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Structural equation modelling of construction
project performance based on coordination
factors

Wesam Salah Alaloul**, Mohd Shahir Liew?, Noor Amila Wan Zawawi?, Bashar S Mohammed?,
Musa Adamu?* and Muhammad Ali Musharat?

Abstract: The construction industry has been dealing with numerous issues in order

to achieve the projects’ objectives. Hence, caused most projects to suffer low
performance, particularly in terms of cost and time overrun and poor quality level.
Regarding this matter, the last decade has shown a frequent failure of projects
which clearly describes the need for a systematic investigation of the coordination
process effects on the performance of the project. The study investigates the
impression of coordination factors on projects performance by adopting structural
equation modeling (SEM) technique via fit indices and standardised paths. In cur-
rent research case data were obtained from a questionnaire distributed among
owners/developers, contractors, and consultants. A theoretical structural equation
model was developed to signify the effect of five main latent variables on project
performance. The outcomes showed that projects with high performance have
better coordination efficiency. Whereas, planning and scheduling factors (PSF)

ABOUT THE AUTHORS

1Wesam Salah Alaloul is currently a Senior lec-
turer at Universiti Teknologi PETRONAS (UTP)
Malaysia. His research interest is construction
project management.

1 Bashar S Mohammed, PhD, is currently an
Associate professor and Chair of the Department
of Civil Engineering, UTP Malaysia. His research
interest includes: rubberized concrete, rubberized
interlocking bricks.

2 Musa Adamu completed his PhD in Civil
Engineering at UTP Malaysia, and he is currently
a lecturer in the department of civil Engineering,
Bayero University Kano

1 Mohd Shahir Liew currently a Professor at the
Department of Civil Engineering, UTP Malaysia. He
is also the Deputy Vice Chancellor Research and
Innovation at UTP Malaysia.

1 Noor Amila Wan Zawawi, PhD, is currently an
Associate Professor at the Department of Civil
and Environmental Engineering, UTP Malaysia.
Her area of specialization includes Ocean
Engineering, Construction management and sus-
tainability Building materials and technology.

1 Muhammad Ali Musharat is currently a PhD
student at the Universiti Teknologi PETRONAS
Malaysia.

PUBLIC INTEREST STATEMENT

In construction projects, coordination is consid-
ered as managing dependencies between sta-
keholders to orchestrate the project lifecycle.
Indeed, in this study, a range of coordination
factors was selected to fit different situations
that interfaces project stakeholders. These coor-
dination factors should provide the stakeholders
with the capability to facilitate information,
materials and money circulation to enhance
projects. Construction projects involve several
parties from dissimilar organizations, which
might retard the procedure of decision-making
and information exchange. This led to the disin-
tegration of their activities and ambiguity in
information, inadequate design, and variations.
To solve this challenging, activities with uncer-
tainty need coordination to reach a satisfactory
performance Coordination factors clarify how
project stakeholders interact and integrate their
respective contributions to achieve project
objectives. Poor coordination between construc-
tion projects stakeholders usually results in low
performance. Therefore, structural equation
modeling (SEM) technique was employed for
measuring the effect of coordination factors on
project performance
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group is the highest significant group that had a great influence on performance,
while records and documentation factors (RDF) group obtained the second impor-
tant score. Overall, the outcome of this study is expected to contribute to the
construction management efforts, particularly in addressing the root causes of poor
performance and improving projects success.

Subjects: Customer Relationship Management; CRM; Engineering Project Management;
Structural Engineering

Keywords: coordination factors; projects performance; SEM

1. Introduction

The strong influence of the construction industry which significantly contributes to the improve-
ment of the economy and socioeconomic growth has been greatly observed in countries all over
the world (Finkel, 2015). Accordingly, the construction sector in Malaysia is considered as one of
the principal economic sectors with an annual contribution of 4% to 6% to the Gross Domestic
Product (GDP). Meanwhile, the Malaysian Construction Industry Development Board (CIDB) empha-
sises that the total investments in the construction industry that managed to be completed were
around US$ 25 billion in 2013 with a development approach exceeding the US $ 32 billion in 2016
(Kamal et al., 2012). Other than that, the demand for construction industry workforce is expected
to rise at a steady pace of 8% to 9%; however, it is equally crucial to note that the construction
industry is marred by cost and time overrun as well as poor quality. Regarding this matter, data
from government and industry demonstrate that up to 65% projects are currently suffering from
schedule and budget constraints violation which subsequently leads to huge disputes (Alaghbari,
Razali A. Kadir, & Salim, 2007, Rahman, Hameed Mem, & Abd. Karim, 2013). In other words, the
failure of construction projects is commonly caused by the deficiency of technical abilities as well
as several other factors which include insufficient coordination, integration, communication and
control of project actions, equipment, and stakeholders (Jaffar, Tharim, & Shuib, 2011).

Regarding this matter, it should be noted that essential factors which affect time, cost, and
quality status of construction projects have been extensively investigated within the construction
projects research trend in the Malaysian environment (Rahman et al., 2013). However, it is difficult
to understand the effects of coordination factors on performance issues due to the limited number
of researches in this area. In addition, existing research failed to provide a detailed discussion
which can help to prevent the poor performance of construction projects, especially in creating an
area-specific determination of coordination factors without considering performance effect in
a quantifiable approach. Hence, this certainly indicates that quantification of the relationships
among coordination factors and construction projects performance is a critical topic for investiga-
tion (Chang & Shen, 2009). Regarding this matter, coordination in construction projects can be
described as a process that manages uncertainty as well as orchestrates collection, storing and
exchange of information, materials, and money. Generally, coordination is defined as a practice of
handling dependencies between tasks and connecting together dissimilar portions of a project to
achieve a collective group of objectives (Malone & Crowston, 1990). Therefore, the coordination
process commonly involves a wide range of project tasks associated with the management of
resources. On a more important note, the present study consists of two main objectives described
as follows: (1) to investigate the effects of key coordination factors on project performance, and (2)
to develop a Structural Equation Model (SEM) for the purpose of investigating the association of
quantifiable influence assessment with recognised coordination factors and construction project
performance.

The primary aim of the current research is to offer a deep understanding of the impact of five

latent variables and their basic coordination factors on the final project performance. More
importantly, the proposed model can be utilised to provide an enhanced understanding of the
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relationships between the coordination factors and projects performance indicators, followed by
a number of recommendations for effective intervention in construction projects. Meanwhile, the
present study is important to be conducted due to the frequent failure of construction projects in
adhering to the schedule, cost, and quality constraints as well as the ambiguity of the coordination
factors that tend to influence the performance of construction projects. Similarly, the current
research provides a significant contribution to the methodological development by highlighting
the use of SEM in the difficult field as well as detailing an outline for appreciative the multifaceted
connections between the latent variables in the construction field. In the occasion of the success-
ful construction industry, minor critical issues should be discussed by emphasising the main
concerns against the apparent problems among the construction parties in enabling suitable
business practices to accomplish better performance.

2. Literature review

Communication and coordination problems tend to occur in most construction projects due to the
involvement of several parties from different organisations in the project lifecycle. Hence, this may
interfere with the procedure of decision-making and information exchange (Hossain, 2009).
According to Finkel (2015), the fragmented environment of the construction projects has been
causing continuous criticism on its performance. Regarding this matter, participants involved in
a project are inclined to make their own decision without coordinating with other important
members which will affect the process of decision-making. Apart from that, this may lead to the
disintegration of activities, thus causing ambiguity and inadequate design as well as various
changes throughout the construction phase. Therefore, activity with higher uncertainty requires
greater coordination efforts to accomplish a satisfactory level of performance in order to solve the
mentioned difficulties. In other words, the level of coordination required for any project is depen-
dent on project constraints (Jha & Iyer, 2006, Mbugua et al., 1999; O’brien, Fischer, & Jucker, 1995).

The relationship between the coordination process and project performance has been attracting
considerable attention for the past years with equivalent consideration received from industry
practitioners (Chang & Shen, 2009). More importantly, a vast literature on coordination process
exists in different disciplines. According to Crowston and Osborn (1998), the theoretical framework
of the coordination process is part of the coordination theory which is known as “a body of
principles about how the activities of separate actors can work together harmoniously”. Regarding
this matter, practitioners commonly regard coordination as a condition of dependency, connec-
tions, or how to work together smoothly. In other words, project participants and members are
suggested to coordinate their work and activities using a number of factors which include meet-
ings, plans, and contract documents. Nevertheless, these factors are frequently applied out of
suitability or preference instead of efficiency (Iyer & Jha, 2003).

Furthermore, Saram and Ahmed (2001) proposed the need to conduct an investigation that
focuses on identifying the coordination factors. Meanwhile, the main factors are represented by
the role of the main players in construction projects which considers coordination measures
related to information and skills of parties that significantly contribute to project performance.
More importantly, the highlighted coordination factors exhibit several relationships between
implementation parties, the vision of operators and service mainstay of the project activities,
reliance among agencies, info interchange, and dealing of conflicts. However, a thorough argu-
ment has been presented by Camerer and Knez (1997) in their study on the effective performance
of coordination factors. The factors dependence and sharing are the most important issues that
are aimed to facilitate the work and sharing expertise for concern work methods which are
reported by written correspondence (Hossain, 2009, Kagioglou, Cooper, & Aouad, 2001).

A study on the coordination process by Iyer and Jha (2003) managed to discover a total of 59
factors for construction projects in the Indian construction industry. The findings of their study led
to the development of primary factors based on the interview conducted among field experts.
Apart from that, a questionnaire survey was distributed among construction professionals in which
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the top seven factors influencing project coordination were selected, whereas factors with less
importance were eliminated. The results of their study revealed that project performance tends to
be affected to a certain extent by a number of factors which include the preparation of project
quality plan, contract and agreement implementation, estimation of the optimum resource
requirements and follow up between parties.

Regarding this matter, the American Society of Civil Engineers (ASCE) has suggested a number of
factors and procedures that can help to accomplish construction projects coordination described
as follows: (1) well-defined project goals, (2) time frame, (3) cost distribution, (4) written agree-
ment clarifications, (5) regular and progress reports, (6) joint evaluations of documents, (7)
distribution and analysis of site reports and tests results, (8) joint visits to project sites, (9) variation
order processes, and (10) meetings (Simatupang, Wright, & Sridharan, 2002). More importantly, all
the factors managed to be obtained from long and intensive research that was conducted for the
purpose of improving construction projects performance (Hai, Yusof, Ismail, & Wei, 2012).
Meanwhile, construction projects in Hong Kong further classify staffing, technical, and manage-
ment system into three main groups which are comprised of sixteen coordination factors. In this
case, the most proficient factors include sufficient site office meeting, adequate technical and
financial support from head office, good phasing of work, and a clear communication path (Chang
& Shen, 2009; Hossain, 2009).

In summary, previous studies have managed to provide an enhanced understanding of coordi-
nation factors that are important in construction projects. Nevertheless, most of the factors are
related to industries, thus creating a gap for the casual relationship between coordination factors
and construction project performance. As can be observed in Table 1, a total of sixteen (16) utmost
coordination factors manage to be identified and moulded into five main groups as obtained from
the literature review.

In view of the above-nominated factors, most past research clearly demonstrated the impor-
tance of identifying critical factors that affect project performance as well as the main concerns
that can be concluded from a different view of stakeholders regarding construction projects.
Nevertheless, the quantification of the effect of coordination factors on project performance has
not yet been explored by past research. Therefore, it is essential to determine the relationship
between the quantitative impacts of effective coordination factors and their relations to project
performance (Chan & Kumaraswamy, 1996).

3. Methodology

The present study applied a mixture of quantitative and qualitative data collection approaches for
investigation purposes. The first phase was a literature review, followed by semi-structured interviews
in the second phase (Creswell, 2013). In this case, a total of sixteen (16) selected factors that can be
adapted for construction projects were adopted and approved as the most common in the main-
stream of construction projects after being shown to five construction experts and senior project
managers. Meanwhile, another important achievement from this stage refers to further classification
of factors under five coordination groups as well as respective coordination factors in the hypothetical
construct as presented in Table 1. The purpose of the two stages was mainly to collect and classify
the most common coordination factors. Next, the third phase involved the questionnaire survey
which seeks to gather data for the Structure Equation Modeling (SEM) analysis.

The questionnaire designed for the present study was to measure project performance, coordi-
nation factors extent of application as well as other questions that revolve around identifying and
recognising the profile of both participants and their organization. In this case, a 5-point Likert
scale was utilised to answer the questions about the coordination factors whereby 1 indicates
“Very low” and 5 represents “Very high” as shown in Appendix A. Moreover, Likert scales have been
widely agreed as a common method that is able to collect data regarding the view and beliefs of
participants in questionnaire surveys. Theoretically, Likert scale outcome data are ordinal, in other
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words, the reply options have a meaningful order. However, it is important to understand that the
numbers are not meaningful. Nevertheless, the questionnaire developed for the current research
was discussed with the same five professionals prior to a full-scale distribution for the purpose of
ensuring the suitability of the language, arrangement, and sequencing of questionnaire questions
(Groves et al., 2009).

Structural Equation Modelling (SEM) is a tool that can access a sequence of interdependent
associations between the dependent and independent variables in a measurable way. According to
Fornell and Larcker (1981), SEM is a comprehensive statistical technique that examines the
hypotheses of the relationships between observed and latent variables. However, SEM has not
been widely used in construction management investigation despite its extensive use in other
disciplines. In addition, it should be noted that the SEM technique is far more valuable than
multiple regressions, particularly in the condition of unwell measured variables. Hence, this clearly
suggests that SEM is extremely efficient in terms of representing the direct and indirect influences
of latent variables on the measured factors in the hypothetical paradigm. Kline (2015) further
emphasised the effectiveness of the SEM technique in a number of past researches, particularly in
identifying the associations among significant correlative influences.

Typically, the covariance-centred SEM technique requires a large sample size due to its funda-
mental goal of a hypothesized model fitting analysis and validation. Nevertheless, a major differ-
ence exists in the definition of the word “large’ across several disciplines. However, the rule of
thumb recommends the data scope for covariance-centred SEM to reach the amount of 10 times
of the free parameters of the model. On the other hand, one of the consistency issues in the
present study refers to the heterogeneity of the questionnaire sample which was selected through
a cluster of respondents representing the main parties across the construction industry. In addi-
tion, the required sample size is rather dependent on model complexity, assessment technique,
and distributional properties of measured variables. Creswell (2013) deliberated that it is essential
to define the lowest sample size that is required to reach the desired degree of statistical power
with a suggested model prior to data gathering. However, Kline (2015) proposed a ‘critical sample
size’ of two-hundred responses despite a slight agreement on the suggested sample size for SEM
analysis. Presumably, any sample larger than two hundred may be able to offer adequate statis-
tical power for data analysis. Meanwhile, it is crucial to understand that the sample size required is
influenced by the normality of the data and assessment technique applied in a study. Moreover,
guaranteeing multivariate normality in the opinions and views-based questionnaire dataset is
a critical assignment because the data could be biased due to the participants” inconsistency.
Therefore, the sampling distribution (not necessarily the data itself) is considered to be normally
distributed based on the following conditions:

(1) Sample size (n) is larger than 30; or
(2) Minimum 5 levels of the ordinal scale.

(3) No extreme values—and it is basically impossible to have on a Likert scale since choices are
limited.

(4) The variance of the two samples being compared is roughly equal but this is not a problem
if n > 30.

As suggested by Fornell and Larcker (1981), the collected sample in the present study can be
considered as adequate from the quantity which allows the normal distribution to be assumed as
well. Regarding this matter, a number of preliminary discussions and e-mail connections were
conducted with key respondents in order to seek the largest potential feedbacks for the purpose of
clarifying the purpose of the current research. In spite of the several efforts to obtain a large
number of feedbacks (target of more than 350) for the present study, approval of readiness to
contribute was collected from 325 participants covering 85 organisations out of the total of 610
questionnaires distributed with a response rate of 53.27 %.
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The data collection process which utilised a questionnaire survey was conducted among the
practitioners of construction projects in a northern part of Peninsular Malaysia as well as the city of
Kuala Lumpur. Most of the respondents involved in the survey have been responsible for managing
several types of construction project over the past years. Moreover, the collected data for the
variables were keyed into the SPSS software for the purpose of descriptive analysis. The position
results of the respondents showed that most of the respondents are Site/Residential Engineers
(33.53 %) considering that this position is the most common in construction projects. The next
cartage is represented by QS/Planning Engineer (22.77 %), followed by Project/Construction
Manager (20.61 %). Contrastingly, the least number of respondents is represented by Director/
Vice Director (11.07 %) due to the difficulty of accessing this position. Apart from that, other
cartage includes civil and structure engineers along with electrical and mechanical engineers, as
shown in Figure 1.

Another relevant variable for the present study refers to the professional experience of the
respondents. The findings revealed that most of the respondents (27.07 %) have a working
experience between 5 to less than 10 years of in construction work. At the same time, about 18
% of the respondents have more than 20 years of working experience as presented in Figure 2.

On another note, the large number of experts who answered the questionnaire were able to
provide trusted and accurate results. Figure 3 shows the educational background of respondents
that were involved in the exercise.

In the case of the current research, the work environment conditions, and characteristics of
organisations are very critical in the application of the coordination process that requires further
investigations. The results of the organisation profile are illustrated in Table 2 and it can be
observed that most of the respondents (around 60 %) are working in the private sector.
However, the Non-Governmental (NGO) segment is represented by less than 3%, followed by
38.2 % who work in governmental agencies. Meanwhile, the results concerning the organisation
function show that the highest percentage of 39.07% represents the contractors, followed by the
Owners/Developers (31.39 %), and the consultants (29.53%) from the total sample. Additionally,
the aggregation revealed a relative balance of the distribution of organisation by function. The
number of permanent staffs in the organisation illustrates that the largest part of the sample

g
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(about 60 %) has more than 40 employees. Therefore, this indicates that most of the sample is
from the largest organisations in the construction industry; hence, they are expected to have good
knowledge and practice about coordination.

As evident from the above profiles, a total of 325 reliable feedbacks returned by carefully chosen
participants with a related practised of the contextual and strong link of study objectives. Hence,
all the feedbacks accordingly deliberated as appropriate for SEM investigation. More importantly,
all the participants in the current research have been involved in big construction projects in
Malaysia, with a combination of clients, architects or consultant as well as head contractor firms.

The present study applied the Structural Equation Modeling (SEM) with the aim of computing the
path coefficients through the reduction of the variances among sample covariance as well as
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Table 2. Questionnaire respondents’ organizations profile, frequency and percent

Profile alternatives Frequency Percent (%)
Organization type
Governmental 124 38.2
Private Sector 192 59.1
Non-Governmental (NGO) 9 2.8
Organization function
Owner/Developer 102 31.39
Consultant 96 29.53
Contractor 120 39.07
Number of permanent employees

From 1 to less than 10 52 16.0
From 10 to less than 20 33 10.2
From 20 to less than 30 21 6.5
From 30 to less than 40 36 11.1
More than 40 employees 183 56.3
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those estimated by the proposed model. Next, the model fit in SEM will conduct the maximum
likelihood prediction methodology which is dependent on the multivariate normality that repro-
duces the correct measure of associations among the latent variables.

The causal arrangement of inter-variable associations within the theory has been initially
identified with the aim of defining whether a hypothesised theoretical model is consistent with
the data received to represent the theory. In particular, the consistency is assessed using model-
data fit which specifies the reasonability of the extent of the proposed path diagram regarding the
associations among the variables. Typically, a hypothesised model is verified with an equation
scheme using SEM (Kline, 2015). More importantly, SEM is an influential statistical method that
mixes the benefits of measurement model or confirmatory factor analysis (CFA) and structural
model into a concurrent statistical analysis. Generally, SEM is mainly appreciated in subsequent
data exploration and hypothesis testing, particularly when the outline of inter-association between
the constructs are identified before and stranded in reputable theory. Furthermore, it has the
ability to model associations between several forecasters and measured variables as well as
statistically checks the hypotheses against observed data using CFA. In general, the technique is
employed to investigate the causal relations among variables. As previously defined, the measure-
ment model is interested in the technique used by different exogenous variables in quantifying
latent variables.

The measurement models within SEM include evaluations of exogenous measurement errors
variables as well as their proposed latent variable. Moreover, the structural model is interested in
modeling the associations among latent variables. Specifically, this technique examines the extent
to which changes in one variable are linked to the changes in one or more variables based on the
association coefficient. SEM is frequently applied because it permits the measurement of many
variables and their inter-associations concurrently. Apart from that, it is further adaptable com-
pared to other multivariate methods because it allows for simultaneous, multiple dependent
relationships among variables (Fornell & Larcker, 1981). Hence, SEM was selected to test the
research model, while AMOS 20.0 was used to conduct the analyses. Therefore, the proposed
model was applied on SEM to test the rationality of the observed variables of each latent variable.
Next, the proposed model was modified to improve the goodness-of-fit. Figure 4 depicts the
flowchart of five steps involved in SEM analysis.

3.1. Model specification

The first stage is known as a model building which focuses on identifying the relations of the latent
variables as well as specifying their method of measurement. In most cases, model specification is
considered as the most important and challenging stage because every stage is dependent on it.
Hence, it is crucial to identify the most appropriate model and correctly select the measured
variables that represent the latent ones to ensure that the model is well developed. Moreover, the
model should be specified based on theoretical and practical knowledge of the issue (Lei & Lomax,
2005).

3.2. Model identification

One important rule is that the number of free parameters should not surpass; hence, the ideal
number must be considerably less than the number of observations required to satisfy SEM
determination conditions. Accordingly, the greatest method to reduce the number of parameters
is to eliminate paths that are not assumed by the applied theory and knowledge. For instance,
a total of five paths, namely PSF, RMCF, RDF, CIF, and QVF which lead the performance to its
measured variables. On the other hand, one path from a latent variable to its measured variables
must be fixed to solve the equations in SEM. Moreover, what is fixed, or the fixed value is not
considered a constraint. In the case of the reliabilities of the measured variables being identified
beforehand, it is better to make the constraint on the highest reliability variable. However, the
constrained path is normally given a value of 1 for the sake of simplicity (Lei & Lomax, 2005).
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3.2.1. Estimation

The purpose of this stage is to specify and fix model, followed by the constraint of some of the
paths or variances to enable the estimate process of the parameters. Hence, the present study
adopted the maximum likelihood method by default because it is not reliant on the scale of
measurement (Kline, 2015).

3.2.2. Test of fit

This stage aims to confirm the ability of the model fit to collect data after running the model. In the
case of SEM, the following three criteria should be taken into account: (1) check the signs of the
coefficients, (2) identify if they are statistically significant, and (3) use x? analysis to check the model.
Meanwhile, other indices can be grouped into a couple of central groups which are comparative fit and
variance clarified. Nevertheless, with one exception, all of them were scaled between 0 and 1 with
larger numbers representing a better fit that have a cut-off value of 0.90. Apart from that, the common
comparative fit index is the Normed Fit Index (NFI) which checks if the model differs from the null
hypothesis or none of the variables is related to each other. The greatest common measure that is
dependent on the accounted quantity of variance in the model is known as the Goodness-of-Fit Index
(GFI). Additionally, it should be understood that the model is of borderline significance and can possibly
provide some improvements which are further discussed in the next stage (Fornell & Larcker, 1981).

3.2.3. Re-specification

This stage is adapted to enhance the model to become a better fit. More importantly, it takes into
consideration the two tests that determine whether some variables or paths can be eliminated or if other
paths or covariances must be added. In this case, the wrong specification due to misplaced variables is
possibly the main cause of a bad fit in PA, SEM, and other multivariable techniques. Hence, the only
method to prevent this is to have a basic knowledge of the theory and literature which can facilitate the
process of capturing the important variables and paths. Therefore, free parameters must be based on the
philosophy and knowledge in the attempt of adding or dropping a covariance term (Kline, 2015).

Kline (2015) proposed that the early structural equation model which generally depends on
hypothesis and previous empirical outcomes has a minimum potential to satisfy the standard
indicators of model fit (like, t-statistics, and R-squares), particularly in the attempt of developing
a final structural model. Hence, a realistic model must be chosen by relying on the suggested
goodness of fit (GOF) indicators as well as a model that is able to fulfil both hypotheses. Therefore,
GOF was chosen for SEM analysis in the current research.

The above discussion made it possible for the theoretical foundation to establish the study
framework for the current research. Hence, it is hypothesized that (i) Planning and Scheduling, (ii)
Resource Management and Contacts, (iii) Records and Documentation, (iv) Contract
Implementation, and (v) Quality and Value Engineering affect the performance of construction
projects. Accordingly, the present study set out the following hypotheses with the aim of investi-
gating the effects of these five key latent variables on construction projects performance:

Hypothesis 1: Planning and Scheduling Factors (PSF) affects the overall Project Performance.

Hypothesis 2: Resource Management & Contacts Factors (RMCF) affects the overall Project
Performance.

Hypothesis 3: Records and Documentation Factors (RDF) affects the overall Project Performance.
Hypothesis 4: Contract Implementation Factors (CIF) affects the overall Project Performance.

Hypothesis 5: Quality and Value Engineering Factors (QVF) affects the overall Project Performance.
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Figure 5. Hypothetical model of
the latent variables affecting
project performance.

In this model, a total of sixteen (16) coordination factors were included as the observed
variables. Meanwhile, five (5) latent factors were identified using special features of SEM as the
indicators for the observed variables. The final SEM-coordination Factors-Path Model includes
a total of 24 interactive coordination-path scenarios whereby each is derived from one of the
coordination factors sources that are inherent in project performance. A proposed graph of the
structural model is illustrated in Figure 5 in which the arrows demonstrate the route of theorized
effects in the proposed structural model.

4. Results and discussion

The purpose of analyzing the validity and reliability was to decide the accuracy of the collected
data obtained from the questionnaire. Accordingly, three tests were conducted to assess the
appropriateness of the model relative to the associations amongst the latent variables as well
as the basic measured factors. Meanwhile, the reliability test of the measurement factors illus-
trates the power of the measurement of the latent variables via the subjective scale that is relative
to the error in judgmental preferences. In the present study, the consistency of the measurement
model was subsequently recognized after conducting Cronbach’s reliability analysis as suggested
by (Creswell, 2013). The cut-off point of 0.7 was used to specify the adequate level of preliminary
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Table 3. Individual items reliability and constructs validity

Group/Construct Factor AVE CR Alpha
PSF PLA 0.641 0.877 0.914
SCH
MEE
APP
RMCF JSv 0.632 0.896 0.818
TEM
coc
RDF REM 0.621 0.824 0.751
DRD
CIF CcoD 0.687 0.832 0.792
MAC
cLp
QVF WOI 0.674 0.864 0.851
DSC
QUA
VAE

consistency. The factors measuring all five latent variables in the last SEM resulted in a high degree
of reliability between 0.751 to 0.914 which exceeded the cut-off point as illustrated in Table 3.

Next, analysis with an Average Variance Extracted (AVE) and communality from latent variables
was implemented following the Cronbach’s alpha analysis. AVE determines the quantity of differ-
ence captured by a latent variable from its measurement items that are relative to the amount of
variance due to measurement errors. Moreover, a rudimentary supposition is that the average
covariance among indicators must be positive. The analysis results presented in Table 4 confirmed
that the AVE and the communality of all constructs are more than 0.50. Hence, it can be concluded
that at least 50% of measurement variance is apprehended by the latent variable with the cut-off
values of 0.7 for CR, while all the measured values are larger than 0.7. Therefore, the measurement
model was considered satisfactory with the evidence of adequate reliability and convergent
validity.

On another note, a discriminant validity analysis was carried out in order to determine the
extent to which a specified latent variable is dissimilar from another. In the current research, the
cross-loadings analysis was adopted to check the discriminant validity of the measurement model.
More importantly, this analysis of cross-loadings must produce an outcome that provides greater
association amongst the measurement variables as well as the corresponding latent variables.
Apart from that, the suitability of data for factor analysis was evaluated using the KMO test. The
value of KMO test for the present study was calculated to be 0.848 which is greater than the cutoff
point of 0.6 (Kline, 2015). Therefore, the data were suitable for factor analysis. Table 4 illustrates
that all measurement factors have greater associations on the relative latent variables in the
model which leads to a distinct protest of the discriminant validity of the five latent variables in the
model.

The cross-loading value shows a higher correlation level of constructs with their relative variable
compared to the correlation of their relative variables with other constructs. Overall, it can be
determined that the indicators measured in the present study have satisfied the conditions of
discriminant validity. Therefore, the model satisfied the conditions of convergent validity.
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Table 4. Factors cross loading on the latent variables

Measured Correlation with respect to the latent variables

variables PSF RMCF RDF CIF QVF
PLA 0.693 0.218 0.367 0.261 0.364
SCH 0.784 0.389 -0.258 -0.030 0.231
MEE 0.659 0.310 0.241 0.242 0.321
APP 0.802 0.132 -0.095 0.376 0.362
Jsv 0.133 0.673 0.184 0.278 0.376
TEM -0.120 0.688 0.284 0.215 0.272
CcocC 0.094 0.863 0.353 0.254 0.364
REM -0.013 0.307 0.987 0.208 0.361
DRD 0.305 0.253 0.867 0.421 0.324
COD 0.318 0.229 0.256 0.765 0.203
MAC 0.356 0.337 -0.027 0.778 0.078
CLP 0.024 0.122 0.109 0.789 0.109
WOI 0.343 0.325 0.236 0.078 0.801
DSC -0.037 0.048 0.364 0.206 0.763
QUA -0.109 0.013 0.275 0.208 0.849
VAE -0.019 0.362 0.214 0.021 0.926

Note: The highest person correlation coefficient (p < 0.05) are marked in bold.
Refer to Table 1 for the explanation of the variables

The primary hypothesized model shown in Figure 5 was analyzed using AMOS 20.0.0 software.
The purpose of adopting AMOS is due to its ability to provide results for saturated and independent
models. The saturated model consists of all possible relationships which are defined, whereas the
independent model contains estimated minimum numbers of parameters. Hence, this indicates
that the two models stand at extreme points, while any proposed model can be in between these
two models. In the case of the current research, GOF indicators of the last model managed to
satisfy the suggested cutoff points after three iterations as well as deletion and addition of some
covariances. Apart from that, various measures of goodness of fit exist; however, all SEM specia-
lists tend to assess the models by calculating more than one of these measures. Kline (2015)
recommended that the principles for best-fit measures are to be independent of sample size,
accurate, and consistent in evaluating the dissimilarity models. Accordingly, the no-normed fit
index (NNFI), comparative fit index (CFI), and the root mean squared approximation of error
(RMSEA) were suggested.

Modification indexes that were advised by the analysis software can be used to modify one or
more model specifications in order to enhance the fitness. Table 5 which illustrates modification
indexes for structural model clearly shows no significant reductions of Chi-Square derived from the
addition of new structural relationships in the left column. However, some significant reductions

Table 5. Summary of error covariance added to structural model run

Chi-square (df) CFI AGFI RMSEA
Initial Model 450.8 (147) 0.827 0.809 0.091
Add el, e3 441.6 (146) 0.888 0.816 0.087
Add el1, e12 432.3 (145) 0.892 0.819 0.085
Add el4, el6 401.2 (144) 0.908 0.853 0.080
Add e21, e23 399.8 (142) 0.956 0.895 0.075
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Figure 6. Final Structural
Equation Model of the factors
affecting projects performance.

on Chi-Square were expected as a result of adding some covariances among the indicators. Other
than that, it was determined that the model can be stable if no additional error covariance added
into the measurement model.

One of the effective features of the structural model refers to the assessment of the modifica-
tion indices whereby in most cases, theoretically paths may be recommended to enhance the
goodness of fit in the structural model. Figure 3 presents the modified model that was developed
into the final structural model. As can be observed, entirely significant path coefficients from the
primary structural model remain significant, while the power of the influence improves. More
importantly, the path coefficient between projects performance and RMCF latent variable improves
as shown in Figure 6.

Therefore, the final fit indices values of the final structural model illustrate that the developed
model managed to fill the collected data successfully because all the fill indices satisfy the criteria
as presented in Table 6.

Furthermore, SEM is able to check paths between the variables apart from the “goodness-of-fit”
measures. The standardisation of the coefficients based on standard deviations of the variables is
a methodology that is normally applied to ensure the coefficients are comparable. In fact, the
changes in the estimated effect for standard deviation in one variable can be compared to
a standard deviation change in another variable. Meanwhile, the causal paths can be assessed
in terms of statistical significance and power using the standardised path coefficient which varies
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Table 6. Goodness of fit indices values of the final structural model

Fit Index Criteria Value
Chi-square p>0.01 399.7
Chi-square/df <23 2.812
GFI >0.90 0.884
AGFI >0.90 0.895
CFI >0.90 0.956
NFI >0.90 0.933
TLI/NNFI >0.90 0.947
RMSEA <0.08 0.075

between -1 and +1. Apart from that, it should be noted that the statistical results must be greater
than * 1.96 for o 0.05 in order to specify that the null hypothesis can be rejected. The refusal of the
null hypothesis indicates that the structural coefficient is not zero. Subsequently, associations
power between the variables can then be decided by checking the statistical significance of the
standardised paths. According to Chin (1998), standardised paths must be at least 0.20 and
preferably more than 0.30 in order to be considered significant for debate. The calculation of
standardised paths of a hypothesised model is presented in Table 7.

The interpretation of the path coefficient value (of 0.896) is described as follows: Project
Performance can be estimated to increase by 0.81 from its own standard deviations while holding
other relevant regional connections constant provided that Planning and Scheduling Factors
increases by one standard deviation from its mean. Meanwhile, the positive sign of the coefficient
indicates a direct proportion among the variables. Additionally, a more significant variable can be
considered as an indicator of coordination factors group for higher coefficient value. The analysis
outcomes are recognised to be adequate on all statistical parameters recommended by the
statisticians. Hence, the five paths in this hypothesised model were found to be statistically
significant. However, the structural model of coordination factors developed can be retained as
one of the probable representations of the collected data. Subsequently, five conclusions of direct
and significant relationships managed to be drawn as follows: (1) planning and scheduling factors
have a positive effect on coordination process, (2) resources management and contacts factors
show positive impacts on coordination process, (3) record and documentation factors demonstrate

Table 7. Standardised paths of a hypothesised model
Hypothesis Causal Path Path Coefficient P-value

H1 Planning and Scheduling 0.896 0.0000
Factors (PSF) -
Project Performance

H2 Resource Management & 0.941 0.0000
Contacts Factors (RMCF) »
Project Performance

H3 Records and 0.913 0.0002
Documentation Factors
(RDF) -
Project Performance

Ha4 Contract Implementation 0.971 0.0004

Factors (CIF) »
Project Performance

H5 Quality and Value 0.916 0.0001
Engineering Factors (QVF)

>
Project Performance

Page 17 of 20



Alaloul et al., Cogent Engineering (2020), 7: 1726069 “lk;' Cogent Y=l g | nee ri N g

https://doi.org/10.1080/23311916.2020.1726069

positive impacts on the coordination process, (4) contract implementation factors have positive
effects on coordination process, and (5) quality and value engineering factors are shown to be
positive with the coordination process.

The final SEM outcomes further suggested all parties participation in plans (APP) as the key
factor that provides a significant impact on planning and scheduling group in the Malaysian
construction industry. Linking the outcomes to Iyer and Jha (2003), parties participation in the
planning stage was stated as one of the main factors in determining the project scope, contractors
supervision, observation of growth, and cost and quality adjustment. Moreover, a high positive
path coefficient for all parties participation in plans (APP) clearly proposed that the possibility of
occurrence of this factor has a substantial effect on the overall impact of project performance.
Meanwhile, the second important factor influencing construction project performance refers to the
drawing documentation (DRD) which has a coefficient value of 0.87 under the group of records and
documentation (RDF). Hence, this result is consistent with a previous study of Saram and Ahmed
(2001) which states that precise technical documents such as drawings play a serious part in
achieving better performance. Conventionally, drawing documentation in terms of overlapping
activities’ coordination and giving execution plan of responsibilities to all parties involved for
efficient site management is highly significant in accomplishing improved performance of con-
struction projects.

5. Conclusion

The present study clearly demonstrated the impact of the construction industry as well as the lack
of appropriate project performance, particularly in terms of cost, time, and quality. However,
a general effort to mitigate the problem of poor performance among the parties involved in
construction projects is deemed necessary. More importantly, the significance of coordination
process exposed in the current research should be deliberated and better integrated during the
project lifecycle to ensure enhanced performance due to the advent of rapid progress in construc-
tion projects. Additionally, the present study applied several coordination factors; however, their
effectiveness needs to be evaluated to ensure that they are correctly applied. Other than that, the
present study also investigated the performance based on the joint influences of the coordination
factors. The current study adopted the most common coordination factors in construction projects
and other disciplines by further classifying them into five latent main factors. A questionnaire
survey was arranged by including the main coordination factors in lieu of the five latent constructs
from the literature as well as experts’ recommendations. In this case, a total of 610 questionnaires
were distributed to the pre-selected participants; however, only 325 valid feedbacks were ana-
lyzed through descriptive statistics and Structural Equation Modelling (SEM). Accordingly, a two-
step SEM model was developed to evaluate the five constructs from their constituent variables as
well as to check the validity of the hypothesised association. Therefore, the analysis concluded
that the hypothesis set for the present study are accepted with a high path coefficient, followed by
the development of the last structural model based on the satisfactory principles on GOF
indicators.

The results of SEM analysis derived to the conclusion that projects performance can be enhanced
by determining the obvious parts and duties of the owner, contractor, and consultant.
Nevertheless, there are some limitations despite the best effort placed in the present study and
the significant contribution achieved by the present study. Hence, future works are recommended
to enhance and refine the constructs. First, the sample data size was not large enough to general-
ize the SEM results obtained in the present study. Hence, more exploration must be conducted with
a greater sample size in order to validate the model. Second, a comparable study for infrastructure
projects in all their types might yield dissimilar results. Third, the SEM study is fully dependent on
the questionnaire data which is known to be belief-based rather than factual project-based
information. Accordingly, it is expected that these results will substantially contribute to the
construction sector, particularly in assessing and enhancing project performance.
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