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Abstract- Many studies attempt to explore the critical success factors (CSFs) believed to influence project performance. 
However, this particular area of CSFs remains unclear, and efforts to reach an agreement on the CSFs have been rather limited. 
The primary objective of this study is to identify the CSFs that influence construction project performance, and determine their 
relative importance for different objectives across five stages in the project life cycle. A thorough literature review was 
deployed to generate a set of factors. A questionnaire survey, based on 179 identified factors, grouped into nine major factor 
categories, was conducted to collect data from three groups of respondents: client representatives, consultants, and contractors. 
Out of 164 questionnaires distributed, 93 were returned. Using the mean score, relative importance index, and weighted 
average method, the top 10 critical factors for each category were identified. Spearman’s rank correlation was used to analyse 
the agreement of survey respondents on those categorised factors. A one-way analysis of variance was then performed to 
determine whether the mean scores among the various groups of respondents were statistically significant. The survey findings 
indicate that the most CSFs in each category in the operation and maintenance phase are as follows: competence of project 
participants (time), relationship among project participants (cos), effective quality assurance system in the organisation 
(quality),  interrelation between the employee and supervisor (health and safety), regular maintenance of equipment for the 
project (environment), competent supervisors (productivity), quality of works to match standards (risk management), positive 
attitude of employees (human resources), and durability of the completed work (client satisfaction). An understanding of CSFs 
would help all interested parties in the construction industry to improve project performance. Moreover, the results of this 
study would help construction professionals and practitioners take proactive measures for effective project management. 
 
Index Terms- Critical success factors, Operation and Maintenance phase, Project life cycle, Project performance. 
 
I. INTRODUCTION 
 
The operation and maintenance (O&M) phase is a part 
of the project life cycle. Success in operation and 
maintenance of a completed project is highly 
dependent on several issues with a variety of factors. 
CSFs have received much attention by different 
researchers and are among the most widely researched 
topics in the context of project management. It is 
accepted that CSFs are defined as those factors that 
predict the success of a project [1] and are considered 
to be a means to improve the effectiveness of a project 
[2]. However, although CSFs have been well 
discussed over the decades, to date, there has been 
limited agreement on CSFs [3] across the project life 
cycle, one of which begin the study undertaken to 
explore the factors that are critical to the O&M 
success.  
In addition, criteria to measure project success play a 
key role and have been widely adopted in the 
construction industry. Success criteria can be defined 
as the set of principles by which favorable outcomes 
can be completed within a set specification. Time, 
cost, and quality, known as the “iron triangle”, have 
long been the benchmarks of project success [4]. 
Project success is defined as having results exceeding 
the expectation [5], and is considered to be tied to 
performance measures. Performance measurement is 
used as a business tool to evaluate management 
performance and monitor a strategic plan [6]. As the 

construction sector is dynamic in its nature [4], and as 
a construction project becomes more complex, a 
limited view of performance and considering the “iron 
triangle” as the only criteria of performance 
measurement is inadequate.  Furthermore, over the 
past several decades, the focus on criteria to measure 
project success has changed and has been extended to 
multidimensional measurements [7], [8].  
As can be seen from the above discussion, previous 
works have been rather limited to addressing factors 
influencing project performance for different 
objectives and across the entire stages of the life of a 
project. Thus, to bridge the gap of this knowledge, the 
objectives of this study are as follows: 
1. to identify the critical factors influencing project 
performance for different objectives in Thai 
construction projects; and 
2. to determine factors that account for improving 
project performance through the entire project life 
cycle. 
In this research, the criteria to measure the success of a 
project are evaluated in terms of time, cost, quality, 
health and safety, environment, productivity, risk, 
human resources, and client satisfaction. In addition, 
the project life cycle is divided into five phases: 
conceptualization; planning and design; procurement; 
construction; and operation and maintenance. 
However, the discussion in this paper is only focused 
on the operation and maintenance phase.  
This paper is organised as follows. The first section 
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provides a brief review of the relevant literature. In the 
second section, the research methodology and 
theoretical hypotheses are described. Then, the data 
analysis and a discussion of the results are presented. 
In the final section, limitations and suggestions for 
future research are provided. 
 
II. LITERATURE REVIEW 
 
A. Critical Success Factors 
Many articles and studies have been conducted to 
explore the influence of CSFs on project performance, 
both locally and internationally. The term "critical 
success factors" in the context of project management 
was first used in [9] in 1982 and has received much 
attention by different researchers and construction 
practitioners in decades.  
Reference [1] conducted a survey to define the critical 
factors of building projects. The study concluded that 
there are significant CSFs leading to project success, 
for example, a well-organized, cohesive facility team 
to manage, plan, design, construct, and operate the 
facility; and experience in the management, planning, 
design, construction, and operations of similar 
services.   
Reference [10] identified many success factors that are 
grouped under four main project aspects. The results 
of the study revealed that there are various sets of 
CSFs for different project objectives. Success factors 
such as adequacy of plans and specifications, 
constructability, project manager commitment and 
involvement, contractual motivation/incentives, and 
realistic obligations/clear objectives are the most 
significant factors affecting projects’ success.  
Through empirical research to identify the CSFs 
leading to a successful project, [11] defined the key 
factors that are critical to project management success. 
These include the adequate company-wide education 
on the concepts of risk management, allowing changes 
to scope only through a mature scope change control 
process, and maintaining the integrity of the 
performance measurement baseline. In a study on 
project success factors in large construction projects, 
[12] identified five CSFs for successful projects. 
These significant factors are competent project 
manager, adequate funding until project completion, 
competent project team, commitment to project, and 
availability of resources. 
Reference [13] conducted a survey to examine factors 
affecting project performance. The study indicated 
that the availability of resources as planned through 
project duration, availability of highly experienced 
and qualified personnel, and quality of available 
equipment and raw materials are the most significant 
factors affecting project performance.  
There has been increasing interest and attempts to 
explore CSFs in the context of project management. 
Reference [14] conducted a survey to investigate 
factors influencing project performance across the 
project life cycle. The study results showed that clarity 

of contract, fixed construction period, precise project 
budget estimate, material quality, mutual/trusting 
relationships, leadership/team management, and 
management of work safety are the most critical 
factors. In recent studies, [15] attempted to identify 
attributes of project success that impact the success of 
a project from a post-construction evaluation 
perspective.  
As can be seen, it should be noted that despite many 
studies on CSFs proposed by various researchers and 
practitioners, there seems to be little agreement on 
CSFs, and researchers continue to stress on more work 
on the area [3]. 
 
B. Project Performance Criteria 
The term “performance” has received much attention 
in the construction industry in decades, although its 
interpretation varies among researchers [16]. The 
performance of an organisation is multidimensional 
and a function of the performance of the members of 
the group [8]. Criteria to measure project performance 
may imply various dimensions [13]. Measuring 
project performance in terms of time, cost, and quality 
has attracted the interest of researchers and 
practitioners. In a survey conducted by [10], three 
project objectives, namely budget, schedule, and 
quality performance were addressed to identify CSFs 
for construction projects. The results of the study 
found that there are different sets of CSFs for different 
project performance criteria. According to [17], the 
success of a project is measured in terms of its 
performance on schedule, cost, quality, and no 
disputes.   
Reference [18] provided some thoughts about a new 
way to consider other success criteria beyond cost, 
time, and quality, called the “square route”. This 
consideration is consistent with [4], who shared a 
similar opinion and claimed that the traditional 
definition of project performance, which revolves 
around time, cost, and quality, has proved to be 
inadequate. In the re-examination of criteria to 
determine project success by [19], there were two 
possible viewpoints: micro and macro. Developers or 
clients and contractors look at project success from the 
micro viewpoint; the users and stakeholders usually 
look at project success from the macro viewpoint. 
Because of the increasing complexity and dynamics of 
construction projects, [14] investigated how project 
performance is affected by numerous factors across 
the whole life of a constructed asset. The major criteria 
proposed to evaluate project performance are project 
scope, time, cost, quality, contract/administration, 
human resources, risk, and health and safety.  
Clearly, the above examples demonstrate that the 
focus on the criteria to measure project performance 
has changed. More recent evidence has proposed a 
large number of performance indicators to measure 
project success. These performance indicators could 
be related to many dimensions, such as health, safety, 
environment, human resource development, client 
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satisfaction, productivity, risk, contract and 
administration, profitability, and business efficiency 
[13], [14], [20].  
 
III. METHODOLOGY 
 
C. Questionnaire Design 
A questionnaire survey was used to examine the 
degree of importance of each factor of the nine critical 
project performance criteria. Three groups of 
stakeholders in the Thai construction industry were 
approached to participate in this research: 
1. Client representatives (CR);  
2. Construction supervision consultants/design 
consultants (CD); and 
3. Contractors (CS).  
A pilot project was conducted using a preliminary 
questionnaire. The objective of the pilot test was to 
prove the accuracy and completeness of the 
questionnaire before distributing it to respondents. 
Based on the input of these subjects, the questionnaire 
was reorganised, omitting some of the redundant 
variables, rearranging questions to provide a more 
consistent meaning, and adding experts’ comments 
and suggestions to ensure the practicality of a 
questionnaire. 
Before the questionnaire was distributed to 
respondents, a measure of its reliability was used to 
assess its internal consistency. For a questionnaire 
survey, Cronbach’s alpha method is most frequently 
used for calculating internal consistency as the index 
of instrument reliability [21]. In this study, Cronbach's 
alpha test was employed to measure the consistency of 
the questionnaire. Using Statistical Package for Social 
Science version 19.0 (SPSS), the calculated 
Cronbach’s alpha (α) of the questionnaire was 0.995; 
this value indicates that instrument was internally 
consistent and was considered reliable. 
 
D. Data Collection 
The snowball sampling method, which is a 
non-probability sampling technique, was used for the 
referral network. This method of sampling is 
commonly used where it is difficult to obtain a 
response from a sample population selected at random 
[22]. A total of 164 questionnaires were sent to three 
groups of participants (CR, CD, and CS). Table I 
shows a breakdown of survey responses. According to 
Table I, out of 164 questionnaires distributed, 93 were 
returned, yielding a response rate of 56.7%. 

 
TABLE I 

QUESTIONNAIRE RESPONSES BY THREE GROUPS OF 
RESPONDENTS 

 

E. Calculating the Mean Scores, and Relative 
Importance Index 
Reference [23] used the mean score (MS) method with 
the Likert scale rating to evaluate construction project 
performance. This method was adopted in this study to 
analyse the data collected from the questionnaire 
survey. The respondents were asked to rate success 
factors believed to influence the success of a 
construction project by responding on a scale from 1 to 
5. The five-point Likert rating scale was 1 = least 
important, 2 = slightly important, 3 = moderately 
important, 4 = very important, and 5 = extremely 
important. The mean score for each factor is calculated 
using the following equation: 
 
MS = (∑ (f × s))/N,           (1 ≤ MS ≥ 5),               (1) 
 
where f is the frequency of responses to a rating, s is 
the score given to each factor by the respondents and 
ranges from 1 to 5, and N is the total number of 
respondents concerning that factor. 
In addition to the mean score, the relative importance 
index (RII) was used to determine the respondents’ 
perception of the relative ranking of the factors. The 
RII is evaluated as described by [13], [14] using the 
following formula:  
 
  RII = (∑ W)/ (A × N),         (0 ≤ RII ≥ 1),                    (2) 
 
where W is the weight given to each factor by the 
respondents and ranges from 1 to 5, A is the highest 
weight = 5, and N is the total number of respondents. 
To explore the most CSFs, the “weighted average” 
(WA) of MS, and rankings over the nine broad 
categories and for the top 10 CSFs in each 
performance group was evaluated. The combination of 
three MS or RII used to calculate the WA was obtained 
from the sum of the results of the proportion of the 
questionnaires received from each group associated 
with the total number of respondents (n/N) as 
described by [14], [23]. The WA is computed using 
the following expression:  
 
WA=∑ [(n/N) x MS (or RII)],                             (3)                       
 
where n = 26 for the client representative group, n = 22 
for the consultant group, n = 45 for the contractor, and 
N = 93. 
F. Hypothesis Testing 
Spearman’s rank correlation is a nonparametric test 
used to measure any agreement in ranking of the 
performance group between different parties. In this 
study, the Spearman’s rank correlation was used as in 
works by [14], [23], [25]. The Spearman’s rank 
correlation coefficient for any two sets of rankings is 
calculated by the following formula: 

       rs   = 1 −
( )

 ,                                 (4) 
 where rs is the Spearman rank correlation coefficient 
between two parties, di is the difference between ranks 



International Journal of Advances in Mechanical and Civil Engineering, ISSN: 2394-2827 Volume-3, Issue-3, Jun.-2016 

Critical Success Factors Influencing Construction Project Performance For Different Objectives: Operation and Maintenance Phase 
 

88 

assigned to variables for each cause, and n is the 
number of pairs of rank. The correlation coefficient 
ranges from -1.0 to +1.0. The value of rs close to 1 
represents a strong positive correlation between the 
two variables, while the value of rs close to -1 is a high 
negative linear relationship between the two variables 
[25]. 
To test the rank of the correlation coefficient, a t-test at 
a 95% confidence interval of the null hypothesis, H0, 
was used. Significant testing can be summarized using 
the following assumptions: 
 H0: There is an insignificant degree of agreement 
among the participants (CR, CD, and CS). 
 H1: There is a significant statistical degree of 
agreement among the participants. 
The t-test is defined by the following equation: 
 

     t = rs	 	 ,                                   (5) 

 
To further investigate the data, we used analysis of 
variance (ANOVA) to determine whether there is a 
significant difference between the means of three 
groups of respondents on the most critical factors in 
each performance dimensions. A summary of the 
ANOVA test is as: 
 H0: There is no difference between the three groups 
of respondents on the perceived critical success factor. 
 H1: There is a difference between the three groups 
of respondents on the perceived critical success factor. 
 
IV. RESULTS AND DISCUSSION 
 
G. Background of Respondents and 
Characteristics of Projects 
Tables II and III provide background of research 
respondents and characteristics of projects. As shown 
in Table II, 32.3% of the respondents were between 36 
and 40 years old, and 29.0% were over 45 years old. In 
addition, half of the questionnaire participants (50.3%) 
held a critical role in a senior managerial position. 
These include managing director, executive vice 
president, project director, and project manager. Other 
participants were middle or line managers, such as 
production manager, design manager, and quantity 
surveying manager. Furthermore, the respondents had 
been in the construction business from a minimum of 5 
years to more than 25 years. Thus, it can be inferred 
that the competency of the respondents was adequate 
for them to participate in the survey. 
According to Table III, the majority of respondents 
(94.6%) had worked mostly in the private sector. 
Regarding the field of specialization, residential and 
building projects accounted for 91.4 %. It is important 
to note that the vast majority of those facilities were 
concerned with high-rise building projects. Lump sum 
contracts (69.9%) were the most type of contract 
preferred by professionals. In addition, the survey 
participants were involved in various sizes of 
construction projects. 

TABLE II 
RESPONDENT PROFILES 

 
Note: MD=Managing Director, DMD=Deputy Managing Director, 
QC= Quality Control Manager, QS=Quantity Surveying Manager,       

M&E=Mechanical and Electrical Manager. 
 

TABLE III 
CHARACTERISTICS OF PROJECTS 

 
 

H. Operation and Maintenance-Related Critical 
Success Factors Influencing Construction Project 
Performance 
1)  Major Group 
Table IV summarises the ranks, mean scores, and 



International Journal of Advances in Mechanical and Civil Engineering, ISSN: 2394-2827 Volume-3, Issue-3, Jun.-2016 

Critical Success Factors Influencing Construction Project Performance For Different Objectives: Operation and Maintenance Phase 
 

89 

importance indices of nine major factor categories 
during the operation and maintenance (O&M) phase, 
according to all groups of respondents. Equations 
(1)-(3) are used for this purpose. According to Table 
IV, it can be concluded that the agreement on the 
importance of project performance varies among all 
target groups, and some performance groups are more 
significant than others. Client satisfaction, quality, and 
health and safety performance were of interest to 
survey respondents. These significant criteria were 
ranked as the top three most important performance 
groups, with a weighted average RII equal to 0.845, 
0.781, and 0.667, respectively.  
Client satisfaction was ranked first by all survey 
respondents. The satisfaction criterion is important for 
all interested parties, particularly during the O&M 
phase, because it is one of the measures that evaluate 
how products or services provided by a company meet 
or exceed a customer’s expectations. Over the past 
decade, a number of firms have assessed their 
performance periodically through client satisfaction 
[26].  

Quality performance was ranked second by all survey 
respondents. It was ranked at the same position by all 
parties as the second one. This performance group is 
significant for all stakeholders because the 
consequences of poor quality can be a loss in 
productivity, additional expenditure from rework and 
repair, and eventually, loss of reputation [27].   
Health and safety (H&S) performance was ranked 
third by all survey respondents. This performance 
criterion is important because H&S is related to all 
interested parties, and it is well recognised that 
incidents can bring great losses to individuals, and 
organisations. More recent evidence showed that 
clients are taking the H&S performance of the bidders 
more seriously before awarding the contract to the 
project partners, such as consultant services, and 
contractors. In addition, cost performance, and risk 
management were ranked eighth and ninth, 
respectively. This result implies that these groups are 
less likely to influence project performance than other 
criteria, particularly during the operation and 
maintenance phase.  

 
TABLE IV 

SUMMARY OF MEAN SCORE, RANK AND RELATIVE IMPORTANCE INDEX OF MAJOR GROUPS 

 
Note: MS = Mean Score, RII = Relative Importance Index, R = Rank 

 
TABLE V 

SUMMARY OF MEAN SCORE, RANK AND RELATIVE IMPORTANCE INDEX OF CSFS FOR TIME PERFORMANCE 

 
Note: MS = Mean Score, RII = Relative Importance Index, R = Rank 

 
2) Time Performance 
Table V shows the ranks, mean scores, and relative 
importance indices of the top 10 CSFs for time 
performance. As shown in Table V, project 
participants’ competence was ranked first by all 
groups of respondents, with a weighted average RII 
equal to 0.683. This factor is observed as a key 

element because competent team members have 
different proficiency levels and the capability to deal 
with risk and uncertain environments in the execution 
of the project strategies [3]. This result has been 
frequently mentioned in research studies such as 
[28–29]. 
Adequate experience of project participants was 
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ranked second for all parties, with a weighted average 
RII equal to 0.671. This factor is paramount because a 
successful project requires team members to have 
enough experience to execute the works. In addition, a 
high level of expertise of project teams helps a project 
maximise performance, while a low amount may lead 
to a considerable amount of mistakes or inaccuracies 
[30].  
Commitment and involvement of all parties in the 
project was ranked third by all survey respondents, 
with a weighted average RII equal to 0.658. A project 
is complex in its nature and involves many different 
parties. With a result of strong commitment, involved 
personnel tend to be more motivated and contribute 
ideas to the process. They are enabled to use a full 
range of ability levels for the organisation’s benefit 
[31]. 
3) Cost Performance 
Table V shows the ranks, mean scores, and relative 
importance indices of the top 10 CSFs for cost 
performance. As shown in Table V, relationship 
among project participants was ranked first by all 
groups of respondents, with a weighted average RII 
equal to 0.669. The finding suggests that this factor is 
more important to contractors than others because it 
plays a crucial role in preventing disputes, solving 
problems, and developing project performance [13]. In 
addition, this factor helps minimise the possibility of 
construction delays caused by conflict of interests.  
Adequate experience of project participants was 
ranked second by all survey respondents, with a 
weighted average RII equal to 0.660. Better cost 
performance is associated with experience of project 
teams. This result proves to be closer to [32], who 

found that lack of technological knowledge such as 
cost control techniques causes delays and cost 
overruns. 
Frequent progress meetings was ranked third for all 
parties, with a weighted average RII equal to 0.641. 
Progress monitoring is an essential component of a 
project’s performance assessment process used to 
review critical operations and potential problems. In 
addition, this finding is consistent with the results 
found by [12], who indicated that without effective 
progress meetings, proper project monitoring and 
control of the process are impossible. 
4) Quality Performance 
Table VII summarises the ranks, mean scores, and 
relative importance indices of the top 10 CSFs of 
quality performance. According to Table VII, 
effective quality assurance system in organisation was 
ranked first by all groups of respondents, with a 
weighted average RII equal to 0.800. It was ranked at 
the same position by all parties as the first one. This 
factor is crucial because it plays a significant role in 
ensuring that a project meets its objectives as planned 
and correct procedures are adopted.  
Management leadership in promoting high process 
quality was ranked second by all survey respondents, 
with a weighted average RII equal to 0.697. A high 
level of management leadership and commitment is 
often identified as the driving force that leads an 
organisation to success. This result corroborates the 
study of [33], which showed that this factor is one of 
the generic attributes that affect process quality, 
particularly in terms of better job satisfaction and 
reduction in quality cost. 

 
TABLE VI 

SUMMARY OF MEAN SCORE, RANK AND RELATIVE IMPORTANCE INDEX OF CSFS FOR COST PERFORMANCE 

 
Note: MS = Mean Score, RII = Relative Importance Index, R = Rank 

 
TABLE VII 

SUMMARY OF MEAN SCORE, RANK AND RELATIVE IMPORTANCE INDEX OF CSFS FOR QUALITY PERFORMANCE 

 
Note: MS = Mean Score, RII = Relative Importance Index, R = Rank 
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Effective monitoring and feedback by project 
participants was ranked third by all survey 
respondents, with a weighted average RII equal to 
0.689. Monitoring, feedback and coordination are of 
paramount significance for the successful outcome of 
a project. Moreover, they can be identified as a critical 
factor responsible for success of numerous projects 
[17]. 
5) Health and Safety Performance 
Table VIII summarises the ranks, mean scores, and 
relative importance indices of the top 10 CSFs of 
health and safety performance. As shown in Table VII, 
interrelation between the employee and supervisor 
was ranked first by all groups of respondents, with a 
weighted average RII of 0.671. Employee and 
supervisor work together to accomplish an 
organisation’s objectives. Good relationships not only 
help individuals maintain attention to goals, but also 
foster those working around both parties. This 
importance was supported by [34], who found that the 
interactions between the project participants largely 
determine the overall performance of a construction 
project. 
Effective coordination, control and management of 
sub-contractors was ranked second by all survey 
respondents, with a weighted average RII equal to 
0.666. Any project involves different project 
participants to complete a facility, and the large 
proportion of the work has been executed by 

subcontractors [35]. Thus, the subcontractors need to 
be coordinated and managed in the most efficient 
manner to ensure that their performance meets the 
project’s objectives, particularly H&S requirements.  
Positive personal attitudes of project participants 
towards safety management was ranked third by all 
survey respondents, with a weighted average RII equal 
to 0.666. Positive safety attitudes mean better 
perception of the work environment and atmosphere, 
which leads to better safety performance. This result 
proves to be closer to [36], who indicated that if the 
positive attitudes of employees toward safety are 
strengthened, successful implementation of safety 
programs can be achieved. 
6) Environment Performance 
Table IX shows the ranks, mean scores, and relative 
importance indices of the top 10 CSFs of environment 
performance. As shown in Table IX, regular 
maintenance of equipment for the project was ranked 
first by all groups of respondents, with a weighted 
average RII of 0.692. This critical factor is observed as 
an essential element because continuous, complete 
control of the maintenance of equipment helps in 
improving operation efficiency and operational 
environmental performance [37]. In contrast, deficient 
maintenance of equipment can substantially increase 
the noise generation, carbon emissions, and water 
consumption, for instance. 

 
TABLE VIII 

SUMMARY OF MEAN SCORE, RANK AND RELATIVE IMPORTANCE INDEX OF CSFS FOR HEALTH AND SAFETY PERFORMANCE 

 
Note: MS = Mean Score, RII = Relative Importance Index, R = Rank 

 
TABLE IX 

SUMMARY OF MEAN SCORE, RANK AND RELATIVE IMPORTANCE INDEX OF CSFS FOR ENVIRONMENT PERFORMANCE 

 
Note: MS = Mean Score, RII = Relative Importance Index, R = Rank 

 
Sufficient auditing activity was ranked second by all 
survey respondents, with a weighted average RII equal 
to 0.697. Auditing activities provide information on 

the performance of the organisation’s system. In 
addition, business organisations need to provide 
sufficient preparations for both internal auditing and 
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external auditing activities, by the means of which 
they improve the operational system [37-38]. 
Sufficient provision of environmental management 
training to all staff was ranked third by all survey 
respondents, with a weighted average RII equal to 
0.689. This factor is important because training the 
human resources with the skills demanded by the 
project strongly affect project performance [13]. This 
result corroborates the study of [39], which showed 
that providing adequate training and sufficient 
highlighting environmental facts is an effective 
measure to improve environmental performance. 
7) Productivity 
Table X summarises the ranks, mean scores, and 
relative importance indices of the top 10 CSFs of the 
productivity group. As can be seen in Table X, 
competent supervisor was ranked first for all parties, 
with a weighted average RII equal to 0.675. This 
critical factor is observed as an essential element 
because supervisors handle monitoring and enforcing 
proper key controls to ensure that the quality of 
production meets that listed in the works specification. 
Many previous studies concluded that this is a critical 
factor that influences productivity in the construction 
industry [40]-[43].  
Management-labor relationship was ranked second, 
with a weighted average RII of 0.651. This factor is 

crucial for all parties because it can help them through 
strong coordination and motivation between labour 
level and managerial level, leading to an improvement 
in productivity and performance of projects [13].  
Availability of skilled worker was ranked third for all 
parties, with a weighted average RII of 0.647. 
Sufficiency of qualified personnel is one of the 
significant resources required to accomplish the 
particular goals of a project and is essential for 
achieving desired productivity. By contrast, a shortage 
of suitably trained skilled workers can be considered 
as the primary cause affecting the time to complete 
tasks, the cost of labour, and the quality of products or 
services achieved [43]. 
 
8) Risk Management 
Table XI shows the ranks, mean scores, and relative 
importance indices of the top 10 CSFs of risk 
management. As shown in Table XI, quality of works 
to match standards was ranked first by all survey 
respondents, with a weighted average RII equal to 
0.695. Quality of a construction project is dependent 
on the conformance to specifications and vital to 
facility life cycle [44]. In addition, quality of works is 
relevant to all interested parties and is considered as a 
critical factor for project success. 

 
TABLE X 

SUMMARY OF MEAN SCORE, RANK AND RELATIVE IMPORTANCE INDEX OF CSFS FOR PRODUCTIVITY 

 
Note: MS = Mean Score, RII = Relative Importance Index, R = Rank 

 
TABLE XI 

SUMMARY OF MEAN SCORE, RANK AND RELATIVE IMPORTANCE INDEX OF CSFS FOR RISK MANAGEMENT 

 
Note: MS = Mean Score, RII = Relative Importance Index, R = Rank 

 
Timely payment on contract and extra work was 
ranked second, with a weighted average RII equal to 
0.676. Timeliness of the client’s payment is the 
primary expectation of all parties concerned. It is 

central to the project that clients have adequate project 
finance for both contract sum and variation work. This 
level of importance concurs with the study by [45], 
who indicated that owners need to focus on the 
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responsibility for making payments on time to 
contractors as a practical solution to eliminate delays 
in the project. 
Project participants’ competence was ranked third by 
all survey respondents, with a weighted average RII 
equal to 0.669. Proficient team members are crucial 
for the success accomplishment of project objectives. 
Clearly, it is easier to deal with risks and opportunities 
in the context of the organisation, if the project team is 
competent [3]. 
9) Human Resource 
Table XII shows the ranks, mean scores, and relative 
importance indices of the top 10 CSFs of the human 
resource group. As shown in Table XII, positive 
attitude of employees was the most significant factor 
in human resources during the O&M phase. It was 
ranked first by all groups of respondents, with a 
weighted average RII equal to 0.720. Attitude is a 
tendency to respond positively or negatively to certain 
persons or situations.  The positive attitude that project 
teams bring motivates toward success. Conversely, 
negative knowledge and experience of team members 
create a negative attitude toward teamwork that is 
transferred to the workplace [46]. 
Availability of skilled personnel was ranked second by 
all survey respondents, with a weighted average RII 

equal to 0.710. This result proves to be closer to [47], 
who remarked that managing a firm's human resources 
can make an important contribution to the 
effectiveness of the company's operations. 
Adequacy of skill training and development for all 
employees was ranked third by all survey respondents, 
with a weighted average RII equal to 0.699. Providing 
skill training relevant to a particular task helps project 
team members build professional competence and 
meet the expectations of the organizational objectives.   
This result proves to be closer to [48], who indicated 
that encouraging the development of all employees, 
such as supervisors, and managers, is necessary to 
prepare the organization for future challenges.  
10) Client Satisfaction 
Table XIII shows the ranks, mean scores, and relative 
importance indices of the top 10 CSFs of client 
satisfaction. As shown in Table XIII, durability of the 
completed work was ranked first for all survey 
respondents, with a weighted average RII equal to 
0.849. Clients are always satisfied when their 
perceptions of the product or service match or exceed 
their expectations. This finding concurs well with 
[49], who found that durability of the facility is one of 
the most critical factors that reflect the perceptions of 
clients on needs. 

 
TABLE XII 

SUMMARY OF MEAN SCORE, RANK AND RELATIVE IMPORTANCE INDEX OF CSFS FOR HUMAN RESOURCE 

 
Note: MS = Mean Score, RII = Relative Importance Index, R = Rank 

 
TABLE XIII 

SUMMARY OF MEAN SCORE, RANK AND RELATIVE IMPORTANCE INDEX OF CSFS FOR CLIENT SATISFACTION 

 
ote: MS = Mean Score, RII = Relative Importance Index, R = Rank 

 
Aesthetic of the completed work was ranked second 
by all survey respondents, with a weighted average RII 
equal to 0.832. Functional and aesthetic characteristics 
of the facility, such as design, ease to use, adaptability, 

innovation, and maintainability, are envisioned by the 
client. In addition, success means different things to 
different people. An architect may consider success in 
terms of aesthetic appearance [50]. 
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Rapid response to legitimate complaints was ranked 
third by all survey respondents, with a weighted 
average RII equal to 0.794. When a customer has a 
legitimate complaint, a quick response to solve the 
problem is of paramount importance.  In addition, 
complaints can be considered as customer feedback 
about products or services provided. To summarise, 
positive response to the feedback helps the 
organization to be more efficient and improve client 
satisfaction.  
 
I. Degree of Agreement among the Respondent 
Groups 
In this study, Spearman’s rank correlation was used to 
determine whether there was a significant level of 
agreement among the three groups of participants. 
Equation (4) and (5) were used for this purpose.  
Table XIV shows the degree of agreement between 
any two groups of project participants with respect to 
the ranking of the nine major performance categories 
in the operation and maintenance phase. The results of 
the computation of Spearman’s rank correlation 
coefficients indicate that there is a positive degree of 
agreement between consultants and contractors, and 
between client representatives and contractors with a 
coefficient of 0.717 (p = 0.030), and 0.683 (p = 0.042), 
respectively. However, there is discordant agreement 
between client representatives and consultants with a 
coefficient of 0.500 (p = 0.170). 

 
TABLE XIV 

SPEARMAN RANK CORRELATION BETWEEN PARTICIPANTS FOR 
NINE MAJOR PERFORMANCE GROUPS 

 
Note: rs = Spearman’s rank correlation coefficient; t = t-statistics;    
H0 = null hypothesis; * Correlation is significant at the 0.05 level 
(2-tailed) 
 
J. Analysis of Variance  
ANOVA was used to investigate the perception of 
survey participants on the most CSFs. A one-way 
ANOVA test was performed to determine whether the 
mean scores among the various groups of respondents 
were statistically significant. 
Table XV shows the results of the ANOVA, analysed 
using the SPSS, for the most CSFs in each 
performance group. At a 95% confidence interval, the 
null hypothesis, H0, is accepted because the 
significance level is greater than 0.05 in each case. 
Therefore, it can be inferred that all groups of survey 
respondents (CR, CD, and CS) share the same opinion 
on the importance of the most CSFs that influence the 
performance of the project during the operation and 
maintenance phase. 

TABLE XV 
ANOVA TEST ON THE MOST CRITICAL SUCCESS FACTORS 

 
 
V. LIMITATIONS AND SUGGESTIONS FOR 
FUTURE DIRECTIONS 
 
Success in project management of a completed facility 
depends on many issues with a variety of factors. 
Identification of CSFs, particularly in terms of the 
O&M phase at the outset of the project, can help 
interested parties to determine significant factors that 
should be given special attention to ensure the success 
of the project. Furthermore, CSFs can be considered to 
be a means to improve the effectiveness of the project 
through the entire phase of the project life cycle. This 
paper provides insight into the CSFs influencing 
construction project performance for different 
objectives, focusing on the operation and maintenance 
phase in the context of project management. However, 
the current study was limited to capturing the 
perception of professionals and practitioners on CSFs 
only in the Thai construction industry. As a result, the 
findings might not be generalised to other countries’ 
economies. In future research, it would be interesting 
to ascertain and compare the perceived CSFs across 
countries. A number of possible future studies using 
the proposed approach are also strongly 
recommended. More information on this field would 
help us to establish a greater degree of agreement on 
the CSFs influencing project performance for different 
objectives in the construction industry.  
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