utilized to 
measure the consensus, inter-group comparison, and cor-
relation of the data provided by the Delphi panel which 
are studied in details. The credibility of Delphi studies is 
closely tied to the careful selection of panelists and the 
formulation of survey questions.

Therefore, a purposive Delphi approach was adopted 
to develop a qualitative and quantitative framework sat-
isfying the criteria: extensive working experience; sound 
knowledge and understanding of the COM concepts in 
the construction industry viewpoints. Furthermore, the 
model will be developed based on comprehensive and 
multi-dimensional factors that can be utilized for evaluat-
ing the practical COM implementation in construction in-
dustry, and can be utilized for future extension of this re-
search (Zuo et al., 2018; Kermanshachi & Safapour, 2019; 
Gunduz & Elsherbeny, 2020, 2021). Consequently, this 
study contributes to the knowledge of construction man-
agement by introducing COM model as a support system 
for construction practitioners though Delphi approach to 
assess the COM performance with the assistance of multi-
dimensional indicators. The structure of Delphi technique 
by addressing the ambiguous and imprecise events and 
factors in construction engineering management area de-
liver a greater support system and application potential for 
this paper to identify the COM factors that affecting the 
construction management performance. 

1.3. The support system for COM performance 

A review of the literature reveals that many attempts have 
been made by researchers and practitioners to manage 
change orders and enhance overall project performance 
by investigating the causes, classifications, impacts, and 
control of change orders for different types of construc-
tion projects. However, the existing research has several 
significant limitations mainly due to the lack of a con-
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ceptual framework that covers the global view of COM 
activities, the global best practices, the success factors, and 
the operational procedures in one framework that can be 
applied to a wide range of projects such as building con-
struction, infrastructure, roads, and industrial projects. 
Consequently, in order to fill this gap, this paper proposes 
an operational, global, systematic, and multidimensional 
construction COM performance framework through a 
Delphi technique to cover the limitations of the exist-
ing studies. This study contributes to the knowledge of 
construction management in two main aspects. First, 

the research highlights the underlying 49 factors and 7 
management groups contributing to COM performance 
in the construction projects which are listed in Table 1, to 
develop a framework that mitigates the impacts of change 
orders throughout complex life cycle of a construction 
project. Second, the application of Delphi technique and 
the development of an operational support system frame-
work (COM-OSSF) approach can be utilized to explore 
the importance of critical influences through different 
consensus assessments over the construction project life 
cycle and in other research areas.

Table 1. Change orders management groups, factors and reference number of cited research paper

COM Factors and Groups References

G01 Design Management

Abad et al. (2019); Al-Kofahi et al. (2020); Ameyaw et al. (2016); Anees et al. 
(2013); Arain and Pheng (2005a, 2006); Arcadis (2019); Blumberg et al. (2014); 
Brown and Hauenstein (2005); Egan et al. (2012); Graham et al. (2018); Gunduz 
and Elsherbeny (2020); Hanif et al. (2016); Hwang et al. (2014); Khanzadi et al. 
(2018); Khoshgoftar et al. (2010); Khoso et al. (2019); Love et al. (2002)

G01-01 Well-defined project’s scope of work/ 
project brief

Al-Kofahi et al. (2020); Ameyaw et al. (2016); Arain and Pheng (2006); Brown 
and Hauenstein (2005); Egan et al. (2012); Graham et al. (2018); Hwang et al. 
(2014); Khoshgoftar et al. (2010); Love et al. (2002)

G01-02 Well-defined project objectives
Al-Kofahi et al. (2020); Ameyaw et al. (2016); Arain and Pheng (2006); Egan 
et al. (2012); Graham et al. (2018); Hwang et al. (2014); Khanzadi et al. (2018); 
Khoshgoftar et al. (2010); Khoso et al. (2019); Love et al. (2002)

G01-03 Different design alternatives/ options at 
conceptual and design phase

Al-Kofahi et al. (2020); Brown and Hauenstein (2005); Hwang et al. (2014); 
Khoshgoftar et al. (2010)

G01-04 Establishment of a project management 
plan

Ameyaw et al. (2016); Arain and Pheng (2006); Brown and Hauenstein (2005); 
Khanzadi et al. (2018); Love et al. (2002, 2020); Lu et al. (2019)

G01-05 Owner’s involvement during planning 
and design phases

Abad et al. (2019); Al-Kofahi et al. (2020); Ameyaw et al. (2016); Anees et al. 
(2013); Arain and Pheng (2005a, 2006); Brown and Hauenstein (2005); Egan 
et al. (2012); Graham et al. (2018); Gunduz and Elsherbeny (2020); Gündüz 
et al. (2013); Hanif et al. (2016); Khanzadi et al. (2018); Khoshgoftar et al. 
(2010); Khoso et al. (2019); Love et al. (2002)

G01-06 Sufficient stipulated time for design Delphi study panellists

G02 Quality Management
Chan et al. (2017); Al-Kofahi et al. (2020); Arain and Pheng (2006); Arcadis 
(2019); Blumberg et al. (2014); Ibbs et al. (2007); Kermanshachi et al. (2020); 
Love et al. (2020)

G02-01 Reviewing the contractor’s project 
quality plan (Planning /Start-up phase)

Chan et al. (2017); Al-Kofahi et al. (2020); Arain and Pheng (2006); Arcadis 
(2019); Blumberg et al. (2014); Ibbs et al. (2007); Kermanshachi et al. (2020); 
Love et al. (2020)

G02-02
Systematic auditing for the quality 
implementation (Implementation /
Construction phase) Arain and Pheng (2006); Arcadis (2019); Blumberg et al. (2014)

G02-03 Reviewing the contractor’s project health 
and safety plan Arcadis (2019); Blumberg et al. (2014)

G02-04 Systematic auditing of contractor’s 
health and safety plan Arcadis (2019); Blumberg et al. (2014)

G02-05 Assignment of qualified and competent 
project management team

Alomari et al. (2018); Ameyaw et al. (2016); Arain and Pheng (2005a, 2006); 
Arcadis (2019); Blumberg et al. (2014); Egan et al. (2012); Gunduz and 
Mohammad (2020); Kermanshachi et al. (2020); Love et al. (2002, 2020); Lu 
et al. (2019)

G02-06 Establishment of a proper risk 
management system for changes

Abad et al. (2019); Gunduz and Mohammad (2020); Kermanshachi et al. 
(2020); Love et al. (2002, 2020); Lu et al. (2019)
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COM Factors and Groups References

G02-07 Owner’s timely review of changes Al-Dubaisi (2000); Anees et al. (2013); Arain et al. (2004); Arain and Pheng 
(2005a, 2006); Love et al. (2002); Lu et al. (2019)

G02-08 Reviewing and regularly monitoring of 
the contractor’s project baseline program

Arain and Pheng (2006); Arcadis (2019); Blumberg et al. (2014); Kermanshachi 
et al. (2020); Love et al. (2002, 2020)

G02-09 Managing design and design 
development during construction

Choi et al. (2020); CII (2017); Egan et al. (2012); Hallowell and Gambatese 
(2010); Han et al. (2012); Hanif et al. (2016); Hon et al. (2012)

G02-10 Proper verification for the quality of 
physical works

Anees et al. (2013); Arain et al. (2004); Arain and Pheng (2005a, 2005b, 2006, 
2007); Hallowell and Gambatese (2010)

G03 Documentation Management

Abad et al. (2019); Chan et al. (2017); Al-Dubaisi (2000); Alnuaimi et al. (2010); 
Alomari et al. (2018); Arain and Pheng (2005a, 2006); Brown and Hauenstein 
(2005); Charkhakan and Heravi (2019); Cohen et al. (2018); Du et al. (2016); 
Durdyev (2021); Ghodrati et al. (2018); Graham et al. (2018); Günhan et al. 
(2007); Habibi et al. (2018); Hon et al. (2012)

G03-01 Establishment of a change control 
system

Brown and Hauenstein (2005); Charkhakan and Heravi (2019); Durdyev 
(2021); Ghodrati et al. (2018); Graham et al. (2018); Günhan et al. (2007); Hon 
et al. (2012); Hwang et al. (2014, 2018)

G03-02 Reviewing the sufficiency of contract 
documents for changes

Brown and Hauenstein (2005); Charkhakan and Heravi (2019); Han et al. 
(2012); Hanif et al. (2016)

G03-03 Utilization of an electronic document 
management system

Brown and Hauenstein (2005); Charkhakan and Heravi (2019); Durdyev 
(2021); Ghodrati et al. (2018); Graham et al. (2018); Günhan et al. (2007); Hon 
et al. (2012); Hwang et al. (2014, 2018)

G03-04 Regularly monitoring of major activities 
that have time/cost impact Chan et al. (2017); Hallowell and Gambatese (2010)

G03-05 Regular reporting to the owner Alnuaimi et al. (2010); Anees et al. (2013); Hallowell and Gambatese (2010); 
Hon et al. (2012); Hwang et al. (2018, 2014)

G03-06 Capturing previous lessons learned and 
best practices from causes of changes 

Alomari et al. (2018); Arain and Pheng (2005a, 2006); Charkhakan and Heravi 
(2019); Hon et al. (2012)

G03-07 Timely reviewing of the submittals (shop 
drawings and material)

Arain et al. (2004); Arain and Pheng (2005a, 2006); Charkhakan and Heravi 
(2019); Gunduz and Elsherbeny (2020); Hallowell and Gambatese (2010) 

G04 Financial Management
Abad et al. (2019); Chan et al. (2017); Al-Dubaisi (2000); Arain et al. (2004); 
Arain and Pheng (2006); Charkhakan and Heravi (2019); Hallowell and 
Gambatese (2010) 

G04-01 Establishing of a financial management 
system

Abad et al. (2019); Chan et al. (2017); Al-Dubaisi (2000); Arain et al. (2004); 
Arain and Pheng (2006); Charkhakan and Heravi (2019); Han et al. (2012)

G04-02 Availability of additional funds for 
approved changes by owner

Abad et al. (2019); Chan et al. (2017); Al-Dubaisi (2000); Arain et al. (2004); 
Arain and Pheng (2006); Charkhakan and Heravi (2019); Han et al. (2012)

G04-03 Collecting market prices by owner for 
negotiations with contractor Arain et al. (2004); Arain and Pheng (2006); Charkhakan and Heravi (2019)

G04-04 Detailed breakdown and pricing of 
change order components

Arain et al. (2004); Arain and Pheng (2005a, 2006); Charkhakan and Heravi 
(2019); Gunduz and Elsherbeny (2020)

G04-05 Timely certifying the contractor’s due 
payments

Abad et al. (2019); Chan et al. (2017); Alaryan (2014); Al-Dubaisi (2000); 
Alnuaimi et al. (2010); Anees et al. (2013); Arain and Pheng (2005a, 2006); 
Arcadis (2019); Brown and Hauenstein (2005); Castillo et al. (2018); 
Charkhakan and Heravi (2019); Egan et al. (2012); El-Sabek and McCabe 
(2018); Gunduz and Elsherbeny (2020); Gündüz et al. (2013); Hon et al. (2012); 
Hwang et al. (2014)

G05 Dispute Resolution Management

Al-Dubaisi (2000); Alnuaimi et al. (2010); Arain and Pheng (2005a, 2006); 
Charkhakan and Heravi (2019); Cohen et al. (2018); Du et al. (2019); El-
Sabek and McCabe (2018); Habibi et al. (2018); Hanif et al. (2016); Heravi and 
Charkhakan (2014); Hwang et al. (2014); Love et al. (2020); Lu et al. (2019) 

Continue of  Table 1
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COM Factors and Groups References

G05-01
Establishment of a claims and disputes 
resolution system as set out in the 
contract

Brown and Hauenstein (2005); Charkhakan and Heravi (2019); Habibi et al. 
(2018); Hanif et al. (2016); Hwang et al. (2014); Lavikka et al. (2019); Lu et al. 
(2019); Luo et al. (2020)

G05-02 Well-defined change order scope

Abad et al. (2019); Chan et al. (2017); Alaryan (2014); Al-Dubaisi (2000); 
Alnuaimi et al. (2010); Anees et al. (2013); Arain and Pheng (2005a, 2006); 
Brown and Hauenstein (2005); Castillo et al. (2018); Charkhakan and 
Heravi (2019); Egan et al. (2012); El-Sabek and McCabe (2018); Gunduz and 
Elsherbeny (2020); Gündüz et al. (2013); Hon et al. (2012); Hwang et al. (2014); 
Love et al. (2020); Lu et al. (2019); Luo et al. (2020)

G05-03 Establishment of a clear change order 
process 

Abad et al. (2019); Chan et al. (2017); Alaryan (2014); Al-Dubaisi (2000); 
Alnuaimi et al. (2010); Anees et al. (2013); Arain and Pheng (2005a, 2006); 
Brown and Hauenstein (2005); Castillo et al. (2018); Charkhakan and 
Heravi (2019); Egan et al. (2012); El-Sabek and McCabe (2018); Gunduz and 
Elsherbeny (2020); Gündüz et al. (2013); Hon et al. (2012); Hwang et al. (2014); 
Love et al. (2020); Lu et al. (2019)

G05-04
Prompt evaluation of contractor’s 
proposals for changes including value 
engineering

Brown and Hauenstein (2005); Charkhakan and Heravi (2019); Egan et al. 
(2012); Gündüz et al. (2013); Hwang et al. (2014); Love et al. (2020); Lu et al. 
(2019)

G05-05 Carrying out cost-benefit analysis for 
changes

Arcadis (2019); Charkhakan and Heravi (2019); Hwang et al. (2014); Kim et al. 
(2020); Kolawole et al. (2016)

G05-06 Agreement of all concerning parties on 
change order time frame 

Abad et al. (2019); Chan et al. (2017); Alaryan (2014); Al-Dubaisi (2000); 
Alnuaimi et al. (2010); Anees et al. (2013); Arain and Pheng (2005a, 2006); 
Brown and Hauenstein (2005); Castillo et al. (2018); Charkhakan and 
Heravi (2019); Egan et al. (2012); El-Sabek and McCabe (2018); Gunduz and 
Elsherbeny (2020); Hwang et al. (2014); Khanzadi et al. (2018); Kolawole et al. 
(2016); Love et al. (2020); Lu et al. (2019)

G05-07
Proposing viable solutions by the 
contractor for change requests to avoid 
disputes

Arcadis (2019); Blumberg et al. (2014); Hwang et al. (2014); Love et al. (2002, 
2020); Lu et al. (2019)

G05-08
Effective negotiation of cost of claims 
between the contractor and owner prior 
to proceeding with change order Love et al. (2020); Lu et al. (2019)

G05-09 Early detection of changes Hanna and Iskandar (2017); Kolawole et al. (2016); Hwang et al. (2014); Love 
et al. (2020); Lu et al. (2019)

G05-10 Setting priorities for changes Brown and Hauenstein (2005); Hanna and Iskandar (2017); Love et al. (2020); 
Lu et al. (2019)

G06 Communication and Relationship 
Management

Abad et al. (2019); Al-Dubaisi (2000); Al-Kofahi et al. (2020); Ameyaw et al. 
(2016); Anees et al. (2013); Arcadis (2019); Blumberg et al. (2014); Brown 
and Hauenstein (2005); Dupras et al. (2020); Egan et al. (2012); Gunduz and 
Khan (2018); Gunduz and Mohammad (2020); Han et al. (2012); Hwang et al. 
(2018); Hwang et al. (2014); Ibrahim et al. (2020a); Karami and Olatunji (2020); 
Kermanshachi et al. (2020); Love et al. (2002, 2020); Lu et al. (2019)

G06-01 Regular meetings between contracting 
parties to discuss changes

Brown and Hauenstein (2005); Egan et al. (2012); Ibrahim et al. (2020a); Love 
et al. (2002, 2020)

G06-02 Early involvement of key stakeholders 

Abad et al. (2019); Al-Kofahi et al. (2020); Ameyaw et al. (2016); Anees et al. 
(2013); Arain and Pheng (2005a); Egan et al. (2012); Graham et al. (2018); 
Gunduz and Elsherbeny (2020); Gündüz et al. (2013); Hanif et al. (2016); 
Khanzadi et al. (2018); Love et al. (2002, 2020)

G06-03 Prompt and accurate response to the 
contractor’s queries

Anees et al. (2013); Arain and Pheng (2005a); Brown and Hauenstein (2005); 
Egan et al. (2012); Graham et al. (2018); Gunduz and Elsherbeny (2020); 
Gündüz et al. (2013); Hanif et al. (2016); Khanzadi et al. (2018); Love et al. 
(2002, 2020); Lu et al. (2019)

Continue of  Table 1



Journal of Civil Engineering and Management, 2022, 28(7): 564–589 571

2. Research methodology

The research methodology includes three phases, spe-
cifically: (1) identifying of the COM performance factors 
in respect to construction industry’ viewpoint; (2) data 
collection and analysis; and (3) results discussion, devel-
oping operational support system framework, validating 
and conclusion. The first phase focuses on identifying 
the critical factors through a systematic literature review 
of construction COM practices, followed by a series of 
semi-structured interviews with eight construction ex-
perts to verify the identified factors, categorize key factors 
into project management process group, and the design of 
the study’s initial questionnaire. Phase two is concerned 
with data collection and analysis processes, which include 
the setting of criteria for expert selection, as well as two 
rounds of Delphi research and data analysis. Round one 
begins with the dissemination of the primary question-
naire sample to experts in order to obtain valuable advice 
and concludes with the analysis of the obtained data for 
normality, reliability, and consensus. The questionnaire 
was updated by a second round to incorporate the first 
round feedback and new identified critical factors. At the 
end, the collected data was analyzed for normality, in-
strument reliability, consensus analysis, and comparison 
of intergroup. Last phase, developing and validating of 
an operational support system framework (COM-OSSF) 
based on COM performance factors of the construction 

expert’s viewpoint, then conclusion and research im-
plications. Figure 1 presents the research methodology 
and procedure to develop an operational support system 
framework in respect of construction expert’s viewpoints. 

2.1. Identifying of change order management 
(COM) performance factors 

Factors that define and demonstrate the performance of 
COM for construction projects were identified by con-
ducting a comprehensive literature review. The research 
approach to identify COM performance factors has three 
main phases: selection of the journal, selection of the 
article, and analysis of the paper. Highly ranked journals 
in construction engineering research were chosen, and 
further potentially relevant publications were identified 
through databases such as Scopus, Wiley Online Library, 
American Society of Civil Engineers (ASCE), Taylor 
& Francis Online, the International Journal of Project 
Management (IJPM), IEEE Xplore library, Elsevier, and 
Emerald. Relevant articles were then selected from among 
candidates published between 2000 and 2020 using the 
title, abstract, and keywords. The keywords used includ-
ed “change orders”, “variation orders”, “control change 
orders”, “managing change orders”, “modeling of change 
orders”, “success factors in change orders”, and “construc-
tion change management”. Final selection of papers for 
the literature review was based on the following criteria: 

COM Factors and Groups References

G06-04 Effective management of operational 
issues at field level

Abad et al. (2019); Chan et al. (2017); Al-Dubaisi (2000); Al-Kofahi et al. 
(2020); Brown and Hauenstein (2005); Egan et al. (2012); Ibrahim et al. (2020a); 
Love et al. (2002); Luo et al. (2020)

G06-05 Effective management of interface 
among contractors and suppliers

Abad et al. (2019); Chan et al. (2017); Al-Kofahi et al. (2020); Alnuaimi et al. 
(2010); Brown and Hauenstein (2005); Egan et al. (2012); Ibrahim et al. (2020a); 
Jarkas and Mubarak (2016); Love et al. (2002, 2020); Lu et al. (2019); Luo et al. 
(2020)

G06-06 Proper identification of Work 
Breakdown Structure (WBS)

Abad et al. (2019); Chan et al. (2017); Al-Dubaisi (2000); Al-Kofahi et al. 
(2020); Brown and Hauenstein (2005); Egan et al. (2012); Ibrahim et al. (2020a); 
Kermanshachi et al. (2020); Khanzadi et al. (2018); Lu et al. (2019); Luo et al. 
(2020)

G06-07 Proper orientation about the contractual 
issues provided to the field team Delphi study panellists

G07 Procurement Management Brown and Hauenstein (2005); Egan et al. (2012); Jarkas and Mubarak (2016); 
Love et al. (2002, 2020)

G07-01 Early identification of lead items during 
design stage

Arcadis (2019); Blumberg et al. (2014); Brown and Hauenstein (2005); Love 
et al. (2002)

G07-02 Reviewing subcontractors’ pre-
qualification and competency system

Arcadis (2019); Blumberg et al. (2014); Brown and Hauenstein (2005); Egan 
et al. (2012); Ibrahim et al. (2020); Jarkas and Mubarak (2016); Love et al. (2002, 
2020); Luo et al. (2020)

G07-03 Reviewing the contractor’s proposed key 
management staff to handle the project

Arcadis (2019); Blumberg et al. (2014); Brown and Hauenstein (2005); Egan 
et al. (2012); Love et al. (2002, 2020); Luo et al. (2020)

G07-04 Utilizing trained and skilled labors Arcadis (2019); Blumberg et al. (2014); Brown and Hauenstein (2005); Love 
et al. (2002)

End of  Table 1
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(1) primary topic was COM and reducing the impact of 
the change orders; (2) significant discussion of techniques 
and tools related to controlling and managing the change 
orders in construction engineering management; and (3) 
application of a detailed technique to measure the per-
formance of COM. 168 articles focusing on COM studies 
were identified through this process, with further review 
of these articles conducted with the assistance of experts 
involved in the Delphi process to identify the most rel-
evant publications describing significant COM factors. 
Subsequently, face-to-face meetings with the eight ex-
perts were conducted as their experiences enhanced the 
data collected in the study (Blumberg et  al., 2014). The 
experts had over 27 years’ experience on average of inter-
national projects and all held managerial positions. Some 
also hold PhDs in construction management. The factors 

identified in the literature were presented as preliminary 
questionnaire items to elicit the experts’ views and opin-
ions to cover: (1) any missing factors that could be added; 
(2) any redundant or overlapping factors; (3) relevance of 
the COM factors for the industry; (4) improving the lan-
guage; and (5) improving the characteristics and quality of 
the survey. The comments, notes, and feedback received 
from the experts led to improvements in the preliminary 
questionnaire including shortening of questionnaire items, 
use of clearer and briefer language, and removal of over-
lapping factors. Notes were collected from the interviews, 
and content analysis was conducted to produce meaning-
ful information ahead of the Delphi study. 

COM performance factors were categorized by Delphi 
experts into seven project management process groups: 
G01: Design Management, G02: Quality Management, 

Figure 1. Research methodology for developing a COM support system
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G03: Documentation Management, G04: Financial 
Management, G05: Dispute Resolution Management, G06: 
Communication and Relationship Management, and G07: 
Procurement Management. Leading effective projects re-
quires not only strong general leadership skills, but also 
a methodological and responsive set of core processes 
and abilities (Project Management Institute [PMI], 2016). 
Success on one project can be duplicated in subsequent 
projects and may lead to more contacts and additional 
opportunities. While no two projects will be identical, 
mastering a standard set of industry-wide processes can 
leverage more effective project management strategies and 
can yield to increased professional advancement. The inte-
grative approach of essential process groups, also referred 
to as the traditional approach to project management, 
yields positive results for project leaders who take the time 
to understand how the different process groups overlap 
and support success throughout all phases of the project 
(PMI, 2016). Process groups shall be well-defined and 
well-structured. Sorting COM factors into process groups 
furnish the ability to obtain a successful each phase of a 
construction project (Gunduz & Elsherbeny, 2020, 2021). 
By developing a tracking phase-checklists between pro-
cess groups, forces the workflow into a pace where status 
checks are regularly occurred and monitored (Kerman-
shachi et al., 2020). For example, COM workflow from the 
design management to the communication management 
process groups, a status checklist shall be implemented to 
ensure that the identified stakeholders were communicat-
ed with throughout the project. Therefore, categorizing 
COM factors into project management process groups will 
enhance the function of the work breakdown structure 
(WBS) and split the implementation of COM by differ-
ent disciplines of construction project team. An extensive 
literature review, interviews with different nationalities of 
construction professionals’ experts, and the Delphi study 
led to the identification of 49 unique factors on 7 process 
groups concerning the performance of COM which are 
shown in Table 1.

2.2. Delphi method and panelists selection criteria 

The method begins with carefully selecting a defined 
number of qualified experts (panelists). Panel members 
are unknown to each other and answer a set of updated 
questionnaires across several rounds. Chan et al. (2017) 
conclude that a successful Delphi study is essentially 
governed by the panelists involved in the study and is 
highly affected by their level of consensus. In literature, 
there is no agreement on the minimum number of ex-
perts that should participate in Delphi studies (Alomari 
et al., 2018; Gunduz & Elsherbeny, 2020). Ameyaw et al. 
(2016) reviewed 88 research papers and indicated that 
the majority of the previous researchers used 8–20 ex-
perts in their Delphi studies. Another study by Hallowell 
and Gambatese (2010) recommended only 8–12 experts. 
Gunduz and Elsherbeny (2020) used 17 experts in their 
study. The quality of the output depends mainly on the 

experts involved in a Delphi study, and the success of the 
whole process is profoundly affected by the unbiased judg-
ment (Chan et  al., 2017). Therefore, in this research, to 
ensure the validity of this Delphi study, the researchers 
utilized the guidelines proposed by Hallowell and Gam-
batese (2010), and Gunduz and Elsherbeny (2020) regard-
ing the methodology for selecting panelists in a Delphi 
study. Moreover, a purposive sampling method is used 
for choosing the panel members (Oppong et  al., 2021). 
It is also known as judgment, selective and non-prob-
ability sampling technique utilized to identify potential 
respondents, which comprised a small member of indi-
viduals with construction expertise and familiarity with 
construction change orders management to participate in 
the study. The sample was determined using a variety of 
parameters, including years of experience, working div-
ision, organization type, and position. Hence, 13 panelists 
were nominated in accordance with predetermined condi-
tions: (1) experts with extensive practical experience in all 
type of construction projects (i.e., buildings, infrastruc-
ture, industry, etc.) and (i.e., 15 years or more); (2) suc-
cessful records of completion of at least two megaprojects; 
(3) involvement in project construction management and 
good knowledge of COM; (4) registered professional or 
postgraduate degree; and (5) willingness to participate in 
a multi-round survey/interview.

Each round produces new information for panelists to 
use in the next round, allowing the experts to modify their 
assessments. The Delphi rounds are continued until a con-
sensus is reached (Sourani & Sohail, 2015). Typical Delphi 
processes involve two or three survey rounds. Round one 
seeks feedback on a specific issue from panelists in face-to-
face conversation and then converts it into a more struc-
tured questionnaire. Round two asks the panelists to rate 
the questionnaire items. Within round two, initial points 
of disagreement and agreement between the panelists can 
be identified (Sourani & Sohail, 2015). Round three pro-
vides consolidated results (feedback) from the previous 
round and asks the panelists to freely reconsider the rat-
ings. In each subsequent round, the researcher prepares an 
anonymous brief of the panelists’ assessments (commonly 
in terms of mean, median or deviation) from the previ-
ous survey round and asks the experts to reassess their 
previous opinion taking into consideration the opinions 
of other panelists (Ameyaw et  al., 2016; Mansour et  al., 
2022). The COM performance factors were determined 
and ranked after two rounds of Delphi process according 
to their influence level on the construction process. The 
following are the main steps used to execute the Delphi 
study in this research:

1) Establish the criteria to select experts and identify 
their names;

2) Send an invitation with a cover letter to experts 
and determine the minimum number of experts 
required;

3) Prepare an initial questionnaire with piloting for 
successive rounds;
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4) Distribute the questionnaire for ranking and justi-
fication;

5) Collect and analyze the data. Evaluate the results;
6) Average the estimates from all experts (using me-

dian and mean); for each expert, calculate the de-
viation from the mean;

7) Send the deviations in the estimates back to the ex-
perts for revision/reassessment;

8) Repeat steps 5–7 until the consensus is reached and 
the criteria are met;

9) Report the final results and conclusions.
Five-point Likert scales are commonly used (Ozdemir, 

2016; El-Sabek & McCabe, 2018; Gunduz & Elsherbeny, 
2020; Kermanshachi & Safapour, 2019; K. Shrestha &  
P. Shrestha, 2019). Ameyaw et al. (2016) conclude that half 
of the identified Delphi papers adopted a Likert scale to 
quantify the opinions of experts on a specific subject using 
different expression of linguistic scales. Thus, five points 
scale is utilized in this paper, which is commonly used to 
sustain measurement accuracy. 

2.3. The components of support system  
for evaluating COM performance 

After the literature and the semi-structured interviews 
with eight professionals, 47 COM performance factors 
were identified and categorized into 7 main COM per-
formance project management process groups. The COM 
factors and groups are the structure elements of an op-
erational support system for evaluating the COM perfor-
mance. To analyze the support system components and 
evaluate the expert’s consensus, a preliminary question-
naire was developed. The questionnaire comprised of 
three main parts. Part one included questionnaire about 
the survey and items about the respondents’ backgrounds. 
Part two involved items regarding the rating of 47 factors 
on COM performance. Part three included items regard-

ing the rating of 7 process groups on COM performance. 
To test the questionnaire content by third party, the ques-
tionnaire was distributed to 20 construction experts and 
obtained 100% response rate and positive feedbacks. 

3. Data collection and characteristics

Data characteristics include demographic information 
about the participants, tests of data normality, and inter-
nal reliability of the questionnaire. The first Delphi ques-
tionnaire was circulated to the 13 experts listed above for 
their scores and feedback. The data were collected in two 
rounds of the Delphi survey using a five-point Likert scale: 
5 is Extremely Important, 4 is Very Important, 3 is Moder-
ately Important, 2 is Slightly Important, and 1 is Not at All 
Important (Ozdemir, 2016; Gunduz & Elsherbeny, 2020) 
with a response rate of 100%. 

An additional two factors were identified and devel-
oped with the professionals after the first cycle of the Del-
phi study: G01-06: Sufficient stipulated time for design; 
and G06-07: Proper orientation about contractual issues 
provided to the field team, which are shown in Table 1.

3.1. Delphi panelists’ demographics

The term “Delphi Panelists” refers to experts, profession-
als or researchers with in depth knowledge and sound 
experience in the field of a study (Ameyaw et al., 2016). 
Table 2 shows the characteristics of the 13 panelists who 
were involved in the Delphi study. The panelists hold high 
qualifications and extensive experience in construction. 
The panelist experts had previous training on managing 
of change orders and 12 had change management certifi-
cates. Their distribution according to their organization 
type is as follows: two experts were owners, three were 
consultants, and eight were contractors. Five experts dealt 
with public projects and eight dealt with private ones. It is 

Table 2. Characteristics of the Delphi panelists 

No. Organization Type Current role Education Level Years of Experience 
1 Consultant Project Director Ph.D. 28
2 Contractor General Manager Master’s degree 30
3 Owner Project Manager Master’s degree 30
4 Contractor Contracts Manager Master’s degree 30
5 Consultant Claims Manager Master’s degree 25
6 Contractor Planning and Risk Manager Master’s degree 27
7 Contractor Engineering Manager MBA 23
8 Contractor Control Manager Master’s degree 29
9 Owner Project Manger Ph.D. 27

10 Consultant Sr. Quantity Surveyor Bachelor’s degree 33
11 Contractor Project Manager Bachelor D. and PMP Certified 28
12 Contractor Contracts Manager Bachelor D. and PMP Certified 27
13 Contractor Training and Development Manager Ph.D. in Construction Management 20

Note: COM – Change Orders Management; D – Degree; Ph.D. – Doctor of Philosophy; MBA – Master of Business Administration; 
PMP – Project Management Professional.
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also worth noting here that eight participants were work-
ing in Qatar at the time of data collection and had inter-
national, worldwide experience while the other five are 
from Canada, Kingdom of Saudi Arabia (KSA), United 
Arab Emirates (UAE), Sweden and Australia. 

3.2. Normality test

The normality test is a key test to determine whether or 
not data are normally distributed and was thus the first 
statistical test to be done prior proceeding with the next 
examination. Kalaian and Kasim (2012) state that statisti-
cal methods for nonparametric data are appropriate for 
studies with fewer than 30 participants which use non-
normal distribution data. Nonparametric tests are also re-
ferred to as distribution-free tests (Megha & Rajiv, 2013). 
The normality test calculates the correlation between the 
sample data and its normal scores. If the correlation coef-
ficient is close to “1”, the population is said to be normal. 
Furthermore, if the p-value significance value (the prob-
ability that the observed difference could have occurred if 
the null hypothesis were correct, i.e., by random chance) 
is less than the level of significance (the accepted chance 
of incorrectly rejecting the null hypothesis) of the test, the 
null hypothesis is rejected and the data are said to be not 
normally distributed. Otherwise, the data are normally 
distributed. The Ryan-Joiner statistic in the Minitab 19 
software package was utilized to check the normality of 
the data for the first and second rounds. The results in Fig-
ure 2 show that data significantly deviate from a normal 
distribution, based on a significance level of 0.05. 

All factors and groups have p-values of less than 0.005 
in both rounds 1 and 2. Therefore, the null hypothesis is 
rejected, and data are considered to deviate significantly 
from a normal distribution. Consequently, nonparametric 
estimates are used in the next section.

3.3. Reliability test for the Delphi questionnaire

The reliability test is another key statistical test defined as 
the degree of consistency, with which the attribute is being 
measured. Reliability increases as repeated measurements 
made by the instrument show reduced variation. Cron-
bach’s alpha coefficient values were used to measure the 

reliability of the questionnaire data. These are usually used 
for multiple Likert scales in a survey or questionnaire to 
validate the reliability of the scale. The Cronbach’s alpha 
value should be between 0 and 1; a value close to 1 means 
that the internal consistency is greater. Cohen et al. (2018) 
set the following guidelines for the Cronbach’s alpha co-
efficient: 1) 0.90 very highly reliable; 2) 0.80–0.90 highly 
reliable; 3) 0.70–0.79 reliable; 4) 0.60–0.69 minimally re-
liable; and 5) < 0.60 unacceptably reliability. Cronbach’s 
alpha was used here to measure the internal consistency 
for each expert group, each sector in each round, and the 
mean of the whole group of the questionnaire. Table 3 
shows that the Cronbach’s alpha values were calculated by 
SPSS software (Laerd Statistics, 2018) fall above 0.9 for 
two rounds. Hence, the panelist’s responses are reliable 
and consistent enough for further analysis (Chan et  al., 
2017). 

Based on the obtained results for the normality and 
reliability tests of the Delphi data and questionnaire, the 
outcomes offer a point of commencement for the descrip-
tive statistical analysis of the Delphi study, presented in 
the next section.

4. The experts’ consensus and data analysis 

The initial stage in this study was intended to analyze the 
closure of the Delphi iterative round and reach consensus 
among the panelists. The settlement of the rounds takes 
place if the desired level of agreement has been reached. 
Nonparametric data requires nonparametric statistical 

 Figure 2. Normality test for the first and second rounds of the Delphi study

Table 3. Cronbach’s alpha for rounds 1 and 2  
of the Delphi study

Cronbach’s 
Alpha (α)

Type of experts (panelists)

Overall Owner Consultant Contractor
Round 1

Factors 0.957 0.952 0.959 0.961
Groups 0.951 0.955 0.947 0.951

Round 2
Factors 0.957 0.943 0.967 0.961
Groups 0.936 0.934 0.933 0.942
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methods to make decisions about terminating the Delphi 
rounds among panelists with iterative rounds (Hallow-
ell & Gambatese, 2010; Ameyaw et  al., 2016). However, 
Ameyaw et al. (2016) conclude that 40 out of 88 papers 
using the Delphi technique reached the desired consen-
sus after two or three rounds. The decision to terminate 
the Delphi round was done based on two methods: the 
inter-group comparison (Spearman’s rank correlation co-
efficient) and measurement of agreement (mode value). 
The statistical methods used in evaluating the inter-group 
agreements between the panelists are standard deviation, 
Kendall’s coefficient of concordance (W), and Chi-square 
(c2). In the third stage, the inter-rater agreement (IRA) 
method was utilized to assess the consensus and correla-
tion strength among the feedback from the panelists. In 
the last stage, the rank sum weight method was utilized 
to rank the COM factors and groups. SPSS Statistics (26) 
was utilized to carry out the analysis. 

4.1. Termination of Delphi round based on the 
inter-group comparison (Spearman’s rank) 

Likert data are normally considered ordinal data in recog-
nized Delphi studies. Hence, Spearman’s rank correlation 
coefficient (r) was used to compare the inter-group cor-
relation (Kalaian & Kasim, 2012; Hon et al., 2012; Gun-
duz & Tehemar, 2020; Gunduz & Elsherbeny, 2020). If the 
calculated coefficient value r is higher than the critical 
value at the significance level (i.e., 0.05), there is a consis-
tency among the panelists’ groups (Ke et al., 2010). This 
test does not require the assumptions of normality or ho-
mogeneity of variance. The closer r is to 1, the greater the 
correlation (r = 1 represents perfect agreement), while r 
near to or less than zero indicates no agreement among 
rankings from the two consecutive rounds (Kalaian & Ka-
sim, 2012). r is given by Eqn (1):
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where: di is the difference between the panelist ranks for 
the “i” factor from two successive rounds; f is the total 

number of factors; a is the total number of panelists in-
volved in the Delphi study.

The critical value of Spearman’s coefficient, at α = 0.05, 
n = 13, is 0.566. The minimum calculated is r = 0.73 for 
the COM factors and r = 0.98 for the COM factor groups, 
which is greater than the critical value of Spearman’s coef-
ficient and is close to 1. Consequently, the relationship is 
significantly strong between the first and second rounds. 
Although the panelists changed their ratings in the second 
round, the correlation is significant. Therefore, the study 
can be terminated after the second round.

4.2. Terminating of the Delphi round based on 
measurement of agreement (the mode value)

Statistical measurement of consensus depends on the cri-
teria assigned to measure the level of consensus. Based on 
the literature, the consensus level differs among research 
papers, and each paper has defined a range for their crite-
ria (Ameyaw et al., 2016). Based on previous studies, the 
criteria established to measure the level of consensus in 
this study are: (1) a mode score of at least 85% of experts’ 
agreement within 3 of the 5 categories of importance (3, 4 
& 5 rates), in comparison to 80% (Gunduz & Elsherbeny, 
2020); (2) a mode value of more than 3.5, in comparison 
to 3.25 or higher (Gunduz & Elsherbeny, 2020); and (3) 
a standard deviation to mean ratio (SDMR) below 30% 
(Hallowell & Gambatese, 2010; Ameyaw et al., 2016; Gun-
duz & Elsherbeny, 2020; Kermanshachi & Safapour, 2019). 
The mode has been chosen over the mean because it better 
reflects the central tendency of the ordinal scale without 
taking into consideration the outliers, and because most 
ratings clustered around only two to three points (El-Sa-
bek & McCabe, 2018). The value of the mode was calculat-
ed as the percentage of a number of selections in a Likert 
scale of 3, 4, and 5 to the overall number of selections for 
each individual factor. The results of the first and second 
rounds are presented in Table 4. 

Accordingly, the panelists agreed on 47 factors (94%) 
in the first round and on 49 factors (99.8%) in the second 
round. Hence, in the first round, a significant consensus 

Table 4. Experts’ rating of the COM factor groups

Round 1 Round 2

Likert Scale Likert Scale

COMF. 
Group Code 1 2 3 4 5 Score 

(%) Mode COMF. 
Group Code 1 2 3 4 5 Score 

(%) Mode

G01 0 0 0 2 11 100 5 G01 0 0 0 1 12 100 5
G02 0 1 5 6 1 92 4 G02 0 0 3 9 1 100 4
G03 0 0 0 6 7 100 5 G03 0 0 0 5 8 100 5
G04 0 0 1 8 4 100 4 G04 0 0 0 6 7 100 5
G05 0 0 0 2 11 100 5 G05 0 0 0 0 13 100 5
G06 0 1 0 4 8 92 5 G06 0 0 0 4 9 100 5
G07 0 1 1 11 0 92 4 G07 0 0 2 11 0 100 4

Note: COMF – Change Orders Management Factor.
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was reached by the respondents, which was further en-
hanced in the second round. Consensus was achieved for 
all groups in both rounds. The expert consensus met the 
second criteria (the mode shall be higher than 3.5) for 
most factors at the end of the first round, with mode val-
ues of 4 and 5 on all factors except G02-03 and G02-04, 
where the mode was only 3. However, the mode values of 
round 2 changed to 4 and 5, respectively, meaning both 
were more than 3.5 and were thus condition values to meet 
the consensus. The respondents suggested that two new 
factors be incorporated into the study (i.e., G01-06 and 
G06-07). Although the percentage of agreement was very 
high in the first round, the second round was continued 
to provide feedback to the respondents and to examine the 
agreement on the additional two factors identified in the 
first round. Moreover, for the COM performance factor 
groups, the first and second criteria for expert consensus 
were met, whereby a mode score of at least 85% of experts’ 
agreement with 3 of the 5 categories of importance for all 
COM factor groups in the first round and 100% expert 
agreement for the second round. The analysis of the third 
criteria (SDMR) will be explained in the next section.

4.3. Standard and absolute deviations

Standard deviation is a vital tool that has been broadly 
adapted to measure consensus in past research (Günhan 
et al., 2007; Gunduz & Elsherbeny, 2020; Kermanshachi 
& Safapour, 2019). As mentioned earlier, several research-
ers utilize SDMR, and less than 30% is considered accept-
able (Hallowell & Gambatese, 2010; Ameyaw et al., 2016; 
Gunduz & Elsherbeny, 2020; Kermanshachi & Safapour, 
2019). The main advantage of this method is its ability to 
capture the variance among the opinions of experts. Con-
sequently, this method is more conservative than other 
methods. Table 5 shows the agreement based on an SDMR 
percentage of 30%. 

The agreement was reached for all but 6 factors (G02-01,  
G02-02, G02-03, G02-04, G02-06 and G07-01) in the first 

round, while agreement was reached for all factors in the 
second round, thus meeting the third criteria. Moreover, 
for the COM factor groups, agreement was reached in the 
first round and was enhanced in the second round. There-
fore, the Delphi study was terminated based on the results 
of the second round and the significant consensus among 
the Delphi panelists.

4.4. Kendall’s coefficient of concordance

The coefficient of concordance (W) is another method 
utilized to examine the level of concordance (consensus) 
between the involved parties (Hon et al., 2012; Gunduz & 
Elsherbeny, 2020; Kermanshachi & Safapour, 2019). It is 
suitable for ordinal data collected from a Likert scale (Co-
hen et al., 2018). The consensus level between the panelists 
is assessed according to the variances among the mean 
scores for the different factors (Hon et  al., 2012). A W 
value one of 1 indicates perfect consensus. In practice, the 
W value should increase in succeeding rounds. Accord-
ing to Hon et  al. (2012), the W range is 0.234 to 0.600, 
and Chan et  al. (2017) recommend not using Kendall’s 
W if the number of subjects is fewer than seven, when 
Chi-Square analysis should be used instead. The null test-
ing hypothesis for Kendall’s coefficient of this study is H0: 
Panelists’ rankings are not correlated; the alternative hy-
pothesis is H1: Panelists rankings are correlated.

If the p-value, the null hypothesis is rejected and there 
is a correlation among the panelists’ rankings. Alternative-
ly, if the p-value >0.05, then the null hypothesis cannot 
be rejected. Table 5 shows the descriptive statistical test 
results for the COM factors and COM factor groups for 
rounds 1 and 2.

In Table 5, the first-round shows values of W rang-
ing from 0.411 to 0.497, and the overall W is 0.411. The 
second round shows higher W values, ranging from 0.544 
to 0.670 with an overall W of 0.544. Hence, the results 
of the second-round meet Hon’s criteria, and there is a 
significant improvement in the consensus among experts. 

Table 5. Measurement of consensus for COM factors and groups based on SDMR – Rounds 1 and 2

Round 1 Round 2

COM Factor 
Code Mean (M) Standard 

Deviation (SD) SD/Mean (%) COM Factor 
Code Mean (M) Standard 

Deviation (SD) SD/Mean (%)

COM Factors
G01-01 4.77 0.44 9.19 G01-01 5.00 0.00 0.00
G01-02 4.54 0.78 17.10 G01-02 4.15 0.38 9.04
G01-03 3.69 0.75 20.34 G01-03 3.46 0.88 25.34
G01-04 3.54 0.78 21.94 G01-04 4.00 0.00 0.00
G01-05 4.46 0.78 17.40 G01-05 4.23 0.44 10.37
G01-06 – – – G01-06 4.08 0.28 6.80
G02-01 3.23 1.17 36.08 G02-01 4.00 0.00 0.00
G02-02 3.46 1.05 30.33 G02-02 4.00 0.00 0.00
G02-03 3.08 1.04 33.73 G02-03 4.00 0.00 0.00
G02-04 3.08 1.12 36.24 G02-04 4.00 0.00 0.00
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Round 1 Round 2

COM Factor 
Code Mean (M) Standard 

Deviation (SD) SD/Mean (%) COM Factor 
Code Mean (M) Standard 

Deviation (SD) SD/Mean (%)

G02-05 4.23 1.17 27.55 G02-05 4.00 0.00 0.00
G02-06 3.69 1.18 32.02 G02-06 4.00 0.00 0.00
G02-07 4.54 0.88 19.33 G02-07 5.00 0.00 0.00
G02-08 3.85 0.99 25.66 G02-08 4.00 0.00 0.00
G02-09 4.31 0.75 17.44 G02-09 5.00 0.00 0.00
G02-10 3.54 0.97 27.34 G02-10 4.31 0.85 19.84
G03-01 4.77 0.44 9.19 G03-01 5.00 0.00 0.00
G03-02 4.92 0.28 5.63 G03-02 5.00 0.00 0.00
G03-03 3.92 0.86 21.98 G03-03 4.00 0.00 0.00
G03-04 4.54 0.52 11.43 G03-04 5.00 0.00 0.00
G03-05 4.15 0.69 16.58 G03-05 4.00 0.00 0.00
G03-06 4.15 0.90 21.64 G03-06 4.00 0.00 0.00
G03-07 3.85 0.69 17.91 G03-07 4.00 0.00 0.00
G04-01 4.00 0.82 20.41 G04-01 4.23 0.44 10.37
G04-02 4.23 0.73 17.14 G04-02 4.31 0.48 11.15
G04-03 4.00 0.41 10.21 G04-03 4.08 0.28 6.80
G04-04 4.62 0.51 10.97 G04-04 4.62 0.51 10.97
G04-05 4.31 0.48 11.15 G04-05 4.31 0.48 11.15
G05-01 4.77 0.60 12.56 G05-01 4.85 0.38 7.75
G05-02 4.69 0.63 13.44 G05-02 4.77 0.44 9.19
G05-03 4.92 0.28 5.63 G05-03 4.92 0.28 5.63
G05-04 4.46 0.52 11.63 G05-04 4.46 0.52 11.63
G05-05 4.15 0.55 13.35 G05-05 4.15 0.55 13.35
G05-06 4.77 0.44 9.19 G05-06 4.77 0.44 9.19
G05-07 4.15 0.69 16.58 G05-07 4.23 0.60 14.16
G05-08 4.77 0.44 9.19 G05-08 4.77 0.44 9.19
G05-09 4.85 0.38 7.75 G05-09 4.85 0.38 7.75
G05-10 4.31 0.63 14.63 G05-10 4.31 0.63 14.63
G06-01 4.46 0.78 17.40 G06-01 4.62 0.51 10.97
G06-02 3.85 0.80 20.82 G06-02 4.00 0.58 14.43
G06-03 4.46 0.78 17.40 G06-03 4.62 0.51 10.97
G06-04 4.08 0.86 21.15 G06-04 4.23 0.60 14.16
G06-05 3.77 1.09 28.97 G06-05 4.15 0.69 16.58
G06-06 4.46 0.66 14.80 G06-06 4.54 0.52 11.43
G06-07 – – – G06-07 4.31 0.48 11.15
G07-01 4.00 1.22 30.62 G07-01 4.38 0.77 17.51
G07-02 3.77 0.93 24.59 G07-02 4.08 0.49 12.11
G07-03 3.62 0.87 24.06 G07-03 4.00 0.41 10.21
G07-04 3.15 0.80 25.39 G07-04 3.38 0.77 22.69

COM Factor Groups
G01 4.85 0.38 7.75 G01 4.92 0.28 5.63
G02 3.54 0.78 21.94 G02 3.85 0.55 14.42
G03 4.54 0.52 11.43 G03 4.62 0.51 10.97
G04 4.23 0.60 14.16 G04 4.54 0.52 11.43
G05 4.85 0.38 7.75 G05 5.00 0.00 0.00
G06 4.46 0.88 19.66 G06 4.69 0.48 10.24
G07 3.77 0.60 15.90 G07 3.85 0.38 9.76

End of  Table 5



Journal of Civil Engineering and Management, 2022, 28(7): 564–589 579

The p-value is less than 0.05 except among the panelists in 
the “owner” category. In the second round, the p-value is 
less than 0.05 for all experts’ classifications, including the 
overall panel experts. Thus, the null hypothesis is rejected, 
and the panelists’ rankings are related to each other. The 
analysis concludes that the consensus among participants 
is significant. The first round presents values of W that are 
ranging from 0.511 to 0.967, and the overall W is 0.549. 
Meanwhile, the second round shows an improvement in 
the values (range 0.634 to 1.00) and the overall value of W 
is 0.634. The outcomes of the second round are significant 
and match the Hon’s results and criteria. Moreover, there 
is a significant improvement in the p-value; in the first 
round, it is more than 0.05 for the consultant and owner 
subgroups. In the second round, all p-values are lower 
than 0.05; consequently, the null hypothesis is rejected. 
The researchers conclude that the panelists’ rankings are 
related to each other and that the consensus among them 
is significant.

4.5. Chi-square analysis

Chi-square (c2) analysis is used to assess the consistency in 
the experts’ rankings. As recommended by Ameyaw et al. 
(2016) and Chan et al. (2017), c2 should be implemented 
if the number of factors is greater than seven. A level of 
consensus among the panelists is reached if the calculated 
Chi-square value is greater than the critical Chi-square 
value from the Chi distribution table corresponding to the 
same degree of freedom at a level of significance of 0.05 
(Hon et al., 2012; Ameyaw et al., 2016; Chan et al., 2017; 
Gunduz & Elsherbeny, 2020). Hence, the null hypothesis 
for this study is H0: panelists’ rankings do not correlate 
with each other. The alternative hypothesis is H1: panelists’ 
rankings correlate with each other.

The results of the statistical tests can be seen in Table 6. 
Table 6 shows that the critical Chi-square values are 

12.59, 62.804, and 65.152 for the degrees of freedom of 
6, 46, and 48, respectively, at 95% confidence intervals. 

Table 6. Statistical test results for COM factors and groups – Rounds 1 and 2

COM Factors COM Factor Groups

Statistical 
Analysis   Expert Profession Statistical 

Analysis   Expert Profession

  Overall Owner Consultant Contractor   Overall Owner Consultant Contractor

Round 1 Round 1
Number of 
experts 
(n)

13 2 3 8
Number of 

experts 
(n)

13 2 3 8

Spearman’s 
Coefficient 
(r)

0.93 0.98 0.91 0.88
Spearman’s 
Coefficient 

(r)
1 1 1 0.99

Kendell’s 
Coefficient (W) 0.411 0.459 0.497 0.455 Kendell’s 

Coefficient (W) 0.549 0.967 0.511 0.683

Chi-Square 
(c2) 245.753 52.548 68.605 167.315 Chi-Square 

(c2) 42.83 11.60 9.21 32.77

Degree of 
Freedom 
(df)

46 46 46 46
Degree of 
Freedom 

(df)
6 6 6 6

P-Value 0 0.053 0.047 0 P-Value 0.000 0.062 0.053 0.000
Round 2 Round 2

Number of 
experts 
(n)

13 2 3 8
Number of 

experts 
(n)

13 2 3 8

Spearman’s 
Coefficient 
(r)

0.99 1 0.99 0.98
Spearman’s 
Coefficient 

(r)
1 1 1 0.99

Kendell’s 
Coefficient (W) 0.544 0.588 0.670 0.602 Kendell’s 

Coefficient (W) 0.634 1.000 0.763 0.686

Chi-Square 
(c2) 339.67 65.49 96.53 231.13 Chi-Square 

(c2) 49.43 13.65 13.73 32.92

Degree of 
Freedom 
(df)

48 48 48 48
Degree of 
Freedom 

(df)
6 6 6 6

P-Value 0 0.015 0 0 P-Value 0.000 0.000 0.016 0.000
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The calculated Chi-square values as shown in Table 6 are 
greater than the critical values, except for the owner cat-
egory in round one. In round two, the Chi-square values 
increased, and all calculated values are larger than the crit-
ical value. Moreover, the Chi-square values for the overall 
factors are larger than the critical value in both rounds. 
Therefore, the null hypothesis is rejected and there is a 
significant association between the experts’ rankings at the 
0.05 significance level. Furthermore, the calculated Chi-
square value for the COM factor groups is greater than the 
critical value, except for the owner and consultant expert 
categories in round one. Again, in round two, the Chi-
square values increased, and all calculated values are larg-
er than the critical values. Therefore, the null hypothesis is 
rejected and there is a significant association between the 
expert rankings at the 0.05 significance level.

4.6. Assessment of correlation  
and consensus strength

Brown and Hauenstein (2005) proposed the use of the 
inter-rater agreement (IRA) approach to measure the 
strength of consensus among the participants. This method 
has been utilized by many researchers (Brown & Hauen-
stein, 2005; LeBreton & Senter, 2008; Gunduz & Elsher-
beny, 2020). The use of IRA can eliminate the impacts of 
sample size, scale, and participant number compared to 
other methods. The agreement index (Ag) interprets the 
agreement in terms of the ratio of the observed variance of 
the ranking set to the variance of a uniform distribution. 
Brown and Hauenstein (2005) present Ag to measure of 
agreement index, as shown in Eqn (2):
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where: SD – item standard deviation; H – highest ranking 
value (in this paper, it is 5); L – lowest ranking value (in 
this paper, it is 1); M – mean value of the rankings for a 
single item; n – number of panelists in the Delphi round.

Brown and Hauenstein (2005) established the follow-
ing interpretation of IRA values: values between 0.00 and 
0.30 indicate “lack of agreement”; between 0.31 and 0.50 
indicate “weak agreement”; between 0.51 and 0.70 indicate 
“moderate agreement”; between 0.71 and 0.90 indicate 
“strong agreement”; and between 0.91 and 1.00 indicate 
“very strong agreement”. Negative values indicate equiva-
lent strengths of disagreement.

Zahoor et al. (2017) suggest establishing the mean in-
tervals scale as follows: mean scores of less than 1.5 indi-
cate that an item is “not important at all”; scores between 
1.51 and 2.50 indicate it is “slightly important”; between 
and 2.51 and 3.50 indicate it is “moderately important”; 
between 3.51 and 4.50 indicate it is “very important”; and 
scores above 4.5 indicate it is “extremely important”. In 
the present study, the IRA technique was used to evaluate 
the strength of the consensus in the second round and to 
validate the other test statistics, as shown in Table 7 for the 
COM factors and groups.

For the COM factors, the Ag value ranges from 0.53 
to 1.00, except for factor G07-01. Therefore, the agree-
ment percentage after the second round is more than 
98%, which is significant and supports the results of the 
consensus analysis. Moreover, the importance level is ei-
ther extremely important or very important for all but two 
factors. This reflects the importance of these factors for 
COM performance. For the COM factor groups, the Ag 
value range is the same as for the factors, namely from 
0.53 to 1.00. The consensus strength is significant with a 
100% agreement level, and all groups are at the extremely 
important or very important level. The outcomes of the 
IRA study support the level of agreement results by the 
mode values, mean scores, concordance coefficient, and 
Chi-square analysis, and the data are reliable for further 
analysis.

4.7. Rank sum weight analysis

Kermanshachi and Safapour (2019) argue that the signifi-
cance criteria for weighting an analysis are divided into 
two: (1) quality of the descriptive statistics and (2) clarity 
of the results. The application of the sum weights method 
was conducted based on verifications and proofs as a typi-
cal prediction tool and a better method than regression 
weights. Moreover, according to their study, this tool re-
ceives the highest Kendell’s coefficient (W) of close to one. 
Rank sum weighting normalizes the rank’s weight for each 
factor. A factor’s weight is determined by the ratio of each 
rank to the sum of the total ranking scores. Hence, the 
ranking of the factor can be determined using the aggre-
gated factor weight. In this respect, each factor’s ranking 
is calculated based on the total sum scores using Eqn (3):
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where: Fi – factor’s ranking score collected from each ex-
pert (1 to 5); N – number of experts involved in the study; 
n – number of factors; and STFn – sum of ranking scores 
assigned to each factor.

Next, Wtn is the weighting’s score for each factor and 
is calculated by dividing each sum of ranking score by the 
sum of all factors’ scores, as in Eqn (4):
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n

S
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where: ST – the sum of all factors’ scores. 
Table 8 shows the weight scores and rankings for the 

49 COM factors and groups after the second round of this 
study.

Although the ranking weights are different between 
the different factors and groups, these differences are mi-
nor and not significant. Factors G01-01, G02-07, G02-09, 
G03-01, G03-02, and G03-04 have the highest weights 
among individual factors, and COM factor group G05 has 
the highest weight among factor groups.
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Table 7. Strength of agreement in the second round for the COM factors and groups

Factor Mean 
(M)

Standard 
Deviation 

(SD)
Ag  Consensus Importance 

Level Factor Mean 
(M)

Standard 
Deviation 

(SD)
Ag  Consensus Importance 

Level

G01-01 5 0 1 V.S.A. E.I. G05-01 4.85 0.38 0.56 M.A. E.I.
G01-02 4.15 0.38 0.9 S.A. V.I. G05-02 4.77 0.44 0.59 M.A. E.I.
G01-03 3.46 0.88 0.63 M.A. M.I. G05-03 4.92 0.28 0.53 M.A. E.I.
G01-04 4 0 1 V.S.A. V.I. G05-04 4.46 0.52 0.73 S.A. V.I.
G01-05 4.23 0.44 0.86 S.A. V.I. G05-05 4.15 0.55 0.79 S.A. V.I.
G01-06 4.08 0.28 0.95 V.S.A. V.I. G05-06 4.77 0.44 0.59 M.A. E.I.
G02-01 4 0 1 V.S.A. V.I. G05-07 4.23 0.6 0.73 S.A. V.I.
G02-02 4 0 1 V.S.A. V.I. G05-08 4.77 0.44 0.59 M.A. E.I.
G02-03 4 0 1 V.S.A. V.I. G05-09 4.85 0.38 0.56 M.A. E.I.
G02-04 4 0 1 V.S.A. V.I. G05-10 4.31 0.63 0.68 M.A. V.I.
G02-05 4 0 1 V.S.A. V.I. G06-01 4.62 0.51 0.66 M.A. E.I.
G02-06 4 0 1 V.S.A. V.I. G06-02 4 0.58 0.79 S.A. V.I.
G02-07 5 0 1 V.S.A. E.I. G06-03 4.62 0.51 0.66 M.A. E.I.
G02-08 4 0 1 V.S.A. V.I. G06-04 4.23 0.6 0.73 S.A. V.I.
G02-09 5 0 1 V.S.A. E.I. G06-05 4.15 0.69 0.67 M.A. V.I.
G02-10 4.31 0.65 0.66 M.A. V.I. G06-06 4.54 0.52 0.7 M.A. E.I.
G03-01 5 0 1 V.S.A. E.I. G06-07 4.31 0.48 0.81 S.A. V.I.
G03-02 5 0 1 V.S.A. E.I. G07-01 4.38 0.77 0.48 W.A. V.I.
G03-03 4 0 1 V.S.A. V.I. G07-02 4.08 0.49 0.84 S.A. V.I.
G03-04 5 0 1 V.S.A. E.I. G07-03 4 0.41 0.9 V.S.A. V.I.
G03-05 4 0 1 V.S.A. V.I. G07-04 3.38 0.77 0.72 S.A. M.I.
G03-06 4 0 1 V.S.A. V.I. COM Factor Groups
G03-07 4 0 1 V.S.A. V.I. G01 4.92 0.28 0.93 V.S.A E.I. 
G04-01 4.23 0.44 0.86 S.A. V.I. G02 3.85 0.55 0.53 M.A. V.I.
G04-02 4.31 0.48 0.81 S.A. V.I. G03 4.62 0.51 0.76 S.A. E.I. 
G04-03 4.08 0.28 0.95 V.S.A. V.I. G04 4.54 0.52 0.7 M.A. E.I. 
G04-04 4.62 0.51 0.66 M.A. E.I. G05 5 0 1 V.S.A. E.I. 
G04-05 4.31 0.48 0.81 S.A. V.I. G06 4.69 0.48 0.73 S.A. E.I. 

  G07 3.85 0.38 0.62 M.A. V.I.

Note: W.A.  – Weak Agreement; M.A.  – Moderate Agreement; S.A.  – Strong Agreement; V.S.A.  – Very Strong Agreement; M.I.  – 
Moderately Important; V.I. – Very Important; E.I. – Extremely Important.

Table 8. Sum weights ranking for the COM factors and groups (second round)

Factor Wt
Sum Weight 

Ranking Factor  Wt
Sum Weight 

Ranking Factor  Wt
Sum Weight 

Ranking
G01-01 0.024 1 G03-04 0.024 1 G06-01 0.022 13
G01-02 0.02 28 G03-05 0.019 34 G06-02 0.019 34
G01-03 0.016 48 G03-06 0.019 34 G06-03 0.022 13
G01-04 0.019 34 G03-07 0.019 34 G06-04 0.02 24
G01-05 0.02 24 G04-01 0.02 24 G06-05 0.02 28
G01-06 0.019 31 G04-02 0.02 19 G06-06 0.021 16
G02-01 0.019 34 G04-03 0.019 31 G06-07 0.02 19
G02-02 0.019 34 G04-04 0.022 13 G07-01 0.021 18
G02-03 0.019 34 G04-05 0.02 19 G07-02 0.019 31
G02-04 0.019 34 G05-01 0.023 8 G07-03 0.019 34
G02-05 0.019 34 G05-02 0.022 10 G07-04 0.016 49
G02-06 0.019 34 G05-03 0.023 7 COM Factor Groups
G02-07 0.024 1 G05-04 0.021 17 G01 0.156 2
G02-08 0.019 34 G05-05 0.02 28 G02 0.122 6
G02-09 0.024 1 G05-06 0.022 10 G03 0.147 4
G02-10 0.02 19 G05-07 0.02 24 G04 0.144 5
G03-01 0.024 1 G05-08 0.022 10 G05 0.159 1
G03-02 0.024 1 G05-09 0.023 8 G06 0.149 3
G03-03 0.019 34 G05-10 0.02 19 G07 0.122 6
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5. Discussion of results 

The collected data was analyzed according to Spearman 
rank-order correlation, score percentage, and mean to 
standard deviation ratio; after round two, the results are 
significant and meet the criteria established in existing lit-
erature (Hallowell & Gambatese, 2010; Kalaian & Kasim, 
2012; Ameyaw et al., 2016; Gunduz & Elsherbeny, 2020; 
Kermanshachi et al., 2020). The ranking of the factors and 
the consensus among the experts were examined through 
simple mode scoring, mean scoring, Kendall’s concord-
ance coefficient, and a Chi-Square test, which also met 
the requirements for significance (Alomari et  al., 2018; 
Dupras et al., 2020). The agreement strength was meas-
ured through the IRA indicator (Mansour et  al., 2022), 
as shown in Table 6, and a significant level of agreement 
is found, and all groups are at the extremely important or 
very important level and inline with previous literature’ 
result (Gunduz & Elsherbeny, 2020). According to PMI, 
process groups shall be well-defined and well-structured 
in order to facilitate the monitoring and tracking the per-
formance activities by project team through the construc-
tion project lifecycle. Sorting COM factors into process 
groups furnish the ability to obtain a successful each phase 
of a construction project (PMI, 2016). Hence, COM per-
formance factors were categorized into project manage-
ment process group to develop a tracking phase-check-
lists between process groups, forces the workflow into a 
pace where the status of COM performance checklists are 
regularly occurred and monitored (Gunduz & Elsherbeny, 
2021). Forty-nine COM performance factors were identi-
fied and categorized into 7 project management process 
groups through a comprehensive literature and profes-
sional experts’ viewport as structure for an operational 
support system elements to evaluate the COM perform-
ance in the construction industry. 

The most vital COM process groups, classified as “Ex-
tremely Important” with a consensus of strong or mod-
erate agreement between the Delphi participants, are 
G01 – Design Management; G03 – Documentation Man-
agement; G04  – Financial Management; G05  – Dispute 
Resolution Management; and G06 – Communication and 
Relationship Management. The factors of these groups are 
tools to drive, manage, and control the change orders in 
each phase of the construction projects as a support sys-
tem framework to evaluate the COM performance in each 
project phase (Shipton et al., 2014). This emphasizes that 
change orders are inevitable and should be managed ahead 
to minimize the potential impact of these orders (Khala-
fallah & Shalaby, 2019; Khoso et al., 2019). The research 
results clearly reveal that COM factors vary throughout the 
project dynamic phases (Kermanshachi et al., 2018). The 
authors attribute the significance of any process group to 
its own importance, the factors associated with the group, 
and its impact on other groups as well. The outcomes of 
the strength of agreement in the second round for the 
COM factors and groups in Table 7 furnish the strategic 
and operational support system goals in the context of the 

main project COM governance guides and management 
activities. The factors established for the design and docu-
mentation management groups give the competence of the 
COM to apply the administrative procedures to control 
the project. The significant importance of the design and 
documentation process groups are related to three main 
objectives: defining the strategic project challenges ear-
ly on; initiating project management; and implementing 
corrective and mitigation measures (Han et  al., 2012). 
The strategic issues include well-defined project’s scope of 
work, establishment of a project management plan, own-
er’s involvement during planning and design phases, and 
sufficient stipulated time for design at the early stage of 
project (Palaneeswaran et al., 2014). Documentation and 
record management is another principal responsibility of 
the COM. The COM parties discharge the obligations of 
the project team through a formal documentation and re-
cording system. The system includes, but is not limited to, 
change order document and amendments; quality control 
records (material and vendor submittals, shop drawings, 
approvals, and inspection requests); site records; progress 
and status reports; completion records (as-built drawings, 
completion certificates, final account, and snags); contrac-
tual notifications (claims, notifications, and evaluations); 
financial records (payment certificates and variations); 
meetings; and other correspondences (Gunduz & Elsher-
beny, 2020, 2021). Moreover, this study reveals that the 
Dispute Resolution Management group contains the most 
critical COM factors. Change orders are potential sources 
of contractual problems and disputes in the construc-
tion industry. The literature reveals that disputes occur 
throughout the project phases and that there are various 
identified causes of disputes. Consequently, the occur-
rence of disputes between project parties can be mitigated 
and prevented through management of the relevant fac-
tors, such as by conducting regular meetings between con-
tracting parties to discuss changes, ensuring early involve-
ment of key stakeholders, prompt and accurate responses 
to contractor queries, effective management of operational 
issues at the field level, proper identification of the work 
breakdown structure (WBS) and proper orientation about 
the contractual issues provided to the field team (Alleman 
et al., 2020; Luo et al., 2020).

The results indicate that these performance factors 
have a significant effect on COM throughout project op-
erations (Wuni & Shen, 2020). This suggests that it is vital 
for project leaders and managers to establish a COM sup-
port system and follow the administration and implemen-
tation of this system throughout all phases of the project 
(Hwang et al., 2018; Wuni & Shen, 2020). Furthermore, 
project teams must concentrate on COM performance fac-
tors and support the project COM leader to achieve the 
identified objectives. Poor COM would be avoided by the 
appropriate and efficient execution of each process group 
through a qualified team acting to achieve the project’s 
goals. Hence, developing an operational support system 
framework will point out the weaknesses of COM perform-
ance and guide the construction practitioners to reduce or 
eliminate the impact of the poor COM (Zuo et al., 2018). 
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6. An Operational Support System  
Framework for COM (COM-OSSF)

The proposed COM-OSSF is based on the consensus of 
construction experts on the 49 contributory factors affect-
ing the performance of COM. Figure 3 shows the proposed 
Operational Support System Framework (COM-OSSF) 
that illustrates the seven COM process groups through-
out the project life cycle. Based on sum weights ranking 
for the COM factors and process groups, the COM-OSSF 
is divided into two COM group factors, the Main Perfor-
mance Process Groups (MPPG) and the Subsidiary Per-
formance Process Groups (SPPG), consisting of all perfor-
mance factors developed following the Delphi study. The 
MPPG include design, dispute resolution, communication 
and relationships, and documentation management. The 
SPPG include financial, quality, and procurement manage-
ment. The developed framework demonstrates the process 
of assessing and evaluating the performance of COM. The 
COM-OSSF consists of four main components address-
ing the full life cycle of change order management: SPPG, 
MPPG, Process of Change Order, and COM performance. 
There is a strong correlation and interaction between these 
four components and overall COM performance. Each 
component process comprises collaborative effort and can 

be implemented in one or more project life cycle phases. 
Operationally, the process presented in Figure 3 consists 
of dynamic and interrelated factors and cannot be isolated 
from each other, thereby requiring integrated teamwork 
rather than individual effort. Industry professionals can 
reduce the COM concerns in several ways and may see 
numerous benefits from utilizing the proposed framework. 
The COM-OSSF can be applied as both a quantitative and 
a qualitative approach. As a qualitative approach, the proj-
ect management team can apply the proposed framework 
as a guideline to establish control policies for implemen-
tation of MPG to assess COM performance. The model 
can guide continual enhancement practice and provide 
early warning of underperforming practices which may 
require improvement efforts. As a quantitative approach, 
the COM-OSSF can be used by a project management 
team as a way to measure performance. The values cal-
culated using this framework can be utilized to quantify 
overall COM performance to express the linguistic scale. 
Dispute resolution management was ranked as the most 
significant factor in our analysis; accordingly, in Figure 4  
an Operational Dispute Prevention Guideline (ODPG) 
is developed and introduced to support the COM-OSSF 
based on dispute management performance factors.

*Note: SPPG is Subsidiary Performance Process Group; MPPG is Main Performance Process Group
Figure 3. Operational Support System Framework (OSSF)

Figure 4. Operational Dispute Prevention Guideline (ODPG)
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The first step of the ODPG is understanding the con-
tract’s requirements and verifying the sufficiency of the 
contract documents for COM. Each project has a unique 
COM; thus, each project team has to understand the re-
quirements of their unique contract and comply with the 
COM procedure as incorporated in that contract. The 
second step is nominating and assigning a COM coordin-
ator from each main construction party at the commence-
ment of the project and construction works. The coordin-
ator should regularly monitor the project status and have 
extensive experience and knowledge of COM. Having a 
COM coordinator will be advantageous for all project par-
ties and will promote the development of a harmonious re-
lationship between the parties to facilitate the implemen-
tation of efficient and effective COM performance factors. 
The third step is planning, identifying, and preparing for 
project change orders. The main objective of this step is 
to be proactive and preventive rather than relying on re-
sponsive action. Frequent meetings to plan, recognize, and 
prepare for anticipated change orders in the project is the 
most challenging step in COM, but it will eliminate delays 
in the schedule and avoid expensive disputes. Moreover, 
preparing inclusive change order documents will increase 
the quality of the prepared records. This exercise reflects 
the criticality and importance of invested time while com-
piling a comprehensive and well-defined change order to 
avoid revisions and time loss. The fourth step is effective 
negotiation and finalization of the change order request 
between owner and contractor within the timeframe. 
Change orders that continue without progress or mon-
itoring will become costly at a later stage. These four steps 
comprise the core of the ODPG, which can enhance the 
COM performance factors to achieve a successful project.

6.1. Model validation

As validation, the proposed framework was examined on 
one ongoing project in Qatar. Qatar utilizes the FIDIC 
Red Book remains the contract of preference (Gunduz & 
Elsherbeny, 2020). Therefore, based on the literature, there 
is not much difference between the general conditions of 
contracts in Qatar and the FIDIC Red Book. Therefore, the 
validation of the research output through the Qatari proj-
ects validates the model for other international projects 
as well. The framework was tested on a real infrastruc-
ture project in State of Qatar, comprising the installation, 
testing, and commissioning of underground mechanical 
and electrical utilities. The project’s contract value was 750 
million US dollars. As of the time of writing, the project 
has completed its construction phase and is under testing 
in preparation for the commissioning phase. Two meet-
ings with the project management team were conducted in 
which they were asked to evaluate and assess the project’s 
COM performance. Each performance factor was assessed 
by the project team on a scale from 0 to 100. The partici-
pants were asked to assign a performance value accord-
ing to the following interpretation: Very Poor indicates a 
score between 0 and 20; Poor indicates between 21 and 

40; Moderate indicates between 41 and 60; Good indicates 
between 61 and 79; and Very Good indicates between 80 
and 100. Operational Support System Framework (OSSF) 
was circulated to the project team as an audit tool for 
check implementation. After three months of introducing 
OSSF, participants recorded the degree of implementation 
for each key factor with evidence. Also, the participants 
identified the factors that were “not applicable” and/or that 
“cannot be measured.” Participants admitted the frame-
work benefit to track the degree of implementation for ex-
isting activities of COM in construction project. Further-
more, they admitted it was enhanced the knowledge and 
improved the concept of COM between the construction 
team. Based on the participants’ input score for COM per-
formance factors, and the weight outputs for each factor 
and process group though sum weight ranking analysis, 
the evaluation score output for the process groups are pre-
sented in Table 9.

Table 9. Evaluation outputs for process group

Process Group 
No. 

Performance 
Value

Interpretation of 
Performance Value

GF01 80 Very good
GF02 78 Good
GF03 81 Very good
GF04 60 Moderate
GF05 71 Good
GF06 88 Very good
GF07 75 Good

As validated, COM framework supports the construc-
tion team practitioners to ensure that the COM delivers 
the successful project objectives. Using COM framework 
in different ways will deliver a reliable tool that will sup-
port and increase operational efficiency and effectiveness, 
minimize contractual problems, improve project control, 
and trace staff performance at the successive project life 
phases through improved compliance, awareness, visibil-
ity, monitoring, and control over the COM performance 
actions. Hence, the construction project management 
shall pay attention on these critical COM factors to de-
crease disputes that may be developed due to improper 
performance of those factors. 

Conclusions 

Effectively managing change orders can facilitate the de-
livery of a successful project and prevent disputes among 
the project parties. Based on the comprehensive literature 
review, it was ascertained that so far, no study has de-
veloped a systematic and an operational support system 
framework based on the comprehensive key and critical 
factors on COM though applying the qualitative Delphi 
technique. Hence, this study contributes to the existing 
knowledge by introducing a COM performance measure-
ment framework to support construction professionals 
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successfully evaluate, track, control, and manage COM 
performance. 49 COM factors were determined and clas-
sified into seven project management process groups 
through a comprehensive literature review, Delphi study, 
and face-to-face interviews with professional experts. 

Initially, the data demonstrated the applicability of 
nonparametric analysis following normality and reliability 
tests. Subsequently, the data were analyzed through Spear-
man rank-order correlation, score percentage, and mean 
to standard deviation ratio. The outcomes were significant 
and met the required criteria. The COM factors’ ranking 
and consensus were then examined through simple mode 
scoring, mean scoring, ranking, concordance coefficient 
(W), and Chi-Square test (c2). After the second round, 
the results met al. the required criteria. In the third stage, 
the Delphi study results were followed by measurement of 
the agreement strength through the IRA indicator, which 
was found to be significant with all factor groups at the 
extremely important or very important level. Finally, the 
factors were ranked using the sum rank weighting method 
to identify the relevant weights for each COM factor and 
group. The results show that the management of the dis-
pute resolution, design, documentation; and communica-
tion groups have the highest ranking and are thus consid-
ered as the main performance process groups (MPPG). 
Meanwhile, the financial, procurement, and quality man-
agement groups have a lower ranking and are considered 
the subsidiary performance process groups (SPPG). 

These results were used to develop an Operational Sup-
port System Framework (COM-OSSF) as a support system 
to assess the performance of COM. The COM-OSSF is a 
dynamic support model with their factors provides an op-
portunity to utilize the model as a qualitative and a quan-
titative throughout a project to assess the implementation 
of performance factors, thereby helping practitioners to 
control and manage change orders, prioritize their re-
sources, and direct their work attention to achieving sig-
nificant project performance. Hence, this model will assist 
project managers and industry professionals in delivering 
a successful project on time and on budget.

Based on the Delphi outcomes and sum weight rank-
ing, the dispute resolution management group obtains the 
highest score. Therefore, an Operational Dispute Preven-
tion Guideline (ODPG) was extracted from the frame-
work as an operational execution tool to control and mon-
itor change orders, enhance the awareness of the COM 
factors, and reduce and eliminate disputes between the 
project parties. The guideline is divided into four crucial 
steps, which can be implemented as a dispute avoidance 
structure. Moreover, partnering and alliance strategies can 
be utilized as strategic collaboration policies to manage 
change orders. 

Validation of an Operational Support System Frame-
work (COM-OSSF) on a real case study for ongoing con-
struction project demonstrates the robustness and reliabil-
ity of the framework as a technique that will support and 
increase operational efficiency and effectiveness. Further-

more, COM-OSSF will minimize contractual problems, 
improve project control, and trace staff performance at 
the successive project life phases.

Despite the significant amount of data reported and 
valuable findings, this study has limitations that can be 
addressed in future work. These are primarily the result 
of using subjective data as the basis for analysis. Future 
studies for the existing COM-OSSF model should also be 
extended through development of an assessment perfor-
mance framework and identification of the latent relation-
ships using fuzzy structural equation modeling. This will 
allow for the development of a more robust model and 
pave the way for quantifying the COM performance index 
for any construction project. This would allow broader 
conclusions to be drawn about the performance of each 
COM factor using actual field data from current construc-
tion projects.

Research implications and future 
recommendation

In conclusion, there are significant implications from the 
results obtained. The authors draw the attention of the 
project management team to the significant support sys-
tem for enhancing the COM process throughout the proj-
ect life cycle. Furthermore, the authors recommend that 
the support system of COM framework establish further 
practical and reasonable performance indicators that will 
allow project management parties to monitor overall proj-
ect success and develop action plans and strategic policies 
for underperforming areas. The practical implementation 
of the COM-OSSF assessment model in construction proj-
ect demonstrates that there is a drawback in managing the 
change order risks. Thus, it is recommended to restructure 
the risk management activities against the poor perfor-
mance on COM. Furthermore, client, project management 
team, consultant might increase the number of qualified 
staff in order to support COM policies and reduce poor 
COM-related risk effectively. The proposed support sys-
tem model’s findings are intended to help industry prac-
titioners’ benchmark COM success and increase the pos-
sibility of introducing a proper COM process in their 
projects. Furthermore, it is anticipated that the effects 
of adopting the proposed COM-OSSF evaluation model 
would result in the launch of development projects within 
COM administrations to enhance low-performing areas 
within COM process groups. Implementing those factors 
is necessary since they address the fundamental construc-
tion COM tasks for the majority of conventional construc-
tion projects. While identification of key factors and de-
veloping the COM-OSSF, the authors consider all type of 
projects (buildings, infrastructure, industry, etc.) and all 
construction practitioners’ viewpoint (i.e., clients, project 
management team, consultants, contractors). Hence, the 
developed framework is comprehensive, systematic and 
operational; serves and applicable for all type of projects 
and all construction parties; and can be utilized to moni-
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tor and control the implementation of COM performance 
factors. The proposed framework would enhance the re-
searchers and construction practitioners to develop an 
operational and assessment model such as Fuzzy or SEM 
model to quantify and evaluate the implementation of 
COM in construction industry. 

Data availability

Data generated or analyzed during the study are available 
from the corresponding author by request.

References

Abad, F., Eshtehardian, E., & Taghizade, K. (2019). Framework 
for proactive change management: Assessing the risk of 
change in construction projects using fuzzy fault tree analysis. 
Journal of Architectural Engineering, 25(2), 04019010. 
https://doi.org/10.1061/(ASCE)AE.1943-5568.0000358

Alaryan, A. (2014). Causes and effects of change orders on con-
struction projects in Kuwait. International Journal of Engi-
neering Research and Applications, 4(7), 1–8. 

Al-Dubaisi, A. H. (2000). Change orders in construction projects 
in Saudi Arabia [Master’s thesis]. King Fahd University of Pet-
roleum & Minerals, Saudi Arabia. 

Al-Kofahi, Z., Mahdavian, A., & Oloufa, A. (2020). System dy-
namics modeling approach to quantify change orders impact 
on labor productivity 1: principles and model development 
comparative study. International Journal of Construction Man-
agement, 22(7), 1355–1366. 
https://doi.org/10.1080/15623599.2020.1711494

Alleman, D., Antoine, A. L., Stanford, M. S., & Molenaar, K. R. 
(2020).  Project delivery methods’ change-order types and 
magnitudes experienced in highway construction. Journal of 
Legal Affairs and Dispute Resolution in Engineering and Con-
struction, 12(2), 04520006. 
https://doi.org/10.1061/(ASCE)LA.1943-4170.0000380

Alnuaimi, A., Taha, R., Al Mohsin, M., & Al-Harthi, A. (2010). 
Causes, effects, benefits, and remedies of change orders on 
public construction projects in Oman. Journal of Construction 
Engineering and Management, 136(5), 615–622. 
https://doi.org/10.1061/(ASCE)CO.1943-7862.0000154

Alomari,  K. A., Gambatese,  J. A., & Tymvios,  N. (2018). Risk 
perception comparison among construction safety profes-
sionals: Delphi perspective. Journal of Construction Engineer-
ing and Management, 144(12), 04018107. 
https://doi.org/10.1061/(ASCE)CO.1943-7862.0001565

Ameyaw, E., Hu, Y., Shan, M., Chan, A., & Yun, L. (2016). Ap-
plication of Delphi method in construction engineering and 
management research: A quantitative perspective. Journal of 
Civil Engineering and Management, 22(8), 991–1000. 
https://doi.org/10.3846/13923730.2014.945953 

Anees, M., Mohamed, H., & Abdel Razek, M. (2013). Evaluation 
of change management efficiency of construction contractors. 
Housing and Building National Research Centre Journal, 9, 
77–85. https://doi.org/10.1016/j.hbrcj.2013.02.005

Arain, F., & Pheng, L. (2005a). The potential effects of variation 
orders on institutional building projects. Facilities, 23(11/12), 
496–510. https://doi.org/10.1108/02632770510618462

Arain, F., & Pheng, L. (2005b). How design consultants perceive 
causes of variation orders for institutional buildings in Singa-
pore. Architectural Engineering and Design Management, 1(3), 
181–196. https://doi.org/10.1080/17452007.2005.9684592

Arain, F., & Pheng, L. (2006). Knowledge-based decision support 
system for management of variation orders for institutional 
building projects. Automation in Construction, 15, 272–291. 
https://doi.org/10.1016/j.autcon.2005.06.005

Arain F., & Pheng, L. (2007). Modeling for management of varia-
tions in building projects. Engineering, Construction and Ar-
chitectural Management, 14(5), 420–433. 
https://doi.org/10.1108/09699980710780737

Arain, F., Assaf, A., & Low, S. (2004). Causes of discrepancies 
between design and construction. Architectural Science Re-
view, 47(3), 237–249. 
https://doi.org/10.1080/00038628.2000.9697530

Arcadis. (2019). Global construction disputes report 2019: Laying 
the foundation for success. https://media.arcadis.com/-/media/
project/arcadiscom/com/perspectives/global/2020/global-
construction-disputes-2020/global-construction-disputes-
report-2019.pdf?rev=-1 

Blumberg, B. F., Cooper, D. R., & Schindler, P. S. (2014). Business 
research methods. McGraw-Hill.

Brown, R., & Hauenstein, N. (2005). Interrater agreement recon-
sidered: An alternative to the RWG indices. Organizational 
Research Methods, 8(2), 165–184. 
https://doi.org/10.1177/1094428105275376 

Castillo, T., Alarcón, L. F., & Pellicer, E. (2018). Finding differ-
ences among construction companies management practices 
and their relation to project performance. Journal of Manage-
ment in Engineering, 34(3), 1–13. 
https://doi.org/10.1061/(ASCE)ME.1943-5479.0000606

Chan,  A. P. C., Wong,  F. K. W., Hon,  C. K. H., Ali Javed,  A., 
& Lyu,  S. (2017). Construction safety and health problems 
of ethnic minority workers in Hong Kong. Engineering, Con-
struction and Architectural Management, 24(6), 901–919. 
https://doi.org/10.1108/ECAM-09-2015-0143

Charkhakan,  M. H., & Heravi,  G.  (2019). Evaluating the pre-
ventability of conflicts arising from change occurrence in 
construction projects. Engineering, Construction and Archi-
tectural Management, 26(8), 1777–1800. 
https://doi.org/10.1108/ECAM-09-2018-0361

Choi, K., Yin, Y., Goehl, D., & Jeong, H. D. (2020). Alternative 
contracting methods: Modeling and assessing the effects of 
contract type on time-cost-change performance. Journal of 
Management in Engineering, 37(1), 04020096. 
https://doi.org/10.1061/(ASCE)ME.1943-5479.0000863 

Cohen, L., Manion, L., & Morrison, K. (2018). Research methods in 
education. Routledge. https://doi.org/10.4324/9781315456539

Construction Industry Institute. (2012). CII best practices guide, 
improving project performance, version 4.0. https://www.sig.
org/docs2/CII_Best_Practices_Guide_Improving_Project_
Performance.pdf?docID=9415 

Construction Industry Institute. (2017). Change management. 
https://www.construction-institute.org/resources/knowledge-
base/best-practices/change-management 

Du, J., El-Gafy, M., & Zhao, D. (2016). Optimization of change 
order management process with object-oriented discrete 
event simulation: Case study. Journal of Construction Engi-
neering and Management, 142(4), 05015018. 
https://doi.org/10.1061/(ASCE)CO.1943-7862.0001092

Du, J.,  Jing, H., Castro-Lacouture, D., & Sugumaran, V. (2019). 
Multi-agent simulation for managing design changes in pre-
fabricated construction projects.  Engineering, Construction 
and Architectural Management, 27(1), 270–295. 
https://doi.org/10.1108/ECAM-11-2018-0524

Dupras, C., Birko, S., Affdal, A. O., Haidar, H., Lemoine, M. E., 
& Ravitsky, V. (2020). Governing the futures of non-invasive 

https://doi.org/10.1061/(ASCE)AE.1943-5568.0000358
https://doi.org/10.1080/15623599.2020.1711494
https://doi.org/10.1061/(ASCE)LA.1943-4170.0000380
https://doi.org/10.1061/(ASCE)CO.1943-7862.0000154
https://doi.org/10.1061/(ASCE)CO.1943-7862.0001565
https://doi.org/10.3846/13923730.2014.945953
http://dx.doi.org/10.1016/j.hbrcj.2013.02.005
https://doi.org/10.1108/02632770510618462
https://doi.org/10.1080/17452007.2005.9684592
https://doi.org/10.1016/j.autcon.2005.06.005
https://doi.org/10.1108/09699980710780737
https://media.arcadis.com/-/media/project/arcadiscom/com/perspectives/global/2020/global-construction-disputes-2020/global-construction-disputes-report-2019.pdf?rev=-1 
https://media.arcadis.com/-/media/project/arcadiscom/com/perspectives/global/2020/global-construction-disputes-2020/global-construction-disputes-report-2019.pdf?rev=-1 
https://media.arcadis.com/-/media/project/arcadiscom/com/perspectives/global/2020/global-construction-disputes-2020/global-construction-disputes-report-2019.pdf?rev=-1 
https://media.arcadis.com/-/media/project/arcadiscom/com/perspectives/global/2020/global-construction-disputes-2020/global-construction-disputes-report-2019.pdf?rev=-1 
https://doi.org/10.1177/1094428105275376
https://doi.org/10.1061/(ASCE)ME.1943-5479.0000606
https://doi.org/10.1108/ECAM-09-2015-0143
https://www.emerald.com/insight/search?q=Mohammad Hadi Charkhakan
https://www.emerald.com/insight/search?q=Gholamreza Heravi
https://www.emerald.com/insight/publication/issn/0969-9988
https://www.emerald.com/insight/publication/issn/0969-9988
https://doi.org/10.1108/ECAM-09-2018-0361
https://doi.org/10.1061/(ASCE)ME.1943-5479.0000863
https://doi.org/10.4324/9781315456539
https://www.sig.org/docs2/CII_Best_Practices_Guide_Improving_Project_Performance.pdf?docID=9415
https://www.sig.org/docs2/CII_Best_Practices_Guide_Improving_Project_Performance.pdf?docID=9415
https://www.sig.org/docs2/CII_Best_Practices_Guide_Improving_Project_Performance.pdf?docID=9415
https://www.construction-institute.org/resources/knowledgebase/best-practices/change-management
https://www.construction-institute.org/resources/knowledgebase/best-practices/change-management
https://doi.org/10.1061/(ASCE)CO.1943-7862.0001092
https://www.emerald.com/insight/search?q=Juan Du
https://www.emerald.com/insight/search?q=Hengqing Jing
https://www.emerald.com/insight/search?q=Daniel Castro-Lacouture
https://www.emerald.com/insight/search?q=Vijayan Sugumaran
https://www.emerald.com/insight/publication/issn/0969-9988
https://www.emerald.com/insight/publication/issn/0969-9988
https://doi.org/10.1108/ECAM-11-2018-0524


Journal of Civil Engineering and Management, 2022, 28(7): 564–589 587

prenatal testing: An exploration of social acceptability using 
the Delphi method. Social Science & Medicine, 304, 112930. 
https://doi.org/10.1016/j.socscimed.2020.112930

Durdyev, S. (2021), Review of construction journals on causes of 
project cost overruns. Engineering, Construction and Architec-
tural Management, 28(4), 1241–1260. 
https://doi.org/10.1108/ECAM-02-2020-0137

Egan, J., Seder, J., & Anderson, D. (2012). Practices in construc-
tion change order management. Cost Engineering, 12–17. 
https://studylib.net/doc/25270827/practices-in-construction-
change-order-management

El-Sabek, L., & McCabe, B. (2018). Framework for managing in-
tegration challenges of last planner system in IMPs. Journal of 
Construction Engineering and Management, 144(5), 04018022. 
https://doi.org/10.1061/(ASCE)CO.1943-7862.0001468

Ghodrati, N., Wing Yiu, T., Wilkinson, S., & Shahbazpour, M. 
(2018). Role of management strategies in improving labor 
productivity in general construction projects in New Zealand: 
Managerial perspective. Journal of Management in Engineer-
ing, 34(6), 04018035. 
https://doi.org/10.1061/(ASCE)ME.1943-5479.0000641

Graham, M., Milanowski, A., & Miller, J. (2018). Measuring and 
promoting inter-rater agreement of teacher and principal perfor-
mance ratings. Center for Education Compensation Reform.

Gunduz, M., & Elsherbeny, H. (2020). Operational framework for 
managing construction-contract administration practition-
ers’ perspective through modified Delphi method. Journal of 
Construction Engineering and Management, 146(3), 04019110. 
https://doi.org/10.1061/(ASCE)CO.1943-7862.0001768

Gunduz, M., & Elsherbeny, H. A. (2021). Critical assessment of 
contract administration using multidimensional fuzzy logic 
approach. Journal of Construction Engineering and Manage-
ment, 147(2), 04020162. 
https://doi.org/10.1061/(ASCE)CO.1943-7862.0001975

Gunduz, M., & Khan, O. (2018). Effective framework for change 
order management using Analytical Hierarchy Process 
(AHP). Gazi University Journal of Science, 31(4). 

Gunduz,  M., & Mohammad,  K. (2020). Assessment of change 
order impact factors on construction project performance 
using analytic hierarchy process (AHP). Technological and 
Economic Development of Economy, 26(1), 71–85. 
https://doi.org/10.3846/tede.2019.11262

Gunduz, M., & Tehemar, S. (2020). Assessment of delay factors 
in construction of sport facilities through multi criteria de-
cision making. Production Planning & Control, 31(15), 1291–
1302. https://doi.org/10.1080/09537287.2019.1704903

Gunduz, M., Nielsen, Y., & Ozdemir, M. (2015). Fuzzy assess-
ment model to estimate the probability of delay in Turkish 
construction projects. Journal of Management in Engineer-
ing, 31(4), 04014055. 
https://doi.org/10.1061/(ASCE)ME.1943-5479.0000261

Gündüz, M., Nielsen, Y., & Özdemir, M. (2013). Quantification 
of delay factors using the relative importance index method 
for construction projects in Turkey. Journal of Management in 
Engineering, 29(2), 133–139. 
https://doi.org/10.1061/(ASCE)ME.1943-5479.0000129

Günhan, S., Arditi, D., & Doyle, J. (2007). Avoiding change or-
ders in public school construction. Journal of Professional 
Issues in Engineering Education and Practice, 133(1), 67–73. 
https://doi.org/10.1061/(ASCE)1052-3928(2007)133:1(67)

Habibi, M., Kermanshachi, S., & Safapour, E. (2018). Engineering, 
procurement and construction cost and schedule perform-
ance leading indicators: state-of-the-art review. In Proceedings 
of Construction Research Congress  (pp. 2–4), New Orleans, 
Louisiana. ASCE. https://doi.org/10.1061/9780784481271.037

Hallowell, M., & Gambatese, J. (2010). Qualitative research: Ap-
plication of the Delphi method to CEM research. Journal of 
Construction Engineering and Management, 136(1), 99–107. 
https://doi.org/10.1061/(ASCE)CO.1943-7862.0000137

Han, S., Lee, S., & Pena-Mora, F. (2012). Identification and quan-
tification of non-value-adding effort from errors and changes 
in design and construction projects. Journal of Construction 
Engineering and Management, 138(1), 98–109. 
https://doi.org/10.1061/(ASCE)CO.1943-7862.0000406

Hanif, H., Khurshid, M., Nauman, S., & Lindhard, S. (2016). Im-
pact of variation orders on time and cost in mega hydropower 
projects of Pakistan. Journal of Construction in Developing 
Countries, 21(2), 37–53. 
https://doi.org/10.21315/jcdc2016.21.2.3

Hanna, A., & Iskandar, K. (2017). Quantifying and modelling the 
cumulative impact of change orders. Journal of Construction 
Engineering and Management, 143(10), 04017076. 
https://doi.org/10.1061/(ASCE)CO.1943-7862.0001385

Hasan, A., Baroudi, B., Elmualim, A., & Rameezdeen, R. (2018). 
Factors affecting construction productivity: A 30 year sys-
tematic review.  Engineering, Construction and Architectural 
Management, 25(7), 916–937. 
https://doi.org/10.1108/ECAM-02-2017-0035

Heravi,  G., & Charkhakan,  M. (2014). Predicting and tracing 
change formation scenarios in construction projects using the 
DEMATEL technique. Journal of Management in Engineering, 
30(6), 04014028. 
http://doi.org/10.1061/(ASCE)ME.1943-5479.0000229 

Hon,  C., Chan,  A., & Yam,  M. (2012). Empirical study to in-
vestigate the difficulties of implementing safety practices in 
the repair and maintenance sector in Hong Kong. Journal of 
Construction Engineering and Management, 138(7), 877–884. 
https://doi.org/10.1061/(ASCE)CO.1943-7862.0000497

Hwang, B., Shan, M., & Looi, K. (2018). Knowledge-based de-
cision support system for prefabricated prefinished volumet-
ric construction. Automation in Construction, 94, 168–178. 
https://doi.org/10.1016/j.autcon.2018.06.016

Hwang, B., Zhao, X., & Goh, K. (2014). Investigating the client-
related rework in building projects: The case of Singapore. 
International Journal of Project Management, 32(4), 698–708. 
https://doi.org/10.1016/j.ijproman.2013.08.009

Ibbs,  W., Nguyen,  L., & Lee,  S. (2007). Quantified impacts of 
project change. Journal of Professional Issues in Engineering 
Education and Practice, 133(1), 45–52. 
https://doi.org/10.1061/(ASCE)1052-3928(2007)133:1(45) 

Ibrahim, M. W., Hanna, A. S., & Kievet, D. (2020a). Quantita-
tive comparison of project performance between project de-
livery systems. Journal of Management in Engineering, 36(6), 
04020082. 
https://doi.org/10.1061/(ASCE)ME.1943-5479.0000837

Ibrahim,  M. W., Hanna,  A. S., Russell,  J. S., Abotaleb,  I. S., & 
El-adaway, I. H. (2020b). Comprehensive analysis of factors 
associated with out-of-sequence construction.  Journal of 
Management in Engineering, 36(4), 04020031. 
https://doi.org/10.1061/(ASCE)ME.1943-5479.0000777

Ibrahim, M. W., Labib, Y., Veeramani, D., Hanna, A. S., & Rus-
sell, J. (2021). Comprehensive model for construction readi-
ness assessment. Journal of Management in Engineering, 37(1), 
04020088. 
https://doi.org/10.1061/(ASCE)ME.1943-5479.0000832

Ingle, P. V., & Mahesh, G. (2020). Construction project perform-
ance areas for Indian construction projects. International 
Journal of Construction Management, 22(8), 1443–1454. 
https://doi.org/10.1080/15623599.2020.1721177

https://doi.org/10.1016/j.socscimed.2020.112930
https://www.emerald.com/insight/search?q=Serdar Durdyev
https://www.emerald.com/insight/publication/issn/0969-9988
https://www.emerald.com/insight/publication/issn/0969-9988
https://doi.org/10.1108/ECAM-02-2020-0137
https://studylib.net/doc/25270827/practices-in-construction-change-order-management
https://studylib.net/doc/25270827/practices-in-construction-change-order-management
https://doi.org/10.1061/(ASCE)ME.1943-5479.0000641
https://doi.org/10.1061/(ASCE)CO.1943-7862.0001768
https://doi.org/10.1061/(ASCE)CO.1943-7862.0001975
https://doi.org/10.3846/tede.2019.11262
https://doi.org/10.1080/09537287.2019.1704903
https://doi.org/10.1061/(ASCE)ME.1943-5479.0000129
https://doi.org/10.1061/9780784481271.037
https://doi.org/10.1061/(ASCE)CO.1943-7862.0000137
https://doi.org/10.1061/(ASCE)CO.1943-7862.0000406
https://doi.org/10.21315/jcdc2016.21.2.3
https://doi.org/10.1061/(ASCE)CO.1943-7862.0001385
https://www.emerald.com/insight/search?q=Abid Hasan
https://www.emerald.com/insight/search?q=Bassam Baroudi
https://www.emerald.com/insight/search?q=Abbas Elmualim
https://www.emerald.com/insight/search?q=Raufdeen Rameezdeen
https://doi.org/10.1108/ECAM-02-2017-0035
http://doi.org/10.1061/(ASCE)ME.1943-5479.0000229
https://doi.org/10.1061/(ASCE)CO.1943-7862.0000497
https://doi.org/10.1016/j.autcon.2018.06.016
https://doi.org/10.1016/j.ijproman.2013.08.009
https://doi.org/10.1061/(ASCE)1052-3928(2007)133:1(45)
https://doi.org/10.1061/(ASCE)ME.1943-5479.0000837
https://doi.org/10.1061/(ASCE)ME.1943-5479.0000777
https://doi.org/10.1061/(ASCE)ME.1943-5479.0000832
https://doi.org/10.1080/15623599.2020.1721177


588 K. K. Naji et al. Construction change order management project support system utilizing Delphi method ...

Ingle, P. V., Mahesh, G., & M.D., D. (2021). Identifying the per-
formance areas affecting the project performance for Indi-
an construction projects. Journal of Engineering, Design and 
Technology, 19(1), 1–20. 
https://doi.org/10.1108/JEDT-01-2020-0027

Jarkas, A., & Mubarak, S. (2016). Causes of construction change 
orders in Qatar: Contractors’ perspective. International Jour-
nal of Project Organisation and Management, 8(3), 275–299. 
https://doi.org/10.1504/IJPOM.2016.078273

Kalaian, S., & Kasim, R. (2012). Terminating sequential Delphi 
survey data collection. Practical Assessment, Research, and 
Evaluation, 17, 5. https://doi.org/10.7275/g48q-je05

Karami, H., & Olatunji, O. (2020). Critical overrun causations in 
marine projects. Engineering, Construction and Architectural 
Management, 27(7), 1579–1594. 
https://doi.org/10.1108/ECAM-09-2019-0477

Keane,  P., Sertyesilisik,  B., & Ross,  A. (2010).  Variations and 
change orders on construction projects. Journal of Legal 
Affairs and Dispute Resolution in Engineering and Construc-
tion, 2(2), 89–96. 
https://doi.org/10.1061/(ASCE)LA.1943-4170.0000016

Ke, Y., Wang, S., Chan, A., & Lam, P. (2010). Preferred risk al-
location in China’s public–private partnership (PPP) projects. 
International Journal of Project Management, 28(5), 482–492. 
https://doi.org/10.1016/j.ijproman.2009.08.007

Kermanshachi,  S., & Safapour,  E. (2019). Identification and 
quantification of project complexity from perspective of pri-
mary stakeholders in US construction projects. Journal of 
Civil Engineering and Management, 25(4), 380–398. 
https://doi.org/10.3846/jcem.2019.8633

Kermanshachi, S., Thakur, R., & Govan, P. (2018). Discovering 
the impact of late change orders and rework on labor produc-
tivity: A water treatment case study analysis using system dy-
namics modeling. In Construction Research Congress, New Or-
leans, LA, USA. https://doi.org/10.1061/9780784481295.069

Kermanshachi, S., Rouhanizadeh, B., & Dao, B. (2020). Applica-
tion of Delphi method in identifying, ranking, and weighting 
project complexity indicators for construction projects. Jour-
nal of Legal Affairs and Dispute Resolution in Engineering and 
Construction, 2(1), 04519033. 
https://doi.org10.1061/(ASCE)LA.1943-4170.0000338

Khalafallah, A., & Shalaby, Y. (2019). Change orders: Automating 
comparative data analysis and controlling impacts in public 
projects. Journal of Construction Engineering and Manage-
ment, 145(11), 04019064. 
https://doi.org/10.1061/(ASCE)CO.1943-7862.0001700

Khanzadi,  M., Nasirzadeh,  F., & Dashti,  M. S. (2018). Fuzzy 
cognitive map approach to analyze causes of change orders 
in construction projects. Journal of Construction Engineering 
and Management, 144(2), 04017111. 
https://doi.org/10.1061/(ASCE)CO.1943-7862.0001430

Khoshgoftar, M., Bakar, A. H. A., & Osman, O. (2010). Causes of 
delays in Iranian construction projects. International Journal 
of Construction Management, 10(2), 53–69. 
https://doi.org/10.1080/15623599.2010.10773144

Khoso, A., Khan, J., Faiz, R., & Akhund, M. (2019). Assessment 
of change orders attributes in preconstruction and construc-
tion phase. Civil Engineering Journal, 5(3). 
https://doi.org/10.28991/cej-2019-03091273

Kim, J., Miller, J., & Kim, S. (2020). Cost impacts of change or-
ders due to unforeseen existing conditions in building reno-
vation projects. Journal of Construction Engineering and Man-
agement, 146(8), 04020094. 
https://doi.org/10.1061/(ASCE)CO.1943-7862.0001888 

Kolawole, R., Kamau, P., & Gerryshom, M. (2016). Change order 
management factors in building projects in Northern Nigeria. 
Asian Social Science, 12(1), 223–236. 
https://doi.org/10.5539/ass.v12n1p223

Laerd Statistics. (2018). Pearson’s correlation using SPSS statistics. 
https://statistics.laerd.com/spss 

Lavikka,  R.,  Kyrö,  R.,  Peltokorpi,  A., & Särkilahti,  A. (2019). 
Revealing change dynamics in hospital construction pro-
jects.  Engineering, Construction and Architectural Manage-
ment, 26(9), 1946–1961. 
https://doi.org/10.1108/ECAM-03-2018-0119

LeBreton, J., & Senter, J. (2008). Answers to 20 questions about 
interrater reliability and interrater agreement. Organizational 
Research Methods, 11(4), 815–852. 
https://doi.org/10.1177/1094428106296642

Love, P., Holt, G., Shen, L., Li, H., & Irani, Z. (2002). Using sys-
tems dynamics to better understand change and rework in 
construction project management systems. International Jour-
nal of Project Management, 20(6), 425–436. 
https://doi.org/10.1016/S0263-7863(01)00039-4

Love, P. E., Matthews, J., & Fang, W. (2020). Rework in construc-
tion: A focus on error and violation. Journal of Construction 
Engineering and Management, 146(9), 06020001. 
https://doi.org/10.1061/(ASCE)CO.1943-7862.0001901

Lu,  Z., Peña-Mora,  F., Wang,  S. Q., Liu,  T., & Wu,  D. (2019). 
Assessment framework for financing public–private partner-
ship infrastructure projects through asset-backed securitiza-
tion. Journal of Management in Engineering, 35(6), 04019027. 
https://doi.org/10.1061/(ASCE)ME.1943-5479.0000708

Luo, L., Zhang, L., & He, Q. (2020). Linking project complexity 
to project success: A hybrid SEM–FCM method. Engineer-
ing, Construction and Architectural Management, 27(9), 2591–
2614. https://doi.org/10.1108/ECAM-05-2019-0241

Mansour,  H., Aminudin,  E., Omar,  B., & Al-Sarayreh,  A. 
(2022).  Development of an impact-on-performance index 
(IPI) for construction projects in Malaysia: A Delphi study. 
International Journal of Construction Management, 22(11), 
2003–2012. https://doi.org/10.1080/15623599.2020.1762036

Marzuki, P., Oktavianus, A., Regina, A., & Hasiholan, B. (2019). 
Interface problems in change order-challenged projects. 
Journal of Construction in Developing Countries, 24(2), 1–22. 
https://doi.org/10.21315/jcdc2019.24.2.1

Megha,  D., & Rajiv,  B. (2013). A methodology for ranking of 
causes of delay for residential construction projects in Indi-
an context. International Journal of Emerging Technology and 
Advanced Engineering, 3(3), 396–404. 

Moselhi,  O., Assem,  I., & El-Rayes,  K., (2005). Change orders 
impact on labor productivity. Journal of Construction Engin-
eering and Management, 131(3), 354–359. 
https://doi.org/10.1061/(ASCE)0733-9364(2005)131:3(354) 

Msallam, M., Abojaradeh, M., Jrew, B., & Zak, I. (2015). Control-
ling of variation orders in highway projects in Jordan. Journal 
of Engineering and Architecture, 3(2), 95–104. 
https://doi.org/10.15640/jea.v3n2a11

Naji, K., Gunduz, M., & Salat, F. (2020). Assessment of precon-
struction factors in sustainable project management perform-
ance.  Engineering, Construction and Architectural Manage-
ment, 28(10), 3060–3077. 
https://doi.org/10.1108/ECAM-05-2020-0333

Oppong, G. D., Chan, A. P., Ameyaw, E. E., Frimpong, S., & Dan-
soh, A. (2021). Fuzzy evaluation of the factors contributing 
to the success of external stakeholder management in con-
struction. Journal of Construction Engineering and Manage-
ment, 147(11), 04021142. 
https://doi.org/10.1061/(ASCE)CO.1943-7862.0002155

https://www.emerald.com/insight/search?q=Prachi Vinod Ingle
https://www.emerald.com/insight/search?q=Gangadhar Mahesh
https://www.emerald.com/insight/search?q=Deepak M.D.
https://www.emerald.com/insight/publication/issn/1726-0531
https://www.emerald.com/insight/publication/issn/1726-0531
https://doi.org/10.1108/JEDT-01-2020-0027
https://doi.org/10.1504/IJPOM.2016.078273
https://doi.org/10.7275/g48q-je05
https://www.emerald.com/insight/search?q=Hamidreza Karami
https://www.emerald.com/insight/search?q=Oluwole Alfred Olatunji
https://www.emerald.com/insight/publication/issn/0969-9988
https://www.emerald.com/insight/publication/issn/0969-9988
https://doi.org/10.1108/ECAM-09-2019-0477
https://doi.org/10.1061/(ASCE)LA.1943-4170.0000016
https://doi.org/10.1016/j.ijproman.2009.08.007
https://doi.org/10.3846/jcem.2019.8633
https://doi.org/10.1061/9780784481295.069
https://doi.org10.1061/(ASCE)LA.1943-4170.0000338
https://doi.org/10.1061/(ASCE)CO.1943-7862.0001700
https://doi.org/10.1061/(ASCE)CO.1943-7862.0001430
https://doi.org/10.1080/15623599.2010.10773144
https://doi.org/10.28991/cej-2019-03091273
https://doi.org/10.1061/(ASCE)CO.1943-7862.0001888
https://doi.org/10.5539/ass.v12n1p223
https://statistics.laerd.com/spss
https://www.emerald.com/insight/search?q=Rita Henriikka Lavikka
https://www.emerald.com/insight/search?q=Riikka Kyr%C3%B6
https://www.emerald.com/insight/search?q=Antti Peltokorpi
https://www.emerald.com/insight/search?q=Anna S%C3%A4rkilahti
https://www.emerald.com/insight/publication/issn/0969-9988
https://www.emerald.com/insight/publication/issn/0969-9988
https://doi.org/10.1108/ECAM-03-2018-0119
https://doi.org/10.1177/1094428106296642
https://doi.org/10.1016/S0263-7863(01)00039-4
https://doi.org/10.1061/(ASCE)CO.1943-7862.0001901
https://doi.org/10.1061/(ASCE)ME.1943-5479.0000708
https://www.emerald.com/insight/search?q=Lan Luo
https://www.emerald.com/insight/search?q=Limao Zhang
https://www.emerald.com/insight/search?q=Qinghua He
https://www.emerald.com/insight/publication/issn/0969-9988
https://www.emerald.com/insight/publication/issn/0969-9988
https://doi.org/10.1108/ECAM-05-2019-0241
https://doi.org/10.1080/15623599.2020.1762036
https://doi.org/10.21315/jcdc2019.24.2.1
https://doi.org/10.1061/(ASCE)0733-9364(2005)131:3(354)
https://doi.org/10.15640/jea.v3n2a11
https://www.emerald.com/insight/search?q=Khalid Naji
https://www.emerald.com/insight/search?q=Murat Gunduz
https://www.emerald.com/insight/search?q=Fatema Salat
https://www.emerald.com/insight/publication/issn/0969-9988
https://www.emerald.com/insight/publication/issn/0969-9988
https://doi.org/10.1108/ECAM-05-2020-0333
https://doi.org/10.1061/(ASCE)CO.1943-7862.0002155


Journal of Civil Engineering and Management, 2022, 28(7): 564–589 589

Palaneeswaran, E., Love, P. E., & Kim, J. T. (2014). Role of design 
audits in reducing errors and rework: Lessons from Hong 
Kong. Journal of Performance of Constructed Facilities, 28(3), 
511–517. 
https://doi.org/10.1061/(ASCE)CF.1943-5509.0000450

Pereira, E., Ahn, S., Han, S., & Abourizk, S. (2018). Identification 
and association of high-priority safety management system 
factors and accident precursors for proactive safety assess-
ment and control. Journal of Management in Engineering, 
34(1), 04017041. 
https://doi.org/10.1061/(ASCE)ME.1943-5479.0000562

Project Management Institute. (2016). Construction extension to 
the PMBOK guide. Newtown Square, PA. https://www.pmi.
org/pmbok-guide-standards/foundational/pmbok/construc-
tion-extension 

Ozdemir, Ş. (2016). Individual contributions to infollution (in-
formation pollution): trust and share. International Journal on 
New Trends in Education and Their Implications, 7(2), 23–33.

Rockart, J. F. (1980). The changing role of the information systems 
executive: a critical success factors perspective. https://dspace.
mit.edu/bitstream/handle/1721.1/2010/SWP-1297-08770929-
CISR-085.pdf 

Safapour, E., & Kermanshachi, S. (2018). Identifying early indi-
cators of manageable rework causes and selecting the miti-
gating construction best practices. Journal of Management in 
Engineering, 35(2), 04018060. 
https://doi.org/10.1061/(ASCE)ME.1943-5479.0000669

Saka, A., & Chan, D. (2019). Knowledge, skills and functional-
ities requirements for quantity surveyors in building informa-
tion modelling (BIM) work environment: An international 
Delphi study. Journal of Architectural Engineering and Design 
Management, 16(3), 227–246. 
https://doi.org/10.1080/17452007.2019.1651247

Senouci, A., Alsarraj, A., Gunduz, M., & Eldin, N. (2016). Analy-
sis of change orders in Qatari construction projects. Interna-
tional Journal of Construction Management, 17(4), 280–292. 
https://doi.org/10.1080/15623599.2016.1211973

Serpell, A., Ferrada, X., & Rubio, N. L. (2017). Fostering the ef-
fective usage of risk management in construction. Journal of 
Civil Engineering and Management, 23(7), 858–867. 
https://doi.org/10.3846/13923730.2017.1321578

Shipton, C., Hughes, W., & Tutt, D. (2014). Change management 
in practice: An ethnographic study of changes to contract re-
quirements on a hospital project. Construction Management 
and Economics, 32(7–8), 787–803. 
https://doi.org/10.1080/01446193.2014.915336

Shrestha, K., & Shrestha, P. (2019). Change orders on road main-
tenance contracts: Causes and preventive measures. Journal of 
Legal Affairs and Dispute Resolution in Engineering and Con-
struction, 11(3), 04519009. 
https://doi.org/10.1061/(ASCE)LA.1943-4170.0000299 

Shrestha,  P., & Fathi,  M. (2019). Impacts of change orders on 
cost and schedule performance and the correlation with proj-
ect size of DB building projects. Journal of Legal Affairs and 
Dispute Resolution in Engineering and Construction, 11(3), 
04519010. 
https://doi.org/10.1061/(ASCE)LA.1943-4170.0000311

Shrestha, P., & Maharjan, R. (2018). Effects of change orders on 
cost growth, schedule growth, and construction intensity of 
large highway projects. Journal of Legal Affairs and Dispute 
Resolution in Engineering and Construction, 10(3), 04518012. 
https://doi.org/10.1061/(ASCE)LA.1943-4170.0000264

Shrestha, P., & Zeleke, H. (2018). Effect of change orders on cost 
and schedule overruns of school building renovation projects. 
Journal of Legal Affairs and Dispute Resolution in Engineering 
and Construction, 10(4), 04518018. 
https://doi.org/10.1061/(ASCE)LA.1943-4170.0000271

Shrestha,  P.,  Shrestha,  K., & Zeleke,  H. (2019). Probability of 
change orders and the effect on cost and schedule for new 
public school buildings. Engineering, Construction and Archi-
tectural Management, 26(6), 1087–1104. 
https://doi.org/10.1108/ECAM-01-2018-0017

Skulmoski, G. J., Hartman, F. T., & Krahn, J. (2007). The Delphi 
method for graduate research. Journal of Information Technol-
ogy Education: Research, 6(1), 1–21. 
https://doi.org/10.28945/199

Sourani, A., & Sohail, M. (2015). The Delphi method: Review 
and use in construction management research. International 
Journal of Construction Education and Research, 11(1), 54–76. 
https://doi.org/10.1080/15578771.2014.917132 

Sun, M., & Meng, X. (2009). Taxonomy for change causes and ef-
fects in construction projects. International Journal of Project 
Management, 27(6), 560–572. 
https://doi.org/10.1016/j.ijproman.2008.10.005

Taylor, T., Uddin, M., Goodrum P., McCoy, A., & Shan Y. (2012). 
Change orders and lessons learned: Knowledge from statisti-
cal analyses of engineering change orders on Kentucky high-
way projects. Journal of Construction Engineering and Man-
agement, 138(12), 1360–1369. 
https://doi.org/10.1061/(ASCE)CO.1943-7862.0000550

Tripathi, K. K., Hasan, A., & Jha, K. N. (2019). Evaluating per-
formance of construction organizations using fuzzy prefer-
ence relation technique. International Journal of Construction 
Management, 21(12), 1287–1300. 
https://doi.org/10.1080/15623599.2019.1613210

Ullah, M., Khan, M. W. A., Hussain, A., Rana, F., & Khan, A. 
(2020). A construct validation approach for exploring sus-
tainability adoption in Pakistani construction projects. Build-
ings, 10(11), 207. https://doi.org/10.3390/buildings10110207

Viswanathan, S. K., & Jha, K. N. (2019). Factors influencing inter-
national market selection for Indian construction firms. Jour-
nal of Management in Engineering, 35(5), 05019006. 
https://doi.org/10.1061/(ASCE)ME.1943-5479.0000703

Wuni,  I. Y., & Shen,  G. Q. (2020).  Critical success factors for 
management of the early stages of prefabricated prefinished 
volumetric construction project life cycle. Engineering, Con-
struction and Architectural Management, 27(9), 2315–2333. 
https://doi.org/10.1108/ECAM-10-2019-0534

Zhang,  D., Haas,  C., Goodrum,  P., Caldas,  C., & Granger,  R. 
(2012). Construction small-projects rework reduction for 
capital facilities. Journal of Construction Engineering and 
Management, 138(12), 1377–1385. 
https://doi.org/10.1061/(ASCE)CO.1943-7862.0000552

Zahoor,  H., Chan,  A., Gao,  R., & Utama,  W. (2017). The fac-
tors contributing to construction accidents in Pakistan. Engi-
neering, Construction and Architectural Management, 24(3), 
463–485. https://doi.org/10.1108/ECAM-01-2016-0027

Zuo, J., Zhao, X., Nguyen, Q. B., Ma, T., & Gao, S. (2018). Soft 
skills of construction project management professionals and 
project success factors: A structural equation model. Engin-
eering, Construction and Architectural Management, 25(3), 
425–442. https://doi.org/10.1108/ECAM-01-2016-0016

https://doi.org/10.1061/(ASCE)CF.1943-5509.0000450
https://doi.org/10.1061/(ASCE)ME.1943-5479.0000562
https://dspace.mit.edu/bitstream/handle/1721.1/2010/SWP-1297-08770929-CISR-085.pdf
https://dspace.mit.edu/bitstream/handle/1721.1/2010/SWP-1297-08770929-CISR-085.pdf
https://dspace.mit.edu/bitstream/handle/1721.1/2010/SWP-1297-08770929-CISR-085.pdf
https://doi.org/10.1061/(ASCE)ME.1943-5479.0000669
https://doi.org/10.1080/17452007.2019.1651247
https://doi.org/10.1080/15623599.2016.1211973
https://doi.org/10.3846/13923730.2017.1321578
https://doi.org/10.1080/01446193.2014.915336
https://doi.org/10.1061/(ASCE)LA.1943-4170.0000299
https://doi.org/10.1061/(ASCE)LA.1943-4170.0000311
https://doi.org/10.1061/(ASCE)LA.1943-4170.0000264
https://doi.org/10.1061/(ASCE)LA.1943-4170.0000271
https://www.emerald.com/insight/search?q=Pramen P. Shrestha
https://www.emerald.com/insight/publication/issn/0969-9988
https://www.emerald.com/insight/publication/issn/0969-9988
https://doi.org/10.1108/ECAM-01-2018-0017
https://doi.org/10.28945/199
http://dx.doi.org/10.1080/15578771.2014.917132
https://doi.org/10.1016/j.ijproman.2008.10.005
https://doi.org/10.1061/(ASCE)CO.1943-7862.0000550
https://doi.org/10.1080/15623599.2019.1613210
https://doi.org/10.3390/buildings10110207
https://doi.org/10.1061/(ASCE)ME.1943-5479.0000703
https://doi.org/10.1108/ECAM-10-2019-0534
https://doi.org/10.1061/(ASCE)CO.1943-7862.0000552
https://doi.org/10.1108/ECAM-01-2016-0027
https://www.emerald.com/insight/search?q=Jian Zuo
https://www.emerald.com/insight/search?q=Xianbo Zhao
https://www.emerald.com/insight/search?q=Tony Ma
https://www.emerald.com/insight/search?q=Shang Gao
https://www.emerald.com/insight/publication/issn/0969-9988
https://www.emerald.com/insight/publication/issn/0969-9988
https://doi.org/10.1108/ECAM-01-2016-0016

