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Abstract—Construction projects around the world
continue to face delays that cause time overruns, cost
increases, and strained relationships between project
stakeholders. Delays occur due to multiple interrelated
factors, such as poor project planning, inadequate
resource allocation, design changes, contractor
inefficiencies, and external issues such as adverse
weather or regulatory approvals. The present study
aims to investigate the main delay factors in
construction projects and to analyze their statistical
significance. The research methodology includes a
review of the literature, data collection through
structured questionnaires and secondary project records,
and the application of statistical tools such as descriptive
statistics, correlation, regression, and ANOVA. Phase |
of the study involves reviewing existing literature,
developing a methodology framework, and identifying
preliminary findings. The outcomes will provide a
structured approach for Phase 11, where comprehensive
data collection and statistical modeling will be applied to
rank delay causes and propose mitigation strategies. The
study is expected to contribute to improving project
planning and management practices, thereby reducing
delays in construction projects.

I. INTRODUCTION

A. General

The construction industry is one of the most dynamic
sectors globally, acting as a major driver of economic
growth, employment generation, and infrastructure
development.  According to global studies,
construction contributes between 6%-10% of GDP in
many economies, and in developing nations the figure
is even higher due to rapid urbanization and
infrastructure needs.

However, despite its significance, the construction
sector faces complex challenges such as:

o Involvement of multiple stakeholders (clients,
contractors, consultants, suppliers, regulators).

e Technical uncertainties and unforeseen site
conditions.

o Coordination across diverse teams and disciplines.

e Dependence on external factors such as weather,
political stability, and supply chain reliability.

One of the most persistent challenges is delay,

commonly defined as the extension of project

completion time beyond the original contract

schedule. Delay not only affects the immediate project

stakeholders but also has wider economic and social

implications.

1) Consequences of Delays:

Delays in construction projects have wide-ranging
consequences that impact all key stakeholders and
extend to the broader economy and society. For
contractors, delays result in significant productivity
losses as resources, labor, and equipment remain
underutilized. Ex- tended project durations also
increase overhead costs, disrupt cash flow, and expose
contractors to liquidated damages or penalty clauses
stipulated in the contract. These financial strains are
often accompanied by disputes with clients, sub-
contractors, and suppliers, which can further damage
business relationships and reputation within the
industry.

For clients, the consequences are equally critical.
Delays increase overall project financing costs
through extended loan repayments, higher insurance
premiums, and additional ad- ministrative expenses.
They also postpone the revenue that would have been
generated from the early operation of completed
facilities, whether residential, commercial, or
industrial. Beyond financial impacts, delays disrupt
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strategic business plans, create reputational risks, and
often strain relationships with contractors and
consultants. In the case of public or government-
funded projects, delays can attract negative attention
and social pressure due to the late delivery of essential
services and infrastructure.

Consultants, including design engineers, project
managers, and supervision teams, also face challenges
when projects are delayed. Their professional
credibility is undermined, particularly if delays are
linked to design errors, poor coordination, or
ineffective management. In addition, consultants often
bear the administrative burden of handling claims,
preparing additional reports, and managing disputes,
all of which consume valuable resources. Long-term
professional opportunities may also be compromised
if clients’ associate consultants with delayed projects.
At the industry level, persistent delays contribute to
cost escalation, inefficient resource utilization, and
reduced productivity standards. They also increase the
prevalence of contractual disputes and arbitration
cases, which add further financial and legal burdens to
stakeholders. Over time, repeated delays reduce
investor confidence in the construction sector, making
it harder to secure financing and discouraging both
local and foreign investment in large-scale projects.
The broader economic and social consequences of
delays are equally significant. Public infrastructure
projects such as hospitals, schools, transport networks,
and utilities directly affect community well-being
when not completed on time. Economic growth is
hampered by the postponement of industrial and
commercial projects that could otherwise create jobs,
boost trade, and attract investment. Furthermore,
public trust in institutions is eroded when government
projects are repeatedly delayed, as such situations are
often perceived as signs of inefficiency and
mismanagement. In addition, countries facing chronic
project delays may lose valuable opportunities to
compete for foreign investment and international
events, ultimately limiting long-term development
prospects.

Common causes of delays include poor planning and
scheduling, cash flow difficulties, shortage of
materials or manpower, design modifications during
execution, and un- foreseen circumstances such as
adverse weather or regulatory bottlenecks. The
complexity of interactions between these factors
highlights the need for structured analysis.
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By applying statistical methods, it becomes possible to
identify which delay factors are most significant,
evaluate their interrelationships, and propose risk
mitigation strategies that are both evidence-based and
prioritized.

B. Need for the Study

Despite remarkable advancements in modern project
management tools and methodologies—such as the
Critical Path Method (CPM) for schedule control,
Earned Value Management (EVM) for performance
tracking, and Building In- formation Modeling (BIM)
for integrated design coordination—construction
delays continue to remain a persistent and costly
challenge across global and regional markets. These
delays not only lead to schedule overruns but also
cause significant financial, contractual, and
reputational consequences for all project stakeholders.

Key reasons why this study is needed:
a) Lack of statistical evaluation in regional
contexts:

A major limitation in existing literature is the absence
of quantitative validation. Many prior studies rely
primarily on descriptive surveys or subjective expert
rankings, providing little empirical evidence of cause—
effect relationships. This study addresses that gap by
incorporating statistical techniques such as regression
analysis and ANOVA to quantify the influence and
interaction of various delay factors within the regional
context.

b) Rising disputes and claims:

Delay-related disputes constitute one of the most
frequent sources of claims, arbitration, and litigation
in the construction industry. In large-scale public and
industrial projects, time overruns often translate into
cost escalations, liquidated damages, and strained
stake-  holder relationships. A  data-driven
understanding of delay causes can help prevent
conflicts and strengthen contractual risk management
frameworks.

c) Need to prioritize mitigation strategies:

Not all delay factors exert equal impact on project
performance. Some have systemic effects, while
others are project-specific or temporary. Statistical
ranking and prioritization allow project managers and
policymakers to focus on the most critical causes,
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ensuring optimal allocation of resources toward high-
impact mitigation measures.

d) Support for Evidence-based decision-making
Clients, consultants, contractors, and policymakers
require reliable, region-specific data to improve
procurement strategies, contract clauses, and risk
allocation mechanisms. The findings of this study will
serve as an analytical foundation for decision-making
and policy formulation aimed at minimizing delays in
future projects. In summary, the present research
fills a critical gap by integrating empirical field
data with statistical modeling, combining theoretical
insights from literature with practical observations
from regional projects. The study thereby contributes
to both academic understanding and professional
practice, offering validated, data-driven
recommendations for delay mitigation in the regional
construction industry.

C. Objectives of the Study

The overall objective of this study is to investigate,
classify, and statistically evaluate the key factors
causing delays in construction projects.

To identify and compile common delay factors in
construction projects through a comprehensive review
of aca- demic literature and empirical case studies. -
To classify the identified delay factors into meaningful
categories based on stakeholder responsibility—
namely, client-related, contractor- related, consultant-
related, and external factors. - To design and develop a
structured methodology for data collection, coding,
and statistical analysis of delay causes, suitable for
application in large-scale and industrial project
contexts. - To formulate the analytical framework for
Phase II, which will apply advanced statistical
techniques such as regression, ANOVA, and factor
analysis to determine the relative significance and
interrelationships among delay variables. - To
establish the foundation for practical
recommendations, enabling industry practitioners to
prioritize and address the most critical delay drivers
through informed management actions and policy
improvements. Collectively, these objectives ensure
that the study contributes to both the academic
discipline of construction management and the
practical domain of project delivery, providing a
replicable model for data-driven delay assessment in
similar regional contexts.
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D. Scope of the Study

The scope of this research has been carefully
delineated to ensure that the investigation remains
focused, systematic, and practically relevant, while
still broad enough to generate generalizable insights
for future studies.

1) Project Type:

The study primarily focuses on building and
infrastructure projects, which are known to exhibit
higher susceptibility to delays due to their large scale,
complex stake- holder networks, and dependency on
multi-agency coordination. Examples include public
buildings, industrial facilities, and infrastructure
support structures.

2) Delay Categories Considered:

To facilitate meaningful analysis and targeted
mitigation, delay factors are organized into four major
categories, consistent with classifications found in
international literature:

a) Client-Related Factors:

Frequent design changes or scope modifications.

e Delayed payments and approvals.

e Late  decision-making  and
bottlenecks.

administrative

b) Contractor-Related Factors

Poor planning and scheduling practices.

¢ Inadequate manpower, equipment, or material
resources.

e Cash flow constraints and subcontractor
inefficiencies.

c) Consultant-Related Factors

Design errors, incomplete drawings, or unclear

specifications.

e Slow inspection processes and delayed site
responses.

o Weak coordination among design and supervision
teams.

d) External Factors

Adverse weather conditions, utility delays, or permit

approvals.

o Unforeseen ground conditions and material supply
disruptions.
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e Political, economic, or regulatory changes.

This categorization allows for structured data
collection and comparative analysis across multiple
stakeholder dimensions.

A.

Il. LITERATURE REVIEW

General

This chapter synthesizes key contributions from
prominent journal studies, identifying methodological
approaches, findings, and implications relevant to the
analysis of delay factors. The review not only
summarizes previous work but also highlights
knowledge gaps that inform the rationale and direction
of the present study.

B.
1)

2)

3)

4)

5)

6)

7)

8)
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I11. METHODOLOGY

INTRODUCTION

LITERATUEREE REVIEW

IDENTIFICATION OF DELAY
FACTORS

RESEARCH DESIGNN

I

DATA COLLECTIOMN

I

DATA CODING AND
PEEPARATION

1

CONCLUSION & FUTUERE
STUDY

A. Research Design

The research design for this study follows a
guantitative approach, integrating both primary and
secondary data sources to examine factors contributing
to construction project delays. A structured, systematic
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methodology ensures that the research objectives are
achieved, and reliable conclusions are drawn. The
main components of the research design are as
follows:

Literature Review:

A comprehensive review of past studies, industry
reports, and academic research was conducted to
identify commonly reported delay factors and their
impacts on construction project performance. This
step provided a theoretical framework and informed
the design of the survey instrument.

Identification of Delay Factors:

Based on literature and expert consultations, a list of
potential delay factors was com- piled and categorized
into client-related, contractor-related, consultant-
related, and external factors.

Data Collection:

Data were gathered through both primary surveys and
secondary project records to ensure robustness and
triangulation of findings.

Statistical Analysis:

Collected data were analyzed using statistical tools to
determine  the  significance, ranking, and
interrelationships of delay factors. The combination of
descriptive and inferential statistics allows for a
comprehensive understanding of delay patterns.

B. Data Collection

1) Primary Data — Questionnaire Surveys:

Primary data were collected through structured
questionnaire surveys ad- ministered to a diverse group
of stakeholders, including project managers,
contractors, consultants, and clients. This broad
representation was essential to capture the varied
perspectives and experiences of different participants
in the construction process.

The questionnaire was carefully designed to include

multiple formats of inquiry:

¢ Ranking questions, where respondents were asked
to prioritize delay factors according to their
perceived severity and frequency.

o Likert-scale items, which provided quantifiable
measures of the impact of each factor, ranging from
minimal influence to severe impact.
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e Open-ended questions, offering participants the
opportunity to  share additional insights,
explanations, or context not captured by the
structured items.

2) Secondary Data — Project Records:

To complement the survey findings, secondary data

were collected from project documentation related to

both completed and ongoing construction projects.

The records examined included:

o Baseline and updated project schedules, to measure
deviations from planned timelines.

e Progress reports, providing evidence of actual
work performance, milestones achieved, and
encountered obstacles.

e Delay logs and change order records, documenting
specific instances of delays, their causes, and
corrective actions taken.

C. Statistical Tools

To ensure a rigorous, systematic, and data-driven
analysis of the factors contributing to construction
project delays, a range of statistical tools and
techniques were employed. These tools not only
facilitated the summarization of survey responses and
project records but also enabled the identification of
patterns, interrelationships, and differences across
stakeholder groups. The combined application of these
methods strengthens the re- liability and validity of the
study’s findings. The key statistical tools applied are
outlined below:

1) Correlation Analysis:

Correlation analysis was employed to explore the
strength and direction of relationships between various
delay factors. By examining these interdependencies,
the analysis helped uncover patterns that influence
project timelines. For example, resource shortages
may correlate strongly with poor planning or late
payments, indicating that multiple factors often act in
combination rather than in isolation. Understanding
these linkages is vital for developing integrated
strategies to mitigate delays.

2) Regression Analysis:

To determine the most influential predictors of project
delays, regression models were applied. This
technique quantified the degree to which each factor
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contributed to overall project performance. By
identifying the relative weight and statistical
significance of different variables, regression analysis
provided insight into which is- sues—such as
contractor inefficiency, client approvals, or consultant
errors—had the greatest impact on project timelines.
These findings allow stakeholders to prioritize
interventions and allocate resources more effectively.

3) Analysis of Variance (ANOVA):

ANOVA was used to assess whether there were
statistically significant differences in perceptions and
experiences of delays among different stakeholder
groups, specifically clients, contractors, and
consultants. This method provided valuable insights
into whether stakeholders perceive certain delay
factors differently, such as whether contractors view
resource shortages as more critical compared to
consultants, or whether clients place greater emphasis
on financial and administrative delays. ldentifying
these differences enhances the understanding of
stakeholder dynamics and helps reconcile conflicting
perspectives in project management.

4) Integration of Analytical Findings:

By combining descriptive statistics, correlation,
regression, and ANOVA, the study achieved both
breadth and depth in its analysis. Descriptive measures
highlighted the prevalence of delay factors, correlation
identified interrelationships, regression quantified the
most critical contributors, and ANOVA uncovered
stakeholder- specific variations. Together, these tools
ensured that the study’s conclusions are supported by
robust evidence, enabling recommendations that are
both practical and statistically sound.

D. Data Analysis Framework

To ensure that the findings of this study are reliable,
valid, and actionable, a structured and systematic
framework for data analysis was adopted. This
framework integrates both subjective stakeholder
perceptions and objective project performance data,
allowing for a comprehensive understanding of delay
factors and their implications. The process consists of
several interrelated stages, as described below:

1)Data Collection:
The first step in the framework in- volved the
systematic collection of data from both primary and

ISSN: 2349-6002

secondary sources. Primary data were gathered
through care- fully designed questionnaire surveys
targeting key stakeholders such as clients, contractors,
consultants, and project managers. Secondary data
were obtained from project documentation,
including schedules, progress reports, and delay
logs. This dual approach ensured that the analysis
incorporated both experiential insights and
verifiable project records, thereby reducing bias
and enhancing credibility.

2)Data Coding and Preparation:

Once collected, survey responses were coded into
numerical values to enable statis- tical processing. For
example, Likert-scale ratings provided by
respondents were translated into numerical codes
ranging from 1 to 5, representing the degree of impact
of each delay factor. Open-ended responses were
reviewed, categorized, and where possible, quantified
to capture qualitative insights in a measurable format.
This systematic coding process ensured consistency,
facilitated accuracy in statistical analysis, and allowed
comparisons across different stakeholder groups.

3)Descriptive Analysis:

Descriptive statistical techniques were applied to
provide an initial understanding of the data. Measures
such as frequencies, percentages, mean values, and
standard deviations were calculated to summarize the
prevalence and severity of delay factors. This stage
enabled the identification of the most commonly
reported issues, provided a ranking of delay factors,
and highlighted key patterns in the dataset. The results
served as a foundation for more advanced analytical
techniques.

4)Correlation and Regression Analysis:

Beyond descriptive measures, correlation analysis was
conducted to examine the interrelationships between
various delay factors, identifying patterns of co-
occurrence and dependency. Regression analysis was
then employed to quantify the relative contribution of
each factor to overall project delays. This step not
only identified the most significant predictors but also
measured their degree of influence on project
performance. Together, these techniques provided a
deeper and more precise understanding of the
underlying drivers of construction delays.
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5) Interpretation of Results:

The final stage of the frame- work focused on
synthesizing and interpreting the results. Findings
from different stakeholder groups were compared to
reveal areas of consensus and divergence in the
perception of delay causes. Critical delay drivers were
identified by integrating both statistical evidence and
contextual insights. The outcomes were then translated
into practical recommendations for industry
stakeholders, offering strategies to minimize delays
and improve project delivery in the future.

6)Ensuring Rigor and Relevance:

By combining descriptive, correlational, and
inferential techniques within a structured framework,
the  analysis  ensured both rigor  and
comprehensiveness. The integration of subjective
survey responses with objective project records
strengthens the validity of the conclusions, while the
emphasis on actionable recommendations enhances
the practical relevance of the research to the
construction industry.

IV. CONCLUSION

This study, “Statistical Analysis of Delay Factors in
Construction Projects,” established a structured
framework to identify and analyze key causes of
project delays. Through literature review and
preliminary assessment, major delay factors were
categorized into client-related, contractor-related,
consultant-related, and external causes. The developed
re- search methodology integrates both primary and
secondary data, supported by statistical tools such as
descriptive analysis, correlation, regression, and
ANOVA. Preliminary findings indicate that delayed
approvals, design changes, inadequate planning, poor
site management, and shortage of skilled labor are the
most probable contributors to project delays. This
phase successfully defined the analytical direction and
foundation for a detailed statistical study aimed at
minimizing delays and improving project performance
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