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Abstract — Achieving stakeholder satisfaction and attaining the objectives are considered indicators of success
in construction projects. Performance criteria may consist of one or more indicators influenced by project's
stakeholders and characteristics. This study uses an exploratory factor analysis (EFA) and confirmatory factor
analysis (CFA) to determine the key indicators affecting project performance from the contractors’ viewpoint. A
set of 120 structured quantitative questionnaires survey were distributed to actively registered G7 contractor
companies in Pulau Pinang. Ten hypothesized factors consisting of 42 indicators were measured using a five-point
Likert scale and subsequently analyzed using SPSS software. Results of EFA showed eight re-evaluating affected
factors of construction project performance in Pulau Pinang; most notably, factors such as Labor, equipment,
consultant, and contract (LCC) which consists of fifteen indicators, giving factors loading of 0.495 to 0.804,
Eigenvalues (20.5), and variance (48.9%). Based on stakeholders’ perspective, CFA identified four statistically
significant project performance factors: LCC, People, Time, and Project characteristic with factor loading and
covariance values > 0.7 and < 0.8, respectively. By pinpointing these factors and validating them via a dual-phase
statistical approach, this study provides actionable insights for enhancing performance in sustainable construction
projects, offering practical value to stakeholders and contractors in similar contexts, particularly during difficult
situation in project delivery.
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1.0 INTRODUCTION

The global construction business size was valued at 7.28 trillion USD in 2021 and expected to increase to 14.1
trillion USD by 2030, with a Compound Annual Growth Rate of 7.3% from 2022 — 2030 [1]. The Asia-Pacific
region holds of a significant share of the global construction business: the region is anticipated to pursue market
domination for forecast years due to factors such as growing population, advancement in technology, adequate
regulatory policies, favorable government standards, and continuing construction activities. Although construction
businesses worldwide have analogous profiles, some of these businesses remain largely country-specific and socio-
economic [2]. Unlike global business profiles, the production processes of construction projects in developing
nations are dubious, which makes it exhausting to attest quality.

Delivering project success is the goal of every project stakeholder. Stakeholders are comprised of various
professions and organizations that are part of a competitive project-based domain of complex specialized services.
The goal of all stakeholders is to construct built environments for the user and client. Unfortunately, unforeseen
circumstances alter pre-agreed terms, which trigger delays and lead to loss of time and money [3]. Thus, the non-
success of a project to deliver what is stated in its targets typically have a negative effect on the practitioners
involved. For example, the client encounters low productivity, profit loss, and increasing reliance on facilities [4].
The successful completion and quality of service delivered by the construction teams many times become a topic
of in-depth studies. In Malaysia, Yap et al. [2] rules out how poor project schedule management continues to plague
construction projects, and many studies shed light on the pivotal topic of adversely lessening the timely completion
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delivery of projects. Some clients understate the effects of substandard consultant work on the success of a project.
Janatora et al. [5] stated that perception on the public projects in third-world countries is entirely underachieving.
Low profitability from lack of training, limited trust, poor communication, and adversarial relationship are among
the key issues explored by researchers in Malaysia. Salleh et al. [6] mentioned that delays in providing instruction
and approval have been a major concern to contractors in Johor despite financial problems. Numerous delays, cost
overruns, reworks, variations, claims and conflicts would be discovered back to fallacious design, delay in
reviewing design documents, faulty contract administration, and lack of technical observation from the client’s on-
site representative [7]. Thus, for projects to be efficient and successful, this study explored the correlation of
performance factors, such as cost, time, quality, and profitability, as indicators of project completion.

Tracking and deliberately analyzing Key Performance Indicators (KPI) assist a construction company create long-
term resilience while achieving short-term predefined goals. Performance is about effectiveness and achieving
desired results. KPI focuses on vital signs that depict the business of one company. It functions according to plan,
referring to ways in which the company operates. Most studies have been on financial and multi-dimensional
performance indicators [8]. Since 1980, multiple aspects of non-financial indicators have been analyzed to improve
the overall performance of projects [9]. These aspects of non-financial indicators are what managers must follow
to create reliable predictions for their project’s progress. Prognostications could assist contractors in monitoring
and controlling projects during the execution phase, wherein teams can provide warnings of potential issues.
Nevertheless, performance prediction is complex and is vigorously linked to many indicators [10]. Any
modification of one indicator could affect all other indicators and consequently affect projects’ entire construction
performance due to their intricate and interconnected systems. According to Cleary and Lamana [11] and Rivera
et al. [12] , construction managers, as project delivery companies, should direct the project to achieve their
definition of project success. The team must emphasize the perception of project factors, statistics, or indicators
associated with project management accomplishments such as profit. The Project Management Institute recognizes
that achieving construction project specifications has eleven essential knowledge domains: integration; scope;
schedule; cost; quality; communication; risk; procurement; stakeholder; health, safety, security, and environment;
and financial management [13]. Self-assessing performance and foreseeing potential problems are important for a
contractor to control the planned level of expenditure and for independent performance enhancement [14, 15]. This
influenced the current authors to analyze the framework of the multi-dimensional performance for an efficient
measurement of projects performance.

In Malaysia, studies on evaluation of performance at the project level generally explores within its three main
indicators: time, cost, and quality. Yusof et al. [16] studied a framework for mitigation measures of low
performance for public projects. Kamaruddeen et al. [17] investigated factors causing overrun in projects in
Sarawak. Muhamad and Mohammad [18] studied the effects of design changes in the project, while Chan [19]
previously proposed critical success indicators for construction projects. Cheung et al. [20] suggested that at the
project level, conventional indicators become an inefficient consideration of project success. All of the mentioned
studies merely focus on the causes using a single parameter of either agreement or frequency, which could limit
the reliability of their findings. Moreover, investigations on the project performance evaluation at the company
level remain at the minimum. In real situations, different factors, apart from the conventional key indicators affect
project performance both directly and indirectly. Therefore, this study analyzed the key indicators affecting project
performance from deeper insights of contractors’ viewpoint in Pulau Pinang using exploratory and confirmatory
factor analyses. Exploratory factor analysis (EFA) is normally applied in the early stages of research to detect the
underlying structure of a relatively unknown dataset, without setting preconceived structures on the outcome.
Unlike EFA, Confirmatory Factor Analysis (CFA) is used when there is an obvious hypothesis about the structure
of the data. This offers a more rigorous method compared to other forms of analysis, such as principal component
analysis (PCA) as it accounts for evaluation error and allows for further testing of model fit [21, 22]. By combining
these two analyses, this study explored potential factor structures of construction performance using EFA. It then
confirmed these structures with CFA, thus enhancing the robustness and validity of the findings. This two-step
approach is often more sophisticated and reliable than methods used in older studies that either did not test factor
structures or relied on single methods. This study’s findings may help researchers and stakeholders in developing
a framework for alleviating the issues that trigger non-performance business from planning until reaching its
completion phase of projects in Malaysia. Figure 1 shows the conceptual flow of the study and its relationship with
project performance.
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Figure 1 Conceptual flow of current study

2.0 LITERATURE REVIEW

The construction business is a high-value industry all over the world. The technology’s scope and complexity are
increasing in most cases. The business represents civil engineering works of construction such as hospitals, schools,
homes, hotels, factories, roads, highways, dams and others [23]. It is a huge, labor intensive, and project specific
industry that has a significant effect on the efficiency and production of other industries [18, 22, 24]. Although
these businesses demonstrate a constant rise in developed continents such as Europe due to increasing renovation
activities of residential infrastructures, Langston [25] suggested a gradual possible rise in project complexity. The
author highlighted that the USA is annually outperforming Australia in constructing modern buildings by 1.10%.
Meanwhile, in several developing countries, this business is outpacing population and contributes approximately
10% to gross domestic product, increases employment, capital, and interchange between different economies [23,
26-29].

In Malaysia, the 2020 Budget grants of MYR 48.8 billion for states and signifies an increase in agreement following
the 12" Malaysia Plan. The 10" Malaysia Plan allocated MYR 250 billion for national development and facilitation
funds undertaken by the construction business [30]. Despite the significant capital investment and the
acknowledged role of construction in contributing to national economics, the industry often faces issues such as
time slippage and cost overruns, leaving clients dissatisfied with their construction project experience. Jatarona et
al. [5] reported that there were 426 delayed projects between 2011 to 2013, along with a decrease of 20% in the
number of non-performance projects which is consistent with higher allocation to the public construction budget
of MYR 550 billion in 2013. Previously, projects confirmed to be executed within the specified budget were 46.8%
and 37.2% of public and private projects, respectively [31]. Meanwhile, 20.5% of public projects and 33.35% of
the private projects were delivered within the period.

The construction business is intrinsically complex due to the large number of stakeholders involved, including
clients, contractors, consultants, shareholders, and regulators [32—35]. For stakeholders, team relationships form
and disband on a regular basis. Several interconnected issues and components between teams might affect project
performance. Hence, construction business performance remodeling has influenced research activity within the
business for more than 50 years [26]. Globally, studies on project success aimed highly on time delivery [35-37],
project delivery within budget [37, 38], client satisfaction, and safe project execution [39—41]. Similarly, Siew [42]
measured the finance performance of construction companies in Malaysia, and Ali and Rahmat [7] investigated the
performance measurement of projects managed by ISO-certified contractors. Safety practice in construction was
explored by Razak et al. [43], and the effects of innovation and research and development in project performance
were studied by Raman [44]. Additionally, Sulaiman [45] explored client satisfaction, while Salleh et al. [6] studied
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stakeholders management for excellent project performance. Good construction project performance is when the
project is free from any defects and conflicts among the stakeholders. Stakeholders are often powerless due to the
project being controlled by various factors, which can either be intrinsic or extrinsic [3]. Unsatisfactory project
performance is not entirely due to the contractor and can be from the client and consultant. Findings by Muhammad
and Mohammad [18] mentioned that design reviews originating mainly from the client's side are important factors
that cause time and cost overrun. Meanwhile, Yusof et al. [16] highlighted that the project quality deteriorates due
to contractors ignoring the terms and conditions prescribed in the contract. Ramli et al. [4] mentioned that
contractors ruled out significant characteristics of slow reviewing instruction and approving cause of non-
performance of project.

Clients of public projects are initiating a pre-qualification model for selecting the most suitable contractor or
completion method based on the interrelation between project performance and project distinctives. Adeleke et al.
[23] suggested that the factors of schedule and quality have positive effects, while cost has a considerable negative
control to Malaysian contractors. The prolonging of extended time given for completing project will reduce profit
margin of the contractor, and if the issue continues, it will disrupt the contractor’s cash flow. Even worse, if the
company relies on bank loans, the accumulating interest can lead to financial collapse and insolvency [6]. This
outlines the importance of the contribution of the affected indicators faced by the contractors.

Performance management is vital in construction because it allows managers to identify how personnel can
contribute to the project's methodology and success [46, 47]. Managers may use comprehensive performance
monitoring to swiftly identify and resolve problems, motivate and engage employees, keep them on track, and
increase productivity and profitability [48-51]. Ten performance factors were identified to affect construction
projects in India, such as client relation, safety, schedule, cost, quality, productivity, finance, communication and
collaboration, environment, and stakeholder satisfaction [51, 52]. Soewin and Chinda [53] indicated that errors in
determining project scope and lack of understanding of quality goals and policy are the most significant factors
affecting construction performance in Thailand. For Bitamba and An [54], the main factor contributing to poor
construction in Congo is the lack of modern construction equipment. However, Simukonda and Kamwela [55] and
Abbasbhai and Patel [56] reported that site preparation time can potentially be used as a predictor of project success.
Similarly, Ademola et al. [57] stated that time is a main factor determining the success of construction in Nigeria.
Another important factor to ensure successful construction is the cost. Cost overruns are common and are inevitable
without proper management. Slow delivery of materials and subcontractors were seen as contributing to problems
in construction [58]. Material loss during construction and the use of low-quality materials result in higher-than-
expected construction costs [32], largely due to poor material management systems. Meanwhile, because of the
inability to prevent cost overruns, many Thais construction enterprises have collapsed [53]. These abovementioned
research findings are used to analyze construction performance herein (Table 1).

In this case, despite the considerable growth in the global construction industry, particularly in regions like Asia-
Pacific, where construction projects are the key role in economic development, the assessment of construction
project performance remains limited on conventional parameters for instance delivery of project, resources
availability, and fit-to-purpose quality. Existing studies on these criteria in Malaysia have mainly aimed on public
projects or singular aspects of performance such as delays, cost overruns, and design changes. While these factors
are integral to understanding project success, this procedure may limit the depth and reliability of outcomes by
overlooking other dimensions of project performance. The evaluation of construction project performance at the
company level specifically from the contractors’ perspective, remains underexplored in Malaysian context.
Additionally, while the importance of sustainability in construction is increasingly acknowledged globally, there is
minimal focus on how sustainable practices are incorporated and assessed within the Malaysian construction
industry. Particularly, in regions experiencing rapid economic and industrial growth such as Pulau Pinang, there is
aneed to explore how sustainability can be linked with construction performance goals. Therefore, this study sought
to fill these gaps by conducting in-depth analysis of multi-dimensional construction project performance in this
state via the lens of contractors’ viewpoints, thus providing a more holistic view of the factors influencing project
success in Malaysia.
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Table 1 The Hypothesized Factor and Indicators Affecting Construction Performance

Factor Indicators/Code References
Types of projects (TOP) [4, 48]
Project Size (SOP) [14]
Characteristic Construction techniques (NCT) [14]
(PC) Accessibility to the site (ATS) [7, 16]
Conflict at site (CPS) [3, 14, 41]
Time for document approval (TDA) [2, 6]
Contract duration (CTD) [12]
Delays of subcontractors’ works (DLS) [12, 25]
Time (TM) Time for imported material (PCD) [12, 32]
Demolition and rework (DAR) [8, 27, 48]
Delays payment to subsontractors (DPS) [12, 48]
Shorter completion duration (SCP) [3,7]
Error in determining the project scope (EDP) [4,12]
Payment terms (PAT) [3, 53]
Cost (CT) Inaccurate estimation (IAE) [12]
Increase in overhead expenses (I0E) [16]
Additional revenue by contractor (ARC) [2, 16]
Design change (DSC) [3, 5,12, 18]
Lack of team leader’s commitment (TLC) [4,12]
Lack of technlcal skill of team leader (TSP) [12]
Late decision about design change (LAE) [48]
People (PE) Lack of technical and experinced manpower (TEM) [4, 48]
Lack of subcontractor skills (LSC) [25, 41]
Decrease in productiovity of workers (DPW) [4,12]
Desputes between parties on contract (DPC) [5, 48]
Unvailabilty of skill workers (USW) [2, 48]
Technology change (TCC) [48]
Labor, Equipment Improper quality control of materials (IQC) [48]
and Material Insufficient suplly of materials (ISM) [16]
(LM) Excalation of material prices (EMP) [2, 3, 48]
Lack of moderm equipment (MCE) [16, 48]
Inappropriate use of material (IUM) [4, 16, 32]
Material theft and damage (MTD) [55]
. Lack of understanding of goal and policy (UQP) [16, 53]
Quality (QT) Poor workmanship (PWP) [4, 16]
Lack of supplier quality management (SQM) [43]
Safety and Health ~ Delay of implementation on health and safety awareness (HSO) [8, 39, 40]
(SH) Level of safety awareness (LSA) [39, 41]
Site condition (SCD) [4, 41, 56]
Degregation of health and safety amongst workers (DHS) [4,12]
. Unavailability of fund, machinery, and materials (FMP) [12]
Project Poor site management (PSM) [48]
Management Waiting time for approval of tests and inspections (WAI) [4, 48]
(PM) Mistakes duirng construction (MDC) [25, 43]
Changing in economic condition (CEC) [4,12]
Absence of consultant’s site staff (ACS) [7]
Contract management problem (CMP) [4, 37, 43]
Consultant (CN) Slowness in giving instruction and poor coordination (SIC) [4, 50]
Delay in reviewing the design documents (DRD) [12, 16, 47, 48]
Poor inspection by the consultants (PIP) [16, 27]
Safety consideration in design (SCP) [8]
Inadequate design and specifications (IDS) [3,5,49]
Lack of cost planning at pre/post contract stage (CPP) [4,5,12]
Scheduling and Inadequate review for drawings and contracts (IDC) [12, 37]
Contract (SC) Uncertainty of supervising teams (CQR) [4,41]
New government regulation (NGR) [12, 15]
Discrepencies between contract documents (DCD) [5,7,12, 28]
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3.0 RESEARCH METHOD
3.1. Exploratory Survey

An exploratory survey questionnaire was initiated based on 57 indicators with 10 hypothesized factors to gain data
on performance measurement at the company level. The targeted respondent group consisted of managers at the
head of department level (or higher) with at least five years of experience in construction. The 12 respondents were
based in the Northern Region States of Malaysia including Perlis, Kedah, and Pulau Pinang who have been involved
in different decision making associated with construction improvement process of the company. Three of the
respondents from Pulau Pinang were counted for the next stages of the pilot and main questionnaire surveys. These
three states were chosen due to their growth associated with the notable increase of construction project
development [59]. There were three sections in each set of questionnaires. Section A includes six guestions related
to the demographic information of the respondents. Section B covers the elements affecting construction
performance. To minimize the respondents’ bias, a fixed choice of closed-ended responses was designed for this
section. The Statistical Package for the Social Science (SPSS) software was used to analyze data the of respondent’s
frequency, and its percentage. The value of the Average Index (Al) was assessed to obtain three highest ranked
hypothesized factors according to Equation 1 [60]. Table 2 shows the range scale of point to calculate whether the
respondents are Strongly agree or Strongly disagree with each of the statement. Section C is for suggestions and
comments.

2(a;.x;)

Average Index = ————
g X

(M

Where, x; is number of respondents agreeing with an indicator choice, a; is score at index of Likert scale, and i is
1,2,3,4, and 5.

Table 2 The range of Likert scale points

No Rating answer Range value
1 Strongly disagree 1.0 <AI>1.5
2 Disagree 1.5<AI>25
3 Neither agree nor disagree 25<AI>35
4 Agree 3.5<Al>45
5 Strongly agree 45<AI>5.0

3.2. Design of Survey Instrument

The research design and questionnaire formulation were established through an extensive literature review, which
included determining the title of research project, the problem statement, objectives of the study, research scope,
and study limitations (Figure 1). This study used a systematic empirical research design of quantitative properties
and phenomena, which allows for the use of structured questionnaire surveys and allows researchers to generalize
their findings from a sample population [61].

3.3. Pilot Study

A pilot study was conducted on 10 experienced construction personnel based in Pulau Pinang with a minimum of
five years of experience. To ensure the originality and avoidance of any hidden accurate information, all survey
respondents remained anonymous. This study provided advanced guidance on the main questionnaire construct on
terminology and question flow, and the appropriate range of answers. Table 1 shows 42 indicators for the final
questionnaire survey retrieved via pilot study. Variables such as Additional revenue for contractor (ARC),
Demolition and rework period (DAR), Degradation of health and safety amongst workers (DHS), Changing in
economic condition (CEC), New government regulation (NGR) and Safety consideration in design (SCP) were
marked as unimportant indicators by panels of the pilot study based on the corresponding state’s current social,
political, economic, and technological circumstances. Mistakes during construction (MDC) and Poor workmanship
(PWP) indicators were indirectly explained through Poor site management (PSM) and Lack of technical and
experienced manpower (TEM), respectively.
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Meanwhile, Disputes between parties to the contract (DPC) indicator was indirectly explained by Uncertainty of
supervising teams in dealing with the Contractor’s queries (CQR) and Discrepancies between contract documents
(DCD). The indicator Decrease in productivity of workers (DPW) was removed which was explained by Lack of
technical skill of team leader (TSP) and TEM. The indicator Conflict in the project site (CPS) was explained by
Site condition (SCD) and Accessibility to the site (ATS). The indicators of Increase in overhead expenses (IOE),
Delays payment to subcontractor (DPS), Inadequate design and specifications (IDS), and Technology change
(TCC) were explained by Inaccurate estimation (IAE), Payment term (PAT), Design change (DSC), and New
technology technique (NCT), respectively.

3.4. Sampling Method and Size

The class of G7 contractors was chosen because they are primarily responsible for a substantial amount of the
industry’s output. This class exhibit higher tendering and constructing capacity than other contractor categories
[62]. The selection of this group ensures that the study focusses on companies with the highest capacity for handling
complex projects. A total of 120 questionnaire surveys were distributed following the information of pilot study
and exploratory interviews, and after accessing respondents’ email profile. The selection of these respondents was
constructed by several considerations based on both methodological and practical factors. First, the size aligns with
prior studies in the construction industry that have successfully used similar numbers of respondents to statistically
meaningful results while maintaining feasibility [63, 64]. According to the Central Limit Theorem, a sample size
of 30 or more is generally considered adequate to provide reliable data for factor analysis [65]. Given that, this
present study carried out both EFA and CFA, this sample size ensured that the results are robust and can be
generalized within the context of G7 contractors in Pulau Pinang. In addition, this target population was carefully
determined from Construction Industry Development Board database, which lists 578 companies in the state. The
120 respondents represented a stratified sample that spans various sector such as building, infrastructure
engineering, mechanical and electrical, and facility management, capturing the diversity within the size-to-variable
ration of 3.1 or greater was suggested, and the authors adhered to this guideline by surveying 120 respondents to
analyze 42 indicators [66, 67].

EFA was conducted to extract the 42 indicators into key factors linked to construction performance. This method
was performed to assess the validity and reliability of measured variables. This technique analyzes the
unidimensional key factors of each defined construction performance of its original variables, which will then be
minimized to a common score factor by examining relationships among these quantitative factors. Next, the final
framework of the EFA model of the eight constructs was used for Analysis of Moment Structure of Confirmatory
Factor Analysis [68]. Then, the PCA was used for confirmatory of factors to standardize the range of steady initial
variables with each of them equally contributing to the analysis, thus avoiding biased results. Obtained survey data
was run through these methods during the identification of the factor and factor loading value of measured
variables, thereby validating the basis of pre-established theory [46]. The Varimax Rotation Method and factor
loading were set at 0.30. The Eigenvalues were extracted to explain whether the factors tested have a noticeable
effect on responses linked to variables of the original analyzed construct.

3.5. Data Analysis

The SPSS software was adopted to determine the factor analyzability of construction performance using inferential
statistics. This method is widely used and was chosen herein for both breadth and depth. In Section B, to rank the
10 factors consisting of 42 indicators affecting construction performance, the measurement of contractors’
viewpoint was rated on a close-ended five-point Likert scale. Data screening was used in the section to increase the
confidence of collected data. The normality test was used in data screening, which shows all elements were in
normal distribution. The significant p-value is 0.071 (> 0.05) for Kolmogorov-Smirnov. Next, for the internal
consistency reliability of factors in pilot study and confirmatory analysis, the Cronbach’s alpha value was tested at
a cut-off value of 0.835. The optimal inter-item correlation of mean was set at factor loading value of 0.3. To
confirm analyzability of data for factor analysis, Kaiser-Meyer-Olkin (KMO) and Bartlett's sphericity tests were
adopted. The KMO sampling adequacy measures a high statistical value between 0.5 and 1 which indicate that the
data was suitable for factor analysis, whereas a low statistic value (< 0.5) shows erroneous measurement. The
Bartlett's Test of Sphericity (BTS) provides statistical probability of correlation matrix contains significant
correlations among some of its components (p < 0.05 following Adeyemi & Aigbavboa [68]. For factor extraction,
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PCA was used to summarize the information into a minimum number of factors. This analysis concentrates on the
explanatory power of the first factor (or the principal components of data). When the number of variables (or
measures) is between 20 and 50, it is more reliable to use Eigenvalues method in extracting factors as it provides
easier interpretation. The highest Eigenvalues show the principal components in data, which were retained to form
a set of a few new variables.

CFA is a statistical method for confirming the factor structure of a set of observed data [21]. This method was used
to identify the hypothesis of observed variables and their underlying latent construct, which depends on the
convergent validity metric values. Analyzing the initial measurement model conducted to all constructs to find the
goodness-of-fit, which required item modification via CFA, eliminated items based on theoretical reasons and
statistical analysis. To ensure that the data consistently conformed to theory, items were removed one at a time.
The validity value of average and composite reliability was obtained at > 0.5, and > 0.7, respectively.

4.0 RESULTS AND DISCUSSION
4.1. Demographic Profile

Figure 2 shows the 50 total returned survey forms comprised of staff from G7 companies which includes the project
managers (26%), site engineers (24%), and site safety supervisors (36%). While others (14%) consisted of senior
engineers, mechanical and electrical engineers, and quantity surveyors. The gender distribution shows 41.98% of
the respondents were female and 58.11% were male (Figure 2). While lower than the typical response rate in
construction studies usually between 55%— 65% as per Fosnacht et al. [69] and Neal et al. [70], the response rate
of 42% was reasonable given the specific context of this study.

Site safety
supervisor, 36%

Others, 14%

Mclé;
Female, 58.11%
4] 98% B :::

Site engineer, 24%

Project manager, 26%

Figures 2 (a) Position; (b) Gender of respondents

There were several factors contributed to this rate, such at timing of survey, invalid contract information, and survey
fatigues and lack of interest, and industry-specific challenges. Firstly, the survey was conducted online during the
tail end of the COVID-19 pandemic in 2021. This period gave unique challenges for businesses, particularly in this
industry. Many G7 contractors, the target respondents, were still dealing with disruptions caused by the pandemic.
Several companies dealt temporary cessations, project terminations, or staff reductions. These conditions likely
diminished their availability and interest in participating in surveys. Secondly, the email addresses of some
respondents were no longer valid. Many companies listed were either no longer operational or had reduced
activities due to the pandemic and the economic downturn. At the same time, the response rates to online surveys
are almost always lower than those retrieved when using on-paper surveys [71]. Additionally, contractors during
this period were likely experiencing high levels of stress, job uncertainty, and survey fatigue which reduced their
willingness to participate in non-essential activities, such as surveys. Survey fatigue is a documented phenomenon,
specifically in the wake of the increased number of surveys carried-out during the pandemic [72]. Lastly, in
construction sector, in general, tends to have lower return rates compared to other industries due to the demanding
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nature of the work and time limitations on professionals like project managers and site engineers. A 40%— 75%
range is considered acceptable across many fields [73], thus our 42% response rate aligned with the acceptable
thresholds for surveys conducted in similar sensitive and disrupted contexts [74].

The distribution of respondents aged between 21 — 29 and 30 — 39 years old comprised 34% and 24% of the total
sample, respectively. Most respondents (48%) had bachelor’s degrees, and master’s degree (24%), and diploma
(20%) as shown in Figures 3 (a) and (b).

40 50 48%
35 | 34% | s
40
30 ¢t
35
25 &
o 330
2 2 20% g
: (@ | % (b)
1~
o
& 15 ¢ i
12%
10%
10 F
5
0
30-39 40-49 50-59 >60 PhD Master ~ Bachelor  Diploma
Age Group (Year) Level of Education

Figures 3 (a) Working experience; (b) Type of company project

A third (32%) of the respondents had 6 — 10 years of experience, while more than a fifth (24%) had 1 — 5 years of
involvement in building and infrastructure construction of 44% and 32%, respectively as seen in Figures 4 (a) and

(b).

35 &%_ 45 — 44%
30 40
(b)
a |
24% ( ) 35 %

(o=
wn

Percentage
=]

1to5

6to 10

11to 15

16t020 >20
Work Experience (Year)

Percentage
[3=]
wn

N

Building Infrastructure Mechanical & Electrical Other

Company Project

Figures 4 (a) Working experience; (b) Type of company project

Based on this demographic information, the sampled respondents can be accordingly adjudged following project
performance in the business and can participate in this study. In addition, they were carefully selected to represent
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a broad spectrum of professionals within the construction industry. The respondents incorporate a diverse group of
workers employed by G7 contractors, consisting of site engineers, project managers, site safety supervisors, senior
engineers, mechanical and electrical engineers, and quantity surveyors. These roles are integral to the execution
and management of construction projects, especially within the building and infrastructure sector, which is the
focus of this study. The distribution of their qualifications and experience further supports the validity of including
them in the analysis. A significant fraction (44%) of the respondents have more than 11 years of work experience
in building and infrastructure projects, providing a solid foundation of practical knowledge pertinent to assessing
construction project performance. Additionally, 48% of the respondents hold bachelor’s degrees, and others possess
PhDs, diploma or professional certificates, underscoring their technical competence and expertise in the field. The
inclusion of individuals with various levels of experience and educational backgrounds ensures that the study
represents a broad range of insights, from strategic management perspectives to hands-on technical expertise. This
approach is in line with other studies in the construction industry that rely on respondents with diverse professional
backgrounds and experience levels to gain a comprehensive understanding of industry practices and performance
metrics [75, 76]. In related studies, diversity in participants’ experience and qualifications has been shown to
improve the credibility and generalizability of findings. For instance, Zhang et al. [76], noted that including
engineers, project managers, and supervisors with various educational qualifications contributed to more reliable
findings in construction performance analysis. Lew et al. [75] highlighted the importance of work experience in
assessing accurate performance data in construction projects. Thus, the demographic background of these particular
respondents not only represents the composition of primary roles in the construction industry but also ensures that
the study results are grounded in a range of perspectives required for understanding sustainable construction project
performance.

4.2. EFA of Construction Performance

EFA was used with PCA with Varimax Rotation on the 42 indicators affecting construction performance in Pulau
Pinang. The result of KMO value was at 0.620 which was above the minimum adequacy value of 0.600 [77]. The
BTS value was significant (p < 0.05), with an approximate Chi-Square value of 2537.4. These values indicate
consistency and sufficient correlation that exist within the data, which demonstrate that factor analysis could be
further carried-out. Table 3 indicates the eight factors affecting construction performance in Pulau Pinang.

Table 3 Factors Affecting Construction Performance and its Convergent Validity Values

Item Construct Factor Eigenvalues Variance (%)
Labor, Equipment, Consultant, and Contract
1 (LCC) 20.5 48.9
2 Project management (PM) 33 7.9
3 People (PE) 2.5 5.9
4 Scheduling (SD) 2.0 4.8
5 Material (ML) 1.6 3.7
6 Time (TM) 1.2 2.9
7 Project characteristic (PC) 1.2 2.8
8 Cost (CT) 1.0 2.4

The extracted factors were consistent with the previously hypothesized 10 factors except Labor, equipment, and
material (LM), and Safety and health (SH). These factors were reanalyzed with Schedule and contract (SC), and
Consultants (CN), Project management (PM), and People (PE) thus becoming new construct of Labor, equipment,
consultant, and contract (LCC), Scheduling (SD), and Material (ML). Total variance was equal to 79.33% for
cumulative percent in initial Eigenvalues. Table 4 shows the EFA results for construction performance in Pulau
Pinang.
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Table 4 EFA for Factors and Indicators Affecting Performance

Indicator Factor
LCC PM PE SD ML ™ PC CT
SIC 0.804
IDC 0.773
PIP 0.767
ACS 0.718
DCD 0.695
CPP 0.675
LSC 0.672
USW 0.651
FMP 0.638
CMP 0.602
DRD 0.598
LSA 0.581
LAE 0.555
DSC 0.517
CQR 0.495
ATS 0.804
DLS 0.714
1QC 0.706
SCD 0.704
IUM 0.660
MTD 0.618
SQM 0.606
SCP 0.562
HSO 0.562
PSM 0.474
WAI 0.439
TSP 0.815
TEM 0.735
TLC 0.712
MCE 0.756
EDP 0.534
UQP 0.440
EMP 0.783
ISM 0.766
PCD 0.609
CTD 0.833
TDA 0.729
SOP 0.812
TOP 0.711
NCT 0.582
IAE 0.656
PAT 0.528

EFA broke down 42 qualities into 8 factors, with all constructs having a factor loading of > 0.3. The Eigenvalues
for remeasures of explained variance of LLC was at 20.5% with a variance of 48.9%. Other constructs recorded
the Eigenvalues ranging between 1 — 3.3% (Table 3). The average Cronbach’s alpha value was obtained at 0.781,
which meant there is sufficient evidence of convergent validity obtained for this remeasurement. The LCC construct
consisted of 15 indicators, with recorded factor loadings ranging from 0.804 — 0.495. Indicators such as SIC, IDC,
PIP, ACS, DCD, CPP, LSC, USW, FMP, CMP, DRD, LSA, LAE, DSC, and QCR were found to have negatively
influenced construction project success in the state. The results show that, the indicator Slowness in giving
instruction and poor coordination (SIC) between stakeholders of the projects might lead to several adverse effects
on project performance. Slow in making decisions stipulates that delays in the whole project create a chain of
events. This indicator thus correlates with increase in time and cost.

Contractors would minimize the quality which expediting the work and fulfill the expenditure. This coincides with

Yusof et al. [51], which studied excusable delays for projects in Kuala Lumpur. Project performance factors

associated with delay and duration issues are often answerable for turning productive progress into failures [12].
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Project delays can be minimized through appropriate pre-project coordination and effective project management,
including proper response to instructions from the end of the client team representative. Most public clients
(particularly, the government) have a lot of bureaucratic bottlenecks that take longer time when it is involving
decisions from the top management. This may stem from issues of variation order, awarding of mechanical and
electrical nominated subcontractors’ contracts, and honoring valuation certificates. Variation order is related to
slow performance and most probably arises at private projects of high-rise building projects. Clients would argue
that the changing of plans was due to economic shifting, marketing schemes, and satisfying customers’ needs.
Meanwhile, non-performance of delay issue related to approval of materials could be due to poor instruction by the
client. It could also be from the architect's side, which may lack the time in issuing instructions requested by the
contractor due to the obligation to other projects. This result in line with other past studies such as by Adekunle et
al. [3] and Mohamad and Mohamad [18].

Next, Inadequate review for drawings and contract documents (IDC) was considered to be a significant indicator
causing poor project performance by the respondents. Inadequate review of drawings could be triggered by
incompetence wherein the designer may witness that many issues occur due to consultants’ inappropriate selection
during the contract stage of the project life cycle. It also indicates that construction design was insufficient [16]
when the client and their representative overlooked appropriate planning, which directly links both causes. Without
sufficient drawings, construction work is unlikely to be accomplished. Additionally, midway through the project,
the consultant reviews and redesigns the work, which then returns to the re-approval phase. This process affects
the entire system of the project, and numerous issues such as time, cost overrun, quality and despite transpire
between the teams. In some scenarios, respondents mentioned many contractors work with half-completed
drawings at time a project was awarded to them. As a product of a special nature, the construction business defines
a contract as having various characteristics unlike the general contract [37]. For example, a construction contract
involves a large amount of money, different stakeholders and authorities, long contract duration, new technology
and design buildability, and involves complex legal terms. Thus, insufficient contract management will
significantly lead to large errors in commissioning, delays in project settlement, and negative effects on the cash
flow of the contractors. Meanwhile, it is important for all stakeholders to keep adequate documentation and
reporting systems. This coincides with Ansari et al. [8], who suggested training the team staff on the necessity of
contract clauses and their value to minimize ambiguities, disputes, and resolve claims in enhancing project
performance.

4.3. Confirmatory Factor Analysis

The key factors of construction performance were determined via EFA (Table 4). These values were subsequently
validated with CFA, which enabled the authors to establish measurement indicators affecting construction
performance. Table 5 confirms the discriminant validity component factors with its Composite Reliability (CR)
values. The Average Variance Extracted (AVE) value (> 0.5) for all constructs were higher than normal levels,
thus supporting the CR and convergent validity of the constructs. For all four constructs, the Maximum Share
Variance (MSV) value was less than AVE, the Maximum Reliability (H) value was higher than AVE, and the
square root of AVE value was higher than the inter-construct correlations (0.26 — 0.67, Figure 5) which support the
discriminant validity of the construct [78].

Table 5 Validity and Reliability

Construct Factors CR AVE MSV Max1mu121Hl;ellablllty Squa;i/ti;)ot of
LCC 0.968 0.672 0.452 0.856 0.820
PE 0.855 0.662 0.452 0.755 0.814
™ 0.752 0.603 0.311 0.674 0.777
PC 0.700 0.508 0.311 0.674 0.713

Figure 5 shows the modification of four constructs of LCC, PE, TM, and PC run for CFA with its factors loading
(> 0.7) and covariance values (< 0.8). Following contractors’ viewpoint, it is possible to prioritize and order project
performance using the CFA method, which is as follows: LCC -PE, LCC -TM, LCC - PC, PE - L CC, PE
-TM, PE - PC, TM - LCC, TM - PE, TM - PC, PC - LCC, PC - PE, PC - TM were statistically significant
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(Figure 5). The first construct has a significant influence on the second construct, and so on. These four constructs
cover the entire range of activities of a project performance and the backbone of its success.
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The LCC construct captured the unique multidimensional indicators of a project performance associated with the
nature of labor, material, and equipment arriving in the right time and place; the necessity of competent consultants;
the complexity of the contract; and the scheduling and planning and awareness of safety and health which were not
specified by other factors. These characteristic indicators collectively defined the construction performance and
eventually identify the performance of a project. Contractor related factors subjugated the experience and skill
requirements of site managers, subcontractors, and laborers who execute construction work following the
prescribed managerial and technical identifications. Consultant related factors captured proper coordination of
giving instruction as representative of the client, availability of reviewed drawings, documentations for use by
contractors, and even to the extent of inspection of the project on-site.

Performance management paid attention to the construction organization's team and client, and provided a
competitive edge in the industry. The construction business may achieve its objectives by maximizing success and
avoiding failure. In the construction preparation phase, causes of delays include ineffective project planning and
scheduling, rising inflation/material prices, unavailability of onsite utilities, improper project feasibility studies,
design and drafting delays, design errors-failure, and poor instruction dissemination. During the post-construction
phase, delays occur during the approval of the documents, approval of work across the project, poor construction
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management and performance, material inflation and rising prices, delayed budget releases, and the approval for
high-quality materials [46, 48]. Moreover, the novelty of this study lies upon its remarkable contribution to
understanding construction project performance from the viewpoint of G7 contractors in this state. Pulau Pinang is
experiencing remarkable growth in construction activities, specifically in infrastructure and building development.
This makes it a suitable region for assessing sustainable construction practices. The proliferation of new industrial
parks for example Batu Kawan Park 2, and Bertam Technology Parks are set to provide vast job opportunities in
technology, property, as well as construction sectors. The intensified infrastructure rollout is mark to benefits
contractors at approximately MYR10 to 13 billion worth of contracts predicted in the coming year, induced by the
Pulau Pinang Transport Master Plan and development of new industrial technology park [79].

Through an integration of EFA and CFA analyses, the study identified crucial factors such as LCC that considerably
affect the success of sustainable construction projects. This intricate approach not only emphasized these KPIs but
also weighted the interdependence between contractors and consultants in delivering quality outcomes within the
given timeframe. For academic researchers and industry practitioners, the findings of this study contribute to: (i) a
customized understanding of the Malaysian context, particularly for construction firms in the northern regions, to
optimize resources and project management strategies; (ii) an evidence-based framework of statistical methods that
identifies factors influencing project performance (LCC, PE, TM, and PC), providing a robust framework that
industry stakeholders can adopt to ensure better project delivery and stakeholder satisfaction; and (iii) enhanced
decision-making, particularly for public authorities, such as for extensions of time and quality approval. This party
can use the identified KPIs to assess contractor performance, enhancing oversight on project timelines, quality of
output, and cost-effectiveness.

5.0 CONCLUSION

In conclusion, this study offers a comprehensive analysis of the key performance indicators that impact sustainable
construction projects in Pulau Pinang from the contractors’ perspective. The Labor, Equipment, Consultant, and
Contract (LCC) factor was identified as a pivotal enabler of project success, emphasizing the importance of
synchronized coordination and resource allocation. These findings contribute to the broader discourse on
construction project performance by incorporating sustainability considerations, offering both academic and
practical value. Contractors and policymakers can leverage these insights to redefine project management strategies
and enhance performance evaluation frameworks. Future research could expand on these findings by investing the
impact of technological innovations on project performance in evolving construction landscapes.
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