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Abstract

The Role of Artificial Intelligence in Predicting Infrastructure Project Risks and Improving Project
Management Efficiency

This study examines the role of artificial intelligence (AI) technologies—including machine learning,
artificial neural networks, and big data analytics—in enhancing risk prediction and improving the
efficiency of infrastructure project management in the United Arab Emirates. Despite continuous
advances in project management methodologies, infrastructure projects worldwide continue to suffer
from high rates of cost overrun and schedule delay, largely attributable to the limitations of traditional,
experience-based risk management approaches. The study adopts a quantitative descriptive-analytical
approach, using a structured questionnaire distributed to 69 professionals working in infrastructure
project management within engineering consultancies, contracting firms, and government and semi-
government entities in Abu Dhabi, United Arab Emirates. Data were analyzed using descriptive
statistics and One-Sample t-Tests to examine six sub-hypotheses corresponding to the effect of Al on
risk prediction accuracy, schedule adherence, cost control, reduction of risk occurrence, output quality,
and decision-making support.

The reliability of the research instrument was confirmed through Cronbach’s Alpha coefficients
ranging between 0.801 and 0.977 across all constructs. Results show statistically significant positive
effects of Al across all six hypotheses (p < 0.001), with decision-making support efficiency recording
the highest mean score (4.018) and reduction of risk occurrence the lowest (3.839), though still above
the neutral midpoint of the five-point Likert scale. Findings further reveal a notable gap between
awareness of Al concepts (mean = 3.868) and actual organizational implementation (mean = 3.586),
indicating that adoption of these technologies remains at an early-to-intermediate stage among the
surveyed institutions. Technical, human/organizational, and ethical/legal challenges were found to be
closely comparable in magnitude, with technical challenges—particularly data quality and systems
integration—ranking marginally highest.

The study concludes that Al adoption is most effective when integrated with, rather than substituted
for, human expertise, and recommends the development of national Al-governance frameworks,
unified engineering-data standards, and targeted training programs to bridge the awareness-
implementation gap within the UAE infrastructure sector.
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Section 1: Demographic and Professional Information
1- Educational Qualification
Diploma

Bachelor's

Master's

Doctorate

Qualification

2- Specialization

Civil Engineering

Project Management

Others

Business Admin

Specialization

3- Years of Experience in Project Management

Less than 5 yrs

54| Page

ey

—

—



—

|

5-10

11-20

More than 20 yrs

Years of Experience

4- Current Job Title
Program/Project Director
Project Manager

Site Engineer

Technical Expert/Consultant
Job Title

5- Nature of Your Organization
Government
Semi-Government
Contractor

Engineering Consultancy

Organization Type

6- Type of Infrastructure Projects You Work On

Roads & Bridges
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Stormwater Drainage

Irrigation & Landscaping

Other

Project Type

7-Scale of Projects You Oversee (AED Million)
Less than 10M

10-50M

50—-200M

More than 200M

Project Scale

After section 1

Section 2 of 5

Section 2: Level of Al Technology Adoption
Part A: Awareness of Al Technologies
Strongly Agree

Agree

Neutral

Disagree

Strongly Disagree
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I understand what Artificial Intelligence (Al) means and its applications in project management

I am familiar with Machine Learning (ML) and how it can be applied to analyze project data

I have knowledge of Artificial Neural Networks (ANNs) and their applications in risk prediction

I can distinguish between traditional risk analysis and Al-based risk analysis methods

I have reviewed studies or reports demonstrating the effectiveness of Al in infrastructure project management
Part B: Actual Implementation Within the Organization

Strongly Agree

Agree

Neutral

Disagree

Strongly Disagree

My organization uses Al-powered software or systems in project management

My organization's risk management team employs machine learning techniques to analyze risks
My organization relies on big data analytics systems to monitor project performance

My organization uses Al-powered early warning systems to detect and monitor risks

Staff in my organization have been trained on the use of Al tools in project management

My organization maintains a structured database of historical project data usable in Al models
After section 2

Section 3 of 5
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Section 3: Impact of Al on Risk Management

Part A: Risk Prediction Accuracy (Hypothesis H1)

Strongly Agree

Agree

Neutral

Disagree

Strongly Disagree

Alimproves the accuracy of identifying potential risks compared to traditional methods

Machine learning models enable the detection of risk patterns that are invisible through manual methods
Al reduces the likelihood of overlooking secondary risks arising from primary risk responses
Artificial Neural Networks enhance the accuracy of predicting cost overruns and schedule deviations
Al systems allow simultaneous analysis of a large number of risk variables

Part B: Time Efficiency and Schedule Adherence (Hypothesis H2)

Strongly Agree

Agree

Neutral

Disagree

Strongly Disagree

Al helps predict schedule delays before they occur and suggests alternative solutions
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Al-powered early warning systems reduce delivery delays in projects

Risk analysis takes less time when Al tools are used

Al enhances rapid response to emerging schedule risks

Using Al in resource scheduling improves adherence to project milestones
Part C: Cost Control and Financial Overrun Reduction (Hypothesis H3)
Strongly Agree

Agree

Neutral

Disagree

Strongly Disagree

Al contributes to reducing the rate of cost overruns in infrastructure projects

—

—

—

|

Al-powered financial forecasting models narrow the gap between estimated and actual budgets
Analyzing historical project data through Al enables early detection of cost risks

Al systems provide recommendations to optimize resource allocation and reduce financial waste
Al helps estimate financial risk contingency reserves with greater accuracy

Part D: Reducing the Likelihood of Risk Occurrence (Hypothesis H4)

Strongly Agree

Agree

Neutral
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Disagree

Strongly Disagree

Al systems help reduce the frequency of safety incidents in infrastructure projects

Al reduces risks related to supply chain disruptions

Predictive models help avoid decisions that lead to secondary risks

Al contributes to the early detection of design and field execution risks

Al-powered quality monitoring systems reduce rework and demolition errors

Part E: Improving Project Output Quality (Hypothesis H5)

Strongly Agree

Agree

Neutral

Disagree

Strongly Disagree

Al contributes to continuous and real-time quality monitoring during project execution

Al systems improve the degree of output conformance with approved specifications and standards
Al reduces defect rates and rework in infrastructure projects

Al tools provide accurate quality reports that support quality assurance decisions

Al enhances the organization's ability to learn from past project errors and improve quality

Part F: Decision-Making Support Efficiency (Hypothesis H6)
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Strongly Agree

Agree

Neutral

Disagree

Strongly Disagree

Al systems provide actionable recommendations that support timely management decisions
Smart dashboards improve the quality of information available to project managers

Al reduces reliance on personal judgment in risk-related decision-making

Al systems facilitate future scenario simulations and evaluation of decision alternatives
Al reports enhance transparency and accountability in project management

After section 3

Section 4 of 5

Section 4: Challenges in Applying Al to Risk Management

Part A: Technical Challenges

Strongly Agree

Agree

Neutral

Disagree

Strongly Disagree
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Poor data quality and incompleteness is a barrier to implementing Al models

Integration difficulties with legacy systems hinder Al application deployment

The high cost of required computing infrastructure is an obstacle to adoption

The absence of a unified and standardized data architecture within the organization impedes Al implementation
Difficulty in integrating multiple heterogeneous data sources limits the effectiveness of Al models

Part B: Human and Organizational Challenges

Strongly Agree

Agree

Neutral

Disagree

Strongly Disagree

Employee resistance to change and fear of being replaced by technology hinders Al adoption

The skills gap in combining project management expertise with data science is a real challenge

The high cost of organizational training and development is a barrier to adoption

The absence of a clear digital transformation strategy at the organizational level impedes Al implementation

Senior management interference in adjusting valid risk assessments hinders objective use of Al outputs.

Part C: Ethical, Legal, and Regulatory Challenges

Strongly Agree
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Agree

Neutral

Disagree

Strongly Disagree

Ambiguity regarding legal accountability for decisions based on Al recommendations raises legitimate concerns
The potential for bias in historical data threatens the objectivity of Al model outputs

Data privacy and protection requirements complicate the adoption of Al systems

The absence of clear regulations and standards for Al use in government projects undermines trust

The limited interpretability of some Al models (Black Box) reduces acceptance of their outputs by decision-makers
After section 4

Section 5 of 5

Section 5: Open-Ended Questions

1. Do you believe that applying Al in infrastructure project risk management in the UAE faces challenges

specific to the local context? Please elaborate.

2. In your opinion, what are the most important measures to be taken to enhance Al adoption in

infrastructure project risk management at the organizational level?

3. Do you have any practical experience using Al-powered tools or platforms in project management? If so,

please describe the most notable positive or negative outcomes you observed.
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Section 1: Demographic and Professional Information

40 M Diploma

30

20

Il Bachelor's
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[0 Master's

Bl Doctorate

Qualification

ol il Juloes :(2) 3o

1- Educational Qualification
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2- Specialization

I Civil Engineering [ Project Management [0 Others [l Business Admin
30

20

Specialization

3- Years of Experience in Project Management

B Lessthan5yrs M 510 [0 11-20 [ More than 20 yrs
20

Years of Experience
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4- Current Job Title

I Program/Project Director [l Project Manager [0 Site Engineer Il Technical Expert/Consultant

20

Job Title

5- Nature of Your Organization

20 W Government M Semi-Government I Contractor [l Engineering Consultancy

15

Organization Type
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6- Type of Infrastructure Projects You Work On

I Roads & Bridges [ Stormwater Drainage [0 Irrigation & Landscaping [l Other

30

20

Project Type

7- Scale of Projects You Oversee (AED Million)

Il Lessthan10M [ 10-50M [0 50-200M [ More than 200M

20

Project Scale
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Part A: Awareness of Al Technologies

I Strongly Agree [l Agree [0 Neutral [l Disagree [l Strongly Disagree

30
20
10
0
N o
Ga(\ A¥ 2 qe(
\ W

Part B: Actual Implementation Within the Organization

30 | Strongly Agree [l Agree [0 Neutral—— [l Disagree [l Strongly Disagree

0

68| Page

—



—

s |

—
¢ m—

—

RSITY||

IIDVE

U N

Part A: Risk Prediction Accuracy (Hypothesis H1)

30
I Strongly Agree [l Agree [0 Neutral [l Disagree [l Strongly Disagree
20
10
0
o
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Part B: Time Efficiency and Schedule Adherence (Hypothesis H2)

30 I Strongly Agree [ Agree [ Neutral [l Disagree [l Strongly Disagree
20
10
0
@
w
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Part C: Cost Control and Financial Overrun Reduction (Hypothesis H3)

I Strongly Agree [ Agree [0 Neutral [l Disagree [l Strongly Disagree

30
20
10
W - wf’\“ﬂ@. \As\\e@w

Part D: Reducing the Likelihood of Risk Occurrence (Hypothesis H4)

30 I Strongly Agree [ Agree [0 Neutral [l Disagree [l Strongly Disagree
20
10
0
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Part E: Improving Project Output Quality (Hypothesis H5)

I Strongly Agree [l Agree [0 Neutral [l Disagree [l Strongly Disagree

30
20
10
0
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Part F: Decision-Making Support Efficiency (Hypothesis H6)

30 I Strongly Agree [ Agree [ Neutral [l Disagree [l Strongly Disagree
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Part A: Technical Challenges

30 I Strongly Agree [ Agree [0 Neutral [l Disagree [l Strongly Disagree

20
10
0
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Part B: Human and Organizational Challenges

30 I Strongly Agree [ Agree 00 Neutral [l Disagree [l Strongly Disagree

20
10
0
o o o
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Part C: Ethical, Legal, and Regulatory Challenges

I Strongly Agree [l Agree [0 Neutral [l Disagree [l Strongly Disagree
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