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3 Research Methods and Procedures (Methodology)

3.1 Research Methodology (Approach)

This study employs a mixed-method research design, integrating quantitative survey
data with qualitative insights from expert interviews. This approach is justified by the
need to explore both the independent factors influencing the utilization of Al-based
project management and the measurable outcomes resulting from its integration in
design and consultancy engineering projects. The study is grounded in a conceptual
model that identifies and categorizes the three sets of variables: independent factors
influencing Al utilization, the mediating role of Al-based project management
practices, and the resulting project management outcomes. The model serves as the
theoretical foundation for both instrument design and data analysis.

The quantitative phase provides statistically validated evidence on the relationships
among influencing factors, Al utilization, and project outcomes. Meanwhile, the
qualitative phase adds depth by capturing real-world insights, challenges, and enablers
from industry experts. Together, these methods ensure a comprehensive and
empirically grounded understanding of the dynamics shaping Al-based project
management in the Saudi consultancy and design

Justification of Methodology Choice:

This research applies a mixed-method research approach, integrating both quantitative
and qualitative data collection and analysis. The rationale behind this choice stems from
the complex nature of the research objectives, which aim to identify factors influencing
Al utilization, measure its effect on project outcomes, and analyze the mediating role
of Al-based project management in design and consultancy engineering projects.

Furthermore, the mixed-method research design is chosen to bridge the gap between
theoretical insights and practical applications in Al-based project management. This
dual approach ensures that the study captures both perceptions and measurable effects,
offering a holistic analysis.

The quantitative component involves the distribution of structured questionnaires to
a wide sample of professionals in Saudi Arabia’s engineering consultancy sector. This
allows the collection of statistically analyzable data on the relationship between the
identified variables.

The qualitative component is based on semi-structured interviews with subject-matter
experts and decision-makers in Al-Based project management. This provides in-depth
insight into contextual factors, real-world challenges, and practical strategies,
supporting a deeper understanding of the utilization process and interpretation of survey
results.

This dual approach ensures that the findings are both statistically valid and contextually
grounded, enhancing the reliability and relevance of the research conclusions.

This methodology is justified based on the need to:
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e Address "what" the influencing factors are and "how" they statistically
influence outcomes (quantitative),

e And understand "why" such factors exist and how they are experienced by
practitioners in real scenarios (qualitative).

This research employs a mixed-method research design in which structured quantitative data
forms the basis for hypothesis testing, while qualitative interviews offer contextual support and
interpretation. The study makes a theoretical contribution by proposing and validating a model
that links influencing factors, Al-based project management practices, and project outcomes
through mediation analysis. On the practical level, it delivers actionable recommendations
tailored to the specific context of Saudi Arabia’s design and consultancy engineering sector

3.2 Study Population and Sampling:
3.2.1 Study Population:

The study population comprises professionals engaged in Al-based project
management within Saudi Arabia's design and consultancy engineering firms.
Individuals were purposively selected to provide information-rich, experience-based
insights relevant to Al utilization within this sector. Participants include project
directors, managers, engineers, and department leaders directly involved in decision-
making and utilization of Al project management tools. While the broader environment
consists of a diverse range of firms, this study prioritizes the targeted selection of
knowledgeable participants to explore the dynamics of Al use in real-world contexts.

3.2.2 Quantitative Study Sample:

Participants will be purposively selected to capture the perspectives of professionals
with direct involvement in Al-based project management in Saudi design and
consultancy engineering firms. Key participant roles included project directors,
managers, engineers, department leads, and decision-makers with relevant Al expertise.
This sampling approach aimed at collecting rich, context-specific data, emphasizing
variation by organizational size, Al maturity, and sector specialization. The sample size
was guided by thematic saturation—interviews and surveys were administered until no
new substantive themes emerged. Demographic information, such as role, experience,
and organizational background, was collected to support a nuanced analysis of Al
utilization factors and outcomes.

3.2.3 Qualitative Study Sample:

The qualitative component employed purposive sampling to select 8—12 expert
interviewees from Saudi design and consultancy engineering firms, based on their
expertise and involvement in Al-based project management. Selection criteria included
leadership or technical roles, direct engagement in strategic planning, operational
decision-making, or technical implementation of Al and digital project management
tools, and organizational affiliation  to ensure relevant context.
Interviews included participants across seniority levels top management (e.g.,
Directors, CEOs), middle management (e.g., Senior Project Managers), and technical

14



professionals (Al experts, engineers) to capture diverse, rich perspectives. Sampling
ceased upon reaching thematic saturation, where no new themes emerged. These
interviews provided contextual depth to interpret quantitative results and enrich the
overall findings.

3.3 Construction of Data Collection Instruments

3.3.1 Instrument Overview

To achieve the research objectives and test the proposed hypotheses, this study applies
a mixed-method research design, utilizing both a structured questionnaire and a semi-
structured interview guide as the primary data collection instruments.

e The structured questionnaire represents the quantitative tool, capturing
measurable data across the three core variable groups: factors influencing Al
utilization (independent variables), Al-based project management practices
(mediating variable), and project management outcomes (dependent variables).

o The semi-structured interviews serve as the qualitative instrument, providing
rich contextual insight into the challenges, benefits, and strategic considerations
involved in Al-based project management.

This dual-instrument design ensures a comprehensive analysis that includes both
empirical validation and in-depth exploration of real-world experiences.

3.3.2 Quantitative Instrument (Questionnaire Structure)

The questionnaire is designed using closed-ended questions on a 5-point Likert scale to
assess agreement, frequency, or impact perception. Additionally, a small domain of
open-ended questions is included to enrich the quantitative data with narrative insights
aligned with key research objectives.

The Questionnaire Comprises Five Domains:
1. Demographic and Organizational Information:

Captures participants’ roles, experience, company size, Al familiarity, and
current Al usage in project management.

2. Independent Variables ( Influencing Factors ):

Measures the extent to which the following six factors influence the utilization
of Al-based project management in design and consultancy engineering
projects:

Data Privacy and Security

Resistance to Change

Cost of Al Implementation

Compatibility with Existing Infrastructure
Workforce Development

Ethical Considerations

O O O O O O
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3. Mediating Variable (AI-Based Project Management):

Evaluates the extent to which Al tools are utilized in core project management
tasks such as scheduling, reporting, risk handling, collaboration, and
coordination.

4. Dependent Variables (Project Management QOutcomes):

Evaluates the perceived outcomes of Al utilization: Assesses the perceived
outcomes of Al-based project management, including:

Decision-making

Project quality

Data collection accuracy

Data analysis and insight generation
Risk identification

Time efficiency

Collaboration and communication

O O O 0O 0O O O

5. Open-Ended Questions:

A set of open-ended questions is included at the end of the structured
questionnaire. These questions are designed to capture narrative insights that
may not be fully expressed through Likert-scale responses. Participants are
encouraged to share their views on barriers, enablers, perceived benefits, and
strategic recommendations regarding the utilization of Al-based project
management practices.

The responses will undergo thematic coding, where each response is analyzed
and mapped to predefined dependent variable (DV) themes, such as decision-
making, project quality, data collection accuracy, data analysis, risk
identification, time efficiency and collaboration and communication. At the
same time, the underlying factors mentioned in the responses including
technical, organizational, or ethical challenges will be treated as influencing
factors (linked to the independent variables). This structure allows the
researcher to identify how specific influencing factors influence particular
outcomes, based on participants’ own words.

The following logic will be applied during analysis:

e Open-ended responses will be grouped under themes representing the
project management outcomes (DVs).

e The content of each response will be interpreted to identify the influencing
factor (IV) it addresses, along with the direction of impact (e.g., enabling,
limiting, improving).
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These results will be used to triangulate the quantitative findings derived from
SEM, reinforcing the wvalidity and contextual depth of the observed

relationships.

To structure this analysis, a coding matrix example is developed to guide the
mapping process, as illustrated in the following table:

Open-Ended Responses (Related to
Influencing Factors — IVs)

Mapped DV Theme
(Project Outcome)

“The high cost of Al implementation makes
it difficult to adopt comprehensive project
tools.”

Project Quality —
Negative impact

“Our Al tools help collect real-time data
from multiple sources with improved
consistency.”

Data Collection
Accuracy — Positive
impact

“Due to outdated infrastructure, Al-based
systems cannot integrate fully with our
current tools.”

Time Efficiency —
Negative impact

“Once integrated, the Al platform improved
team communication by providing shared
dashboards.”

Collaboration &
Communication =
Positive impact

“Most of our engineers are not trained in
Al-based forecasting tools, which slows us
down.”

Time Efficiency
Negative impact

“We use Al to flag early-stage risks through
data pattern recognition.”

Risk Identification
Positive impact

“It’s hard to make decisions without clear
ethical frameworks for Al usage in client-
facing projects.”

Decision-Making -
Negative impact

“Al tools enabled faster scenario analysis,
which improved our ability to make
strategic project decisions.”

Decision-Making —
Positive impact

“Data privacy regulations are too vague,
which restricts how much we can
automate.”

Data Analysis — Negative
impact

“Al autilization helped us improve how we
organize and analyze project reports and
KPIs.”

Data Analysis — Positive
impact

“The Al assistant helped us identify and
resolve  quality issues in  design
documentation.”

Project Quality —
Positive impact

“Resistance from senior management
delayed AI rollout, which influenced our
ability to track and respond to project
risks.”

Risk Identification —
Negative impact
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Open-Ended Responses (Related to Mapped DV Theme
Influencing Factors — IVs) (Project Outcome)
“Even with limited Al features, our team Data Collection
was able to automate repetitive data entry Accuracy —  Positive
tasks.” impact

“Collaboration improved once we used Al- Collaboration &
enabled project timelines that synced with Communication -
team calendars.” Positive impact

This coding approach allows the open-ended data to directly reinforce and
expand the findings from the quantitative model (via SEM), following a
triangulation strategy. It also ensures that the qualitative insights remain tightly
integrated with the conceptual framework and research objectives, contributing
both explanatory richness and methodological rigor

3.3.3 Qualitative Instrument (Expert Interview Guide)

To supplement the quantitative findings and provide contextual depth, a semi-
structured interview guide is developed based on the conceptual model and research
objectives. This tool will enable a deeper understanding of:

e Perceptions of Al Utilization in project management practices

o Challenges and factors related to data security, workforce capability, and
ethical concerns

e Organizational readiness and infrastructure compatibility

e Decision-making dynamics and time efficiency linked to Al

e Real examples from practice in design and consultancy engineering projects
o Industry-specific reflections, especially within the Saudi firms.

Interviews will be conducted in person or virtually, depending on participant
availability and logistical feasibility. Participants will include top management, middle
management and technical professioanls from Saudi Arabia’s leading design and
consultancy firms.

3.3.4 Instrument Validation and Reliability

The questionnaire will be reviewed by academic experts and industry practitioners to
ensure content validity. To ensure methodological rigor and the credibility of
findings, both the structured questionnaire and the semi-structured interview guide
will undergo rigorous validation and reliability procedures.

¢ Questionnaire (Quantitative Instrument)
The questionnaire will be reviewed by an academic scholars and industry professionals

to establish content validity, ensuring that the items appropriately reflect the study’s
independent, mediating, and dependent variables.
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A pilot study will be conducted with a small representative sample of participants from
the target population. The pilot aims to test:

e Clarity of wording,

e Logical flow,

e Response time,

e consistency,

o Content validity (via expert feedback).

This validation process ensures that the questionnaire produces statistically sound and
meaningful data for hypothesis testing.

o Interview Guide (Qualitative Instrument)

The semi-structured interview guide will be validated through expert review to ensure
relevance, neutrality, and clarity of the open-ended questions. It will be pilot-tested with
a small number of participants to verify:

e Interview flow and timing
e Comprehension and interpretation of questions
e Thematic alignment with the study’s objectives and conceptual framework

Following the pilot, minor revisions may be applied to enhance integrity before full
deployment.

To ensure rigor in the qualitative phase, the interview structure will undergo expert
validation and pilot testing. Credibility will be reinforced through member checking,
while thematic coding - if needed - will follow a systematic and transparent process
aligned with the study’s conceptual framework.

3.4 Identification of Study Variables

This section defines the key variables that constitute the foundation of the research
model. The study framework is structured around three main types of variables:

o Independent Variables (IVs): Factors influencing the utilization of Al tools
in project management.

e Mediating Variable (MV): Al-based project management.

o Dependent Variables (DVs): Project management outcomes.

3.4.1.1 Independent Variables (1Vs): Factors Influencing the utilization of Al Tools

These variables reflect organizational, technical, and ethical dimensions that influence
the utilization of Al-based project management practices in design and consultancy
engineering projects. The six independent variables identified are:

1. Data Privacy and Security

2. Resistance to Change
3. Cost of Al Implementation
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4. Compatibility with Existing Infrastructure

Workforce Development (Training and Skills)

6. Ethical Considerations: This variable measures organizational awareness,
adherence, and proactive management of ethical issues in Al utilization for
project management. It will be operationalized through questionnaire items
addressing:

9]

o Presence and enforcement of formal Al ethics policies (e.g., data
usage, transparency, bias mitigation).

o Compliance with national and sectoral Al governance guidelines (e.g.,
SDAIA’s Al Ethics Principles).

o Availability of training or awareness programs on ethical Al usage for
employees.

o Perceptions of fairness, accountability, and transparency in Al-driven
decision-making.

Each of these variables is operationalized using multiple items on a five-point Likert
scale. These independent variables form the foundation for understanding the drivers
and barriers that influence the extent to which Al can be effectively utilized in project
management processes.

3.4.1.2 Mediating Variable (MV): Al-Based Project Management

The mediating variable, Al-Based Project Management, captures the degree to which
Al tools are embedded in core project management practices, including planning and
scheduling, documentation and reporting, resource allocation, risk analysis, and team
collaboration. This construct acts as a bridge between influencing factors (IVs) and
project outcomes (DVs), reflecting how Al integration transforms workflows and
mediates their effect on performance outcomes. Its role will be empirically tested
through mediation analysis, such as:

Planning and scheduling
Documentation and progress reporting
Resource forecasting and allocation
Risk analysis and decision support
Team communication and collaboration

These functions were selected based on established literature on Al applications in
project management and are reflected across the study’s data collection tools to ensure
construct alignment.

This variable is critical in understanding how Al reshapes management workflows and
mediates the influence of external factors on performance outcomes. The mediating

role of this variable will be statistically tested using mediation analysis techniques.

3.4.1.3 Dependent Variables (DVs): Project Management Outcomes

These variables represent the results and benefits associated with the utilization of Al-
based project management. They focus on performance, efficiency, quality, and
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collaboration outcomes achieved through Al integration. The seven dependent
variables are:

Decision-Making

Project Quality

Data Collection Accuracy

Data Analysis

Risk Identification Accuracy

Saving Time for Project Managers

Effective Collaboration and Communication

NV A b=

Each variable is measured through structured items designed to evaluate how the
utilization of Al-based project management influences key project performance
indicators. The data is gathered via the quantitative questionnaire and supported by
qualitative insights obtained through expert interviews.

3.5 Implementation Procedures

This section details the practical steps followed to carry out the study from instrument
development to data collection and validation. This procedure ensures compliance with
ethical research principles and academic integrity.

3.5.1.1 Instrument Development

e Questionnaire Design (Quantitative Tool)

The structured questionnaire will be developed to measure the three main variable sets
defined in the conceptual framework; independent variables, the mediating variable,
and dependent variables through dedicated domains and supporting demographic and
qualitative items.

1. Demographic Information (e.g., position, experience, company size,
familiarity with Al).

2. Independent Variables — [tems measuring data privacy, cost concerns,
Resistance to Change, etc.

3. Mediating Variable — Items exploring how Al is embedded in project
management.

4. Dependent Variables — Items measuring project outcomes influenced by Al.

Open-Ended Questions — Designed to capture deeper qualitative insights that

may not emerge from fixed-response questions.

|9,

A 5-point Likert scale is used for consistency and statistical reliability. A five-point
Likert scale was used for all closed-ended items to ensure clarity, comparability, and
statistical validity.

e Semi-Structured Interview Guide (Qualitative Tool)

To complement the quantitative data, a semi-structured interview guide was designed.
It includes open-ended questions aligned with each of the three variable types:
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e Challenges related to each independent variable
o Reflections on Al-based project management practices
e Perceptions of the resulting project outcomes

This qualitative instrument enables deeper exploration of emerging themes and
provides context for interpreting quantitative findings.

3.5.1.2  Pilot Testing

Prior to full deployment, the structured questionnaire underwent pilot testing with a
small sample (n = 15) of professionals working in Saudi design and consultancy firms.
The pilot aimed to assess:

e Clarity of wording,

o Logical flow,

e Response time,

e consistency,

o Content validity (via expert feedback).

The interview guide was also reviewed and refined in consultation with academic and
industry experts to ensure clarity, neutrality, and relevance.

The reliability of the pilot will be evaluated using Cronbach’s Alpha. If the pilot study
yields a Cronbach’s Alpha higher 0.70 will be considered acceptable, indicating a
strong degree of internal consistency across each construct. If the pilot study yields a
Cronbach’s Alpha below 0.70 threshold for any construct, targeted item refinement will
be applied. This may include rewording ambiguous items, removing poorly performing
items with low item-total correlations, or adding new items to better capture the
construct. A follow-up reliability check will be conducted before full-scale deployment
to confirm improvements.

Interview recordings will be transcribed using recoding transcription software, with
manual verification for accuracy. Transcripts will then be coded thematically coding to
ensure consistency between qualitative and quantitative insights and facilitate
triangulation.

3.5.1.3 Ethical Considerations

Participants will be purposively selected based on their expertise related to Al-based
project management. Informed consent was obtained from all participants prior to their
voluntary participation in the study. Data confidentiality and anonymity were
stringently maintained throughout the research process. Interviews were audio-
recorded only with participants' consent, and participants will be informed of their right
to decline recording without any repercussions..

This study strictly complies with ethical guidelines approved by the university,
implementing the following measures:
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o Participants will be fully informed of the study's purpose, scope, and voluntary
nature

e Written informed consent was obtained before data collection.

e No identifying personal or organizational information was collected, ensuring
anonymity and confidentiality.

o Participants retained the right to decline audio recording of interviews.

3.5.1.4 Questionnaire Distribution and Data Collection
Quantitative Data Collection (Questionnaire):

o To be distributed electronically via email and professional platforms (e.g.,
LinkedIn and Whats’app).

o Target participants will include engineers, project managers, and senior staff
from Saudi design and consultancy engineering firms.

e The data collection period will last six weeks, with bi-weekly follow-ups to
increase response rates.

Qualitative Data Collection (Interviews):

e Semi-structured interviews will be conducted either in-person or virtually based
on participant availability.

o Participants will be selected purposefully to ensure diversity in roles, company
size, and Al maturity levels.

o Interviews will be audio-recorded with permission and transcribed for analysis.

3.5.1.5 Data Analysis Procedure

e Quantitative Analysis: Will be conducted using SPSS for descriptive statistics
(e.g., frequencies, means) and inferential testing (e.g., correlation, regression,
and SEM for mediation analysis).

e Qualitative Analysis: Thematic analysis using manual coding, organized
according to pre-defined codes aligned with the study variables (IVs, MV, and
DVs).

3.6 Research Design and Statistical Processing

This section details the overall research design structure and the statistical methods to
be employed in analyzing both quantitative and qualitative data. These procedures are
selected to ensure methodological rigor and alignment with the study’s objectives,
research questions, and hypotheses.

3.6.1.1 Research Design

This study adopts a concurrent integration (simultaneous SEM + thematic coding)
mixed-method research design, incorporating both statistical analysis and qualitative
interpretation.
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Quantitative Phase:

A structured questionnaire is distributed to professionals in Saudi design and
consultancy engineering firms to collect data on the influencing factors
(independent variables), the utilization of Al-based project management
(mediating variable), and project outcomes (dependent variables).

Qualitative Phase:

Semi-structured interviews are conducted with a select group of industry
experts to capture deeper contextual understanding, clarify survey trends, and
provide interpretive insights.

This concurrent explanatory design is employed to:

Identify and evaluate the key factors influencing the utilization of Al tools in
project management within design and consultancy engineering projects
Analyze how Al-based project management mediates the relationship between
influencing factors and project outcomes

Examine the direct influence of these factors on the outcomes of Al-based
project management.

Assess variations in Al utilization and outcomes across different organizational
types, sizes, and participant demographics.

Propose practical recommendations by combining statistical trends with real-
world expert insights

The research design follows a correlational approach, with mediation analysis
techniques applied through SEM. This enables the analysis of both direct and indirect
relationships among variables, while qualitative findings offer deeper interpretive
support.

3.6.1.2  Quantitative Data Analysis Procedure

To ensure rigorous quantitative analysis, data collected from the questionnaire will be
processed using the following statistical techniques:

1.

Statistical Software and Analysis Tools:

SPSS will be utilized for descriptive statistics, correlations, and regression
analyses

Simple and Multiple Linear Regression will be used to test direct effects of
factors on project management outcomes

Pearson Correlation analysis will be conducted to examine bivariate
relationships among variables

Significance level: o = 0.05 (two-tailed tests)

Reliability and Validity Testing:
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Both reliability and validity are fundamental measures used to make a trustworthy
judgment about the appropriateness of a research instrument, Reliability refers to the
extent to which an instrument can produce consistent and error-free results when re-
administered or used under similar conditions, whereas-validity refers to the degree
to which the instrument accurately measures what it is intended to measure — that
is, the degree of correspondence between the theoretical construct and the actual
indicators. Among the most common methods for measuring internal consistency,
Cronbach’s Alpha is one of the most widely used indicators, as it expresses the
degree of interrelation among items measuring the same conceptual dimension.
According to Phelan et al. (2005), reliability refers to the degree to which an
assessment tool produces stable and consistent results, while validity refers to how
well a test measures what it is intended to measure.

Cronbach's Alpha coefficients will be calculated to assess internal consistency
of all constructs. The higher the value of Cronbach’s Alpha (usually > 0.70), the
greater the indication that the items consistently measure the same construct.

» Independent Variables (6 factors): Data Privacy and Security,
Resistance to Change, Cost of Al Implementation, Compatibility with
Existing Infrastructure, Workforce Development, and Ethical
Considerations

» Mediating Variables (5 dimensions): Streamlining Processes, Resource
Allocation, Task Prioritizing, Progress Reporting, and Communication

» Dependent Variables (7 outcomes): Decision-Making, Project Quality,
Data Collection Accuracy, Data Analysis, Risk Identification Accuracy,
Time Savings for Project Managers, and Effective Communication

» Threshold for acceptable reliability: a > 0.70

In addition, the validity coefficient is an important statistical indicator used to
estimate the accuracy of the research instrument in measuring the intended
construct. This coefficient is often calculated using the Pearson Correlation
Coefficient, which measures the degree of the linear relationship between the
total score of the instrument and the score of each item, or between two tests
assumed to measure the same conceptual dimension.

Validity Coefficients will be determined using Pearson Correlation (item-total
correlations) to confirm that individual items accurately measure their intended
constructs

Descriptive Statistics Analysis:

Frequencies, percentages, means, and standard deviations will be calculated for:

» All respondent demographics (position in organization, years of experience,
organization size, Al familiarity level)

» All six independent variables

» All five mediating variable dimensions

>

All seven dependent variables

This analysis will provide a comprehensive profile of the sample and variable
distributions
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4. Correlation Analysis:

e A Pearson Correlation Matrix will be computed to examine relationships among
all study variables
o Bivariate relationships will be examined between:

» Independent Variables and Mediating Variables

» Mediating Variables and Dependent Variables

» Independent Variables and Dependent Variables
o Statistical significance will be assessed at p < 0.05 (two-tailed)
5. Regression Analysis:

To test the study's hypotheses, the following regression analyses will be conducted:

e Simple Linear Regression will be conducted to test Hypothesis.
e Multiple Linear Regression will be conducted to test sub-hypotheses.

6. Structural Equation Modeling (SEM):

To comprehensively test mediation effects and the overall conceptual model, Structural
Equation Modeling (SEM) will be employed using AMOS statistical software.

e Measurement Model Assessment:

» Confirmatory Factor Analysis (CFA) will be conducted to validate the
measurement model

» Factor loadings will be examined to ensure convergent validity (target >
0.50)

» Model fit indices will be evaluated:

o Structural Model Testing:
» Path coefficients will be estimated to test direct relationships:
Mediation Analysis:

» Full mediation will be tested to determine if the mediating variable (Al-
Based Project Management) completely explains the relationship
between influencing factors and project outcomes.

» Partial mediation will be assessed if the mediating variable only partially
explains the relationship.

» Statistical significance of indirect paths will be evaluated (p < 0.05)

» Total effects will be decomposed into direct and indirect effects.
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3.6.1.3  Qualitative Data Analysis Procedures

Data from the semi-structured expert interviews will be analyzed through thematic
coding, following this process:

1. Interview Data Collection:
e Semi-structured interviews will be conducted with approximately 10 expert
participants from Saudi Arabia's design and consultancy engineering firms.
e Participants will include individuals with direct involvement in Al-based
project management decision-making and implementation.
o All interviews will be audio-recorded with participant consent and subsequently
transcribed verbatim for analysis.
2. Predefined Thematic Framework:
The qualitative analysis will employ a structured thematic coding approach organized
around 18 predefined themes that directly correspond to the study's three variable
categories:
Independent Variables (Factors Influencing AI Utilization) — 6 Themes:
1. Data Privacy & Security
2. Resistance to Change
3. Cost of Al Implementation
4. Compatibility with Existing Infrastructure
5. Workforce Development

6. Ethical Considerations

Mediating Variables (AI-Based Project Management Practices) — 5
Themes:

1. Streamlining Processes (scheduling, documentation, automation)
2. Resource Allocation
3. Task Prioritizing
4. Progress Reporting
5. Communication
Dependent Variables (Project Management Qutcomes) — 7 Themes:
1. Decision-Making
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3.6.14

2. Project Quality

3. Data Collection Accuracy

4. Enhancing Data Analysis

5. Risk Identification Accuracy

6. Saving Time for Project Managers

7. Effective Communication
Thematic Coding Process:

Each interview transcript will be systematically coded against the 18 predefined
themes, Coding will document:

Primary theme(s) represented in each response

Frequency of each theme's mention across all interviews
Interview ID numbers where theme appears

Recurring phrases and terminology associated with the theme
Representative quotes exemplifying the theme

Summary quotes synthesizing the theme across multiple responses

Thematic saturation will be assessed during coding—data collection and
analysis will continue until no new substantive themes emerge from interviews

Open-Ended Questionnaire Responses Analysis:

Open-ended questions included in the quantitative questionnaire will be
analyzed thematically. Responses will be systematically coded using the
mapping approach.

This coding strategy will enable integration of quantitative survey data with
qualitative narrative data, enriching both datasets through triangulation.

Qualitative Rigor Procedures:

Predefined themes will be reviewed and validated by academic experts to ensure
alignment with study constructs.

Thematic coding will follow a transparent, systematic process aligned with the
study's conceptual framework.

Member checking will be conducted where feasible to enhance the credibility
of interpretation.

Mixed Method Integration and Triangulation Strategy

Concurrent Integration Approach:
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Quantitative and qualitative data will be analyzed concurrently (in parallel) and
subsequently integrated through a systematic triangulation process to enhance the
validity and richness of findings.

2. Triangulation Procedures:
o Convergence Validation:

» Quantitative correlations and regression results will be examined
alongside qualitative thematic patterns.

» Statistical relationships identified in regression analyses will be
compared with the frequency and strength of corresponding qualitative
themes.

» Where strong statistical relationships exist (p < 0.05), qualitative data
will be examined to provide contextual explanations and real-world
examples.

o Thematic-to-Quantitative Mapping:

» Frequency of qualitative theme mentions will be cross-referenced
against the magnitude of statistical coefficients.

» Directional consistency will be verified: positive statistical
relationships will align with enabling/facilitating themes; negative
relationships will align with barrier themes.

» Discrepancy Investigation: Instances where statistical results appear
inconsistent with qualitative patterns will be investigated and explored
in depth.

3.6.1.5 Methodology summary

In summary, this study applies a robust mixed-method research design, combining
structured quantitative data collection with in-depth qualitative interviews. This
methodology aligns with the study’s aim of examining the factors influencing the
utilization of Al-based project management, the mediating role of Al in transforming
project management practices, and the resulting project outcomes in design and
consultancy engineering projects.

The quantitative phase involves the use of a structured questionnaire to collect
statistically analyzable data from professionals across Saudi Arabia’s design and
consultancy sector. It allows for the identification and measurement of relationships
among the study’s core variables: the influencing factors (independent variables), Al-
based project management practices (mediating variable), and the outcomes of Al
utilization (dependent variables). Structural Equation Modeling (SEM) will be applied
to test both direct and indirect relationships, including mediation effects.

In parallel, the qualitative phase incorporates semi-structured interviews with selected

experts to explore practical insights, contextual challenges, and real-world experiences
related to Al-based project management. Thematic analysis of these interviews will
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uncover emergent themes aligned with the study variables and help contextualize
quantitative trends.

To ensure integration of insights, this study adopts a triangulation approach, whereby
qualitative findings from expert interviews are used to interpret, validate, and enrich
the patterns revealed through quantitative analysis. Thematic analysis of interview
transcripts will uncover real-world examples, contextual explanations, and potential
contradictions that help explain statistical relationships or anomalies identified through
SEM. This method reinforces the study’s methodological rigor by ensuring that quantitative
associations are not only empirically validated but also contextually grounded.

Visual Representation of Integration Strategy:

The following flowchart illustrates how the quantitative and qualitative methods work
together through SEM, thematic analysis, and triangulation:

Data Collection Phase
QUALITATIVE

Data Collection Phase
QUANTITATIVE (Structured
Questionnaire)

(Semi-Structured interview)

| I

Analysis Phase

THEMATIC

Analysis Phase
SEM

(e.g., Cost — AlI-PM — DQ) ( Identify recurring themes )

INTERPRETATION PHASE
(TRIANGULATION)
Compare & Connect Themes with SEM Results

* Themes (Qualitative) explain SEM (Quantitative) paths

INTEGRATED PHASE
FINDINGS & CONCLUSION

Figure ( 2) illustrates how the quantitative and qualitative methods work together through
SEM, thematic analysis, and triangulation
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The chart illustrates how quantitative and qualitative methods are integrated through a
triangulation approach to enhance interpretation and ensure robust findings.

It walks through:
1. Data Collection Phase:
o From the structured questionnaire (quantitative)
o From semi-structured interviews (qualitative)
2. Analysis Phase:

o SEMis applied to test relationships (e.g., Cost = Al-based PM - Decision-
Making Quality)

o Thematic analysis identifies recurring themes from interview transcripts
(e.g., “Cost is a major barrier”)

3. Interpretation Phase (Triangulation):

o Findings from interviews are connected with SEM results to explain,
support, or even challenge quantitative relationships.

4. Integrated Conclusion:

o Avricher understanding is achieved by combining numbers (how much) with
narratives (why), resulting in conclusions that are both statistically
validated and contextually meaningful.

This integration enhances both the methodological rigor and practical relevance of the
study by combining statistical evidence with expert-driven interpretation. As a result,
the study's findings and recommendations will be not only theoretically robust but also
grounded in the lived realities of Al utilization in the Saudi design and consultancy
engineering sector.
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4 Study Results and Hypothesis Testing

4.1 Introduction

This chapter presents the comprehensive results from both quantitative and qualitative
data analyses, organized to align with the methodological procedures outlined in
Chapter 3. The chapter integrates findings from 103 quantitative survey responses and
10 semi-structured interviews, employing a triangulation strategy to validate and
contextualize statistical relationships through qualitative narratives. Results are
presented sequentially across reliability and validity testing, demographic profiling,
descriptive statistics, correlation analysis, hypothesis testing via regression and SEM,
and qualitative thematic findings.

After data were collected it was revised, coded, and fed to statistical software IBM
SPSS version 25. All statistical analysis was done using two-tailed tests and an alpha
error of 0.05. A P-value less than or equal to 0.05 was considered to be statistically
significant, The following is an explanation of the use of each of these treatments:

= Internal Consistency : The internal consistency test was used to measure the
degree of homogeneity and interrelation among the different items in the scale
or questionnaire. This test aims to ensure that the items measuring the same
concept provide consistent results with one another, thereby enhancing the
reliability of the instrument used.

= Cronbach's Alpha : Cronbach’s alpha coefficient was calculated to determine
the reliability of the questionnaire or the scale used. This coefficient reflects the
degree of internal consistency among the items, where a value greater than 0.70
is considered an indication of the instrument’s reliability.

=  Mean: The arithmetic mean was used to summarize and simplify the data, and
to determine the central value of the data by adding all the values and dividing
the sum by their number.

= Standard Deviation: The standard deviation was used to measure the extent to
which the data are dispersed around the arithmetic mean. This indicator reflects
the degree of variability in the values and provides a better understanding of the
distribution and spread of the data.

= Pearson correlation test: is a test that measures the statistical relationship, or
association, between two continuous variables. It is known as the best method
of measuring the association between variables of interest because it is based on
the method of covariance. It gives information about the magnitude of the
association, or correlation, as well as the direction of the relationship.

» Linear regression: which attempts to model the relationship between two
variables by fitting a linear equation to the observed data. One variable is
considered to be an explanatory variable, and the other is considered to be a
dependent variable.
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= Simple linear regression : is a model that describes the relationship between
one dependent and one independent variable using a straight.

* Multiple linear regression !is a statistical technique that uses several
explanatory variables to predict the outcome of a response variable.

* Structural Equation Modeling (SEM): Structural Equation Modeling (SEM)
was used as one of the advanced statistical techniques to analyze the causal
relationships among the study variables and to test the degree of fit between the
proposed conceptual model and the actual data.

4.2 Reliability and Validity of Research Instruments

4.2.1 Reliability Analysis (Cronbach's Alpha)
Reliability testing was conducted using Cronbach's Alpha to assess internal consistency
across all constructs. Results demonstrated strong reliability across all three variable

categories:

Reliability and validity for Independent Variables (Factors Influencing Al utilization)

Table(2 ) Validity and stability coefficients for the study questionnaire independent variables.

Validity coefficient (Pearson

Stability Coefficient (Cronbach

igriables Correlation Coefficient) alpha)
X1 0.773%*
X2 0.637**
Data Privacy and Security 0.683**
X1 0.618**
X2 0.526**
Resistance to Change 0.601**
X1 0.844**
X2 0.757**
Cost of Al Implementation 0.449*
X1 0.609** 0.879
X2 0.457*
Compatibility with Existing

0.546%**
Infrastructure
X1 0.734**
X2 0.575*
Workforce Development 0.501*
X1 0.804**
X2 0.848**
Ethical Considerations 0.434*

** A function at the level of significance less than (0.01)

* A function at the level of significance less than (0.05)

The results shown in table (2) indicate the following: Independent Variables (Factors
Influencing Al Utilization): a = 0.879
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The stability coefficient (Cronbach’s alpha coefficient) of the total
questionnaire was (o = 0.879), and results shows that the dimensions of the
questionnaire have a high stability coefficient and their ability to achieve the
purposes of the study

The previous table No. (2) also shows the consistency of each questionnaire
item with the dimension to which it belongs, as well as the correlation of each
dimension with the total score. The validity coefficients for the items ranged
between (0.457 — 0.848), and the validity coefficients for the individual
dimensions ranged between (0.434 — 0.683), indicating a high level of validity
for the questionnaire, all significant at p < 0.05

All six factors (Data Privacy and Security, Resistance to Change, Cost of Al
Implementation, Compatibility with Existing Infrastructure, Workforce
Development, and Ethical Considerations) demonstrated acceptable internal
consistency

The results indicate that the study instrument is both reliable and valid, ensuring
that the collected data is accurate, consistent, and suitable for hypothesis testing.
Given the high Cronbach’s Alpha and validity coefficients, the questionnaire
effectively captures the research constructs, making it a strong tool for
assessing.

Reliability and validity for Mediating Variables (Al-Based Project

Management)

Table(3) Validity and stability coefficients for the study questionnaire Mediated variable.

Variables Validity coefficient (Pearson Stability Coefficient
Correlation Coefficient) (Cronbach alpha)

X1 0.875%*

X2 0.874**

Streamline processes e.g., 0.811%*

scheduling, documentation )

X1 0.959**

X2 0.951**

Resource allocation 0.863**

X1 0.908**

X2 0.913** 0.886

Tasks Prioritizing (0.893**

X1 0.868**

X2 0.891**

Progress reporting 0.727**

X1 0.916**

X2 0.931**

Communication 0.840**

** A function at the level of significance less than (0.01)
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The results shown in table (3) indicate the following: Mediating Variables (Al-Based

Project Management): a = 0.886

1.

The stability coefficient (Cronbach’s alpha coefficient) of the total
questionnaire was (o = 0.886), results shows that the dimensions of the
questionnaire have a high stability coefficient and their ability to achieve the
purposes of the study.

The previous table No. (3) also shows the consistency of each questionnaire
item with the dimension to which it belongs, as well as the correlation of each
dimension with the total score. The validity coefficients for the items ranged
between (0.886-0.959), and the validity coefficients for the individual
dimensions ranged between (0.727-0.893), indicating a high level of validity for
the questionnaire, all significant at p < 0.01

All five dimensions (Streamline Processes, Resource Allocation, Task
Prioritizing, Progress Reporting, Communication) showed high internal
consistency.

The results indicate that the study instrument is both reliable and valid, ensuring
that the collected data is accurate, consistent, and suitable for hypothesis testing.
Given the high Cronbach’s Alpha and validity coefficients, the questionnaire
effectively captures the research constructs, making it a strong tool for
assessing.

Reliability and validity for Dependent Variables(Project Management
Outcomes)

Table (4) Validity and stability coefficients for the study questionnaire variables.

Variables Validity coefficient (Pearson Stability Coefficient
Correlation Coefficient) (Cronbach alpha)

X1 0.948**

X2 0.951%**

Decision-Making 0.817%*

X1 0.936**

X2 0.944**

Project Quality 0.884**

X1 0.971%**

X2 0.967** 0.905
Data Collection Accuracy 0.509*%*

X1 0.952%*

X2 0.953**

Enhancing Data Analysis 0.760**

X1 0.907**

X2 0.907**
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Risk Identification 0.774%*
Accuracy

X1 0.938**
X2 0.943**
Saving Time for Project 0.786%*
Managers

X1 0.893**
X2 0.856**
Effective Communication 0.763**

Legend:

** A function at the level of significance less than (0.01)

The results shown in table (4) indicate the following: Dependent Variables (Project
Management Outcomes): a = 0.905

5. The stability coefficient (Cronbach’s alpha coefficient) of the total
questionnaire was (a = 0.905), and Cronbach’s alpha coefficient results shows
that the dimensions of the questionnaire have a high stability coefficient and
their ability to achieve the purposes of the study.

6. The previous table No. (4) also shows the consistency of each questionnaire
item with the dimension to which it belongs, as well as the correlation of each
dimension with the total score. The validity coefficients for the items ranged
between (0.856-0.971), and the validity coefficients for the dimensions ranged
between (0.509-0.884), indicating a high level of validity for the questionnaire,
all significant at p < 0.01

7. All seven outcome measures (Decision-Making, Project Quality, Data
Collection Accuracy, Data Analysis, Risk Identification, Time Savings,
Effective Communication) exceeded the reliability threshold.

8. The results indicate that the study instrument is both reliable and valid, ensuring
that the collected data is accurate, consistent, and suitable for hypothesis testing.
Given the high Cronbach’s Alpha and validity coefficients, the questionnaire
effectively captures the research constructs, making it a strong tool for
assessing.

All Cronbach's Alpha values exceeded the 0.70 threshold, confirming that the
guestionnaire reliably measured the intended constructs and was suitable for
hypothesis testing.
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4.3 Respondent Demographic Profile
The study sample comprised n = 103 professionals from Saudi Arabia's design and

consultancy engineering firms. Demographic distribution revealed:

4.3.1 Position in Organization
Table (5) shows the Descriptive Analysis of demographic characteristics of the Study

sample regarding the respondents’ Position in the Organization

Table (5): Descriptive Analysis of Demographic Characteristics of the Study Sample (Position in Organization)

Category Freq. Percent
Top Management 19 18.45
Project Manager 17 16.50
Position in Organization Project Engineer 33 32.04
Engineer 26 25.24
Other 8 7.77

Total 103 100.00

Table (5) presents the characteristics of the study sample, revealing that regarding the
Position in Organization of the study sample, it was found that Project Engineers were

slightly more represented, with a percentage of 32.04%, comprising 33 respondents,

while Other represented 7.77%, comprising 8 respondents in the study sample.

Figure (3): Descriptive Analysis of Demographic Characteristics of the Study Sample (Position

in Organization)
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4.3.2 Years of Experience

Table (6) shows the Descriptive Analysis of demographic characteristics of the Study

sample regarding the respondents’ Years of Experience

Table (6): Descriptive Analysis of Demographic Characteristics of the Study Sample (Years of Experience)

Category Freq. Percent
Less than 1 year 0 0.00
1-3 years 3 291
4-6 years 14 13.59
Years of Experience 7-10 years 22 21.36
Over 10 years 60 58.25
Not working in design and
. . 4 3.88
consultancy engineering firms
Total 103 100.00

Table (6) presents the characteristics of the study sample, revealing that regarding the
Years of Experience of the study sample, it was found that Over 10 years were slightly
more represented, with a percentage of 58.25%, comprising 60 respondents, while Not
working in design and consultancy engineering firms represented 3.88%, comprising 4

respondent in the study sample.

1-3 years Not working in
3% >\_,/ design and
consultancy
engineering

Figure (3): Descriptive Analysis of Demographic Characteristics of the Study Sample (Years of Experience)
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4.3.3 Organization Size
Table (7) shows the Descriptive Analysis of demographic characteristics of the Study

sample regarding the respondents’ Organization Size.

Table (7): Descriptive Analysis of Demographic Characteristics of the Study Sample (Organization Size)

Category Freq. Percent
Small (fewer than 50 employees) 9 8.74
Organization Size Medium (50-249 employees) 48 46.60
Large (250 or more employees) 46 44.66

Total 103 100.00

Table (7) presents the characteristics of the study sample, revealing that regarding
Organization Size of the study sample, it was found that Medium (50-249 employees)
were slightly more represented, with a percentage of 46.60%, comprising 48
respondents, while Small (fewer than 50 employees) represented 8.74%, comprising 9

respondents in the study sample.

Small (fewer

/ than 50

employees)

9%

Figure (5): Descriptive Analysis of Demographic Characteristics of the Study Sample (Organization Size)

4.3.4 Familiarity with Al Tools
Table (8) shows the Descriptive Analysis of demographic characteristics of the Study

sample regarding the respondents’ Familiarity with Al Tools.
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Table (8): Descriptive Analysis of Demographic Characteristics of the Study Sample (Familiarity with Al Tools)

Category Freq. Percent
Not familiar at all 1 0.97
Familiarity with AI Tools Somewhat familiar 28 27.18
Moderately familiar 45 43.69
Highly familiar 29 28.16

Total 103 100.00

Table (8) presents the characteristics of the study sample, revealing that regarding the
Familiarity with Al Tools of the study sample, it was found that Moderately familiar
were slightly more represented, with a percentage of 43.69%, comprising 45
respondents, while Not familiar at all represented 0.97%, comprising 1 respondent in

the study sample.

Not familiar
at all
1%

-

Figure (6): Descriptive Analysis of Demographic Characteristics of the Study Sample (Familiarity with Al Tools)

4.3.5 What types of Al tools or software does your organization currently use

Table (9) shows the Descriptive Analysis of demographic characteristics of the Study
sample regarding the respondents’ What types of Al tools or software does your

organization currently use (if any)?.
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Table (9): Descriptive Analysis of Demographic Characteristics of the Study Sample (What types of Al tools or
software does your organization currently use (if any)?)

Category Freq. Percent
Decision-making tools 39 10.80
Quality management tools 47 13.02
What types of Al tools or Data coll'ectlon jtoo.ls 77 21.33
Data analysis and insight- 79 21.88
organization currently use Risk identification or
. 56 15.51
prediction tools
Communication and
. 63 17.45
collaboration tools
Total 361 100.00

#more than answer

Table (9) presents the characteristics of the study sample, revealing that regarding the
What types of Al tools or software does your organization currently use of the study
sample, it was found that Data analysis and insight-generation tools were slightly more

represented, with a percentage of 21.88%, comprising 79 respondents, while Decision-

making tools represented 10.80%, comprising 39 respondent in the study sample.

Communication
and
collaboration

T~

Risk
identification or
prediction tools
16%

Decision-

/making tools

11%

and insight-
generation
tools

Quality
management
tools
13%

Figure (7): Descriptive Analysis of Demographic Characteristics of the Study Sample (What types of Al tools or
software does your organization currently use (if any)?)
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Qualitative Validation: Interviewees confirmed this demographic profile, with experienced
professionals (averaging 12+ years) and medium-to-large firms representing the most engaged
segment, consistent with the quantitative distribution.

Table (10): Distribution of the stud Al utilization

Mean

subjects according to Factors Influencing

Min- Mean +

Factors Influencing Al utilization Frequency Percent Max SD median  score
’ percent
Our organization has * Strongly Disagree 4 3.9
clear policies and - 6.8
procedures ensuring Al- = Disagree ’
based project »  Neutral 26 25.2 1-5 | 3.72+1.01 4.00 74.37%
management complies
. 4 41.
with data privacy and Agree 3 !
security regulations? * Strongly Agree 23 22.3
Al-based project *  Strongly Disagree 3 29
management in our 3 2.9
organization faces = Disagree :
challenges in ensuring =  Neutral 30 29.1 1-5 | 3.75+0.89 4.00 74.95%
data security and
4 46.
protecting sensitive = Agree 8 6.6
information? * Strongly Agree 19 18.4
= Strongly Disagree 4 3.9
Employees in my 4 3.9
organization are = Disagree :
supportive of utilizing Al- »  Neutral 21 20.4 1-5 | 3.89+1.00 4.00 77.86%
based project
management tools? = _Agree 4 427
=  Strongly Agree 30 29.1
= Strongly Disagree 2 L9
There is resistance among = Disagree 7 6.8
employees toward
. - .83+0. . 709
integrating Al into project | * Neutral 26 25.2 1-5 | 3.83+0.98 4.00 76.70%
management tools? = Agree 39 379
= Strongly Agree 29 282
= Strongly Disagree 4 3.9
The cost of Al *  Disagree 10 9.7
implementation is a
. - J79+1. X 739
significant barrier in my = Neutral 18 17.5 1-5 | 3.79+£1.07 4.00 75.73%
organization? »  Agree 43 41.7
= Strongly Agree 28 272
= Strongly Disagree 1 1.0
The benefits of Al-based = Disagree 7 6.8
project management o
. - .86=0. . .
outweigh its »  Neutral 25 24.3 1-5 | 3.86+0.93 4.00 77.28%
implementation costs? = Agree 42 40.8
= Strongly Agree 28 272
Our current = Strongly Disagree 3 2.9
infrastructure is . Di 14 13.6
technically compatible isagree 1-5 | 3.62+1.08 4.00 72.43%
with Al-based project = Neutral 26 25.2
management tools? . Agree 36 35.0
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Mean

. oo Mi .
Factors Influencing Al utilization Frequency Percent - median  score
) percent
= Strongly Agree 24 23.3
= Strongly Disagree 1 1.0
Integrating Al into our = Disagree 8 7.8
current infrastructure
. - .85+0. . 099
presents technical =  Neutral 16 15.5 1-5 | 3.85+0.86 4.00 77.09%
challenges? = Agree 58 56.3
= Strongly Agree 20 194
Our organization = Strongly Disagree 2 1.9
provides adequate 18 175
training and skill = Disagree .
development to use Al- »  Neutral 23 22.3 1-5 | 3.60+1.09 4.00 72.04%
based project
management tools = Agree 36 35.0
effectively? *  Strongly Agree 24 23.3
= Strongly Disagree 2 1.9
Lack of adequate training 1 1.0
limits the effective = Disagree ’
utilization of Al-based »  Neutral 18 17.5 1-5 | 4.07+0.84 4.00 81.36%
project management
tools? »  Agree 49 47.6
= Strongly Agree 33 32.0
= Strongly Disagree 0 0.0
My organization follows 6 5.8
ethical guidelines and = Disagree :
policies for the responsible = Neutral 23 22.3 2-5 | 3.91+0.84 4.00 78.25%
use of Al-based project
management tools? = Agree 8 46.6
= Strongly Agree 26 25.2
Ethical risks (e.g., bias, = Strongly Disagree 0 0.0
transparency, 2 1.9
accountability) are a = Disagree ’
concern in our »  Neutral 17 16.5 2-5 4.06+0.71 4.00 81.17%
organization’s Al-based
project management = Agree 7 553
practices? * Strongly Agree 27 26.2

Table (10) presents the statistical distribution of the study sample according to the
factors influencing Al utilization in project management, highlighting participants’
responses toward each item. The results indicate that all items achieved relatively high
mean scores, ranging between (3.60 and 4.07), with corresponding mean score
percentages exceeding 70%. This suggests a generally positive perception and strong
agreement among respondents regarding the importance and influence of Al-based
project management.

The highest mean score was recorded for the item stating that “Lack of adequate
training limits the effective utilization of Al-based project management tools” (Mean =
4.07 £ 0.84), reflecting a strong acknowledgment of the need for skill development and
capacity building to ensure the effective implementation of Al technologies.
Conversely, the lowest mean score was found for the item “Our current infrastructure
is technically compatible with Al-based project management tools” (Mean = 3.62 +
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1.08), indicating the existence of technical and infrastructural challenges that may
hinder full integration.

Table (11): Distribution of the study subjects according to Al-Based Project Management

q Mean
q Min- | Mean £ .
Al-Based Project Management Frequency Percent Max SD median  score
’ percent
Strongly Disagree 1 1.0
Al tools are Disagree 7 6.8
utilized to support
. - 98x0. 8 619
project planning Neutral 11 10.7 1-5 | 3.98+0.85 4.00 79.61%
and scheduling. Agree 58 56.3
Strongly Agree 26 25.2
Al tools are Strongly Disagree 0 0-0
utilized to prepare Disagree 5 4.9
and manage
project Neutral 13 12.6 2-5 | 4.06+0.78 4.00 81.17%
documentation and Agree 56 54.4
reports.
Strongly Agree 29 282
Al tools are Strongly Disagree 3 29
utilized to forecast Disagree 8 7.8
resource
3 - 971, | 429
kequigbafents Neutral 11 10.7 1-5 | 3.97+£1.00 4.00 79.42%
(staff, equipment, Agree 48 46.6
materials).
Strongly Agree 33 32.0
Strongly Disagree 2 1.9
Al tools are ° 8.7
utilized to allocate Disagree .
resources based on Neutral 15 14.6 1-5 | 3.91+0.98 4.00 78.25%
project needs and
4 45.
priorities. Agree ! 56
Strongly Agree 30 291
Strongly Disagree 3 2.9
Al tools help 6 5.8
prioritize tasks Disagree :
based on urgency, Neutral 10 9.7 1-5 | 4.02+0.96 4.00 80.39%
dependencies, or
workload. Agree St 495
Strongly Agree 33 32.0
Strongly Disagree 3 2.9
Al tools support 6 58
updating and Disagree .
optimizing Neutral 13 12.6 1-5 | 3.97+0.96 4.00 79.42%
schedules during
50 48.5
project execution. Agree
Strongly Agree 31 30.1
. 2 1.9
AI tools support Strongly Disagree
-ti i i 8 7.8
real tl'me tracking Disagree 1-5 | 3.99+0.99 4.00 79.81%
of project progress Neutral 14 13.6
and performance.
Agree 44 42.7




Mean

Al-Based Project Management Frequency Percent median  score
percent
Strongly Agree 35 34.0
Strongly Disagree 1 L0
puioobimprme | - pisgre N T
timeliness of Neutral 7 6.8 1-5 | 4.19+0.81 4.00 83.88%
progress reporting. Agree 53 51.5
Strongly Agree 38 36.9
Alenabled Strongly Disagree 1 1.0
platforms facilitate Disagree 6 5.8
communica‘tion Neutral 13 12.6 1-5 | 4.09+0.90 4.00 81.75%
akebalders, | *_Agree 6 | w7
Strongly Agree 37 35.9
Al-enabled Strongly Disagree 4 39
platforr.ns ir.nprove Disagree 4 3.9
cootg‘:;("sa:;’; of Neutral 10 9.7 1-5 | 4012095 | 4.00 | 80.19%
information across Agree 54 52.4
feams. = Strongly Agree 31 30.1

Table (11) illustrates the distribution of respondents’ perceptions regarding Al-based
project management practices within their organizations. The findings reveal generally
high mean scores, ranging between 3.91 and 4.19, with mean score percentages
exceeding 78%, reflecting a strong overall agreement on the significant role of Al tools
in enhancing project management processes.

The highest mean score was observed for the item stating that “Al tools improve the
accuracy and timeliness of progress reporting” (Mean = 4.19 + 0.81; 83.88%),
indicating a clear recognition of AI’s contribution to increasing reporting efficiency and
data accuracy. Similarly, high agreement levels were recorded for statements
emphasizing Al’s role in facilitating communication among project stakeholders (Mean
=4.09 + 0.90) and enhancing task coordination across teams (Mean = 4.01 + 0.95).
These findings underscore the integrative potential of Al-enabled platforms in
improving collaboration, information flow, and decision-making efficiency.

Although all items scored favorably, slightly lower means were noted in areas related
to resource allocation and technical forecasting, suggesting that Al utilization in
resource management is still developing compared to its established use in monitoring
and reporting functions.
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Table (12): Distribution of the study subjects according to Project Management Outcomes

. Mean
. Min- | Mean + .
Project Management Outcomes Frequency Percent Max SD median  score
’ percent
Al tools improve Strongly Disagree 1 1.0
the accuracy of Disagree 7 6.8
decision-making
. - .90+0. . .06
in design and Neutral 20 19.4 1-5 | 3.90+0.90 4.00 78.06%
consultancy Agree 48 46.6
firms.
Strongly Agree 27 26.2
Strongly Disagree 2 1.9
Al tools enhance p 39
the speed of Disagree .
decision-making Neutral 12 11.7 1-5 | 4.12+£0.90 4.00 82.33%
for project
managers. Agree 47 45.6
Strongly Agree 38 36.9
The use of AI Strongly Disagree 1 1.0
contributes to Disagree 3 2.9
higher-quality
. - 120, . 339
deliverables in Neutral 14 13.6 1-5 | 4.12+0.82 4.00 82.33%
project Agree 50 48.5
management.
Strongly Agree 35 34.0
Strongly Disagree 2 1.9
Al improves the Disagree 5 4.9
consistency and
. - .04=0. L .78
reliability of Neutral 17 16.5 1-5 | 4.04+0.95 4.00 80.78%
project outcomes. Agree 42 40.8
Strongly Agree 37 35.9
Al-based tools Strongly Disagree 0 0.0
improve the Disagree 6 5.8
accuracy of 4.10+0.82 4.00 81.94%
collecting Neutral 12 17 |25
project-related Agree 51 49.5
data.
Strongly Agree 34 33.0
Strongly Disagree 0 0.0
Al reduces 4 39
errors in Disagree . 0
recording or Neutral 11 10.7 2.5 4.25+0.80 4.00 85.05%
documenting
4 41.
project data. Agree 3 7
Strongly Agree 45 43.7
Al tools provide Strongly Disagree 1 1.0
valuable insights Disagree 2 1.9
through
advanced Neutral 11 10.7 1-5 | 4.26+0.80 4.00 85.24%
analysis of Agree 44 492.7
project data.
Strongly Agree 45 43.7
AT helps identify Strongly Disagree ! 1.0 )
useful patterns Disagree 0 0.0 1-5 4.16+0.74 4.00 83.11%
and trend that
Neutral 15 14.6
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Mean

. Min- | Mean + .
Project Management Outcomes Frequency Percent Max SD median  score
) percent
support project Agree 53 51.5
improvements.
Strongly Agree 34 33.0
Strongly Disagree 1 1.0
Al tools improve Disagree 4 3.9
the identification
. - 17x0. . .30¢
of potential risks Neutral 12 11.7 1-5 | 4.17+0.85 4.00 83.30%
in projects. Agree 46 44.7
Strongly Agree 40 38.8
Strongly Disagree 2 1.9
Al helps assess ) 1.9
the likelihood Disagree .
and impact of 15 14.6 1-5 | 4.11+0.86 4.00 82.14%
P Neutral
identified risks
48 46.6
more accurately. Agree
Strongly Agree 36 35.0
Al helps save Strongly Disagree ! 1.0
time for project Disagree 0 0.0
managers in 9 8.7 15 | 4-26£0.70 4.00 85.24%
routine tasks Neutral .
(e.g., reporting, Agree 54 52.4
scheduling).
Strongly Agree 39 379
Strongly Disagree 1 L0
Al refiuces d'elays Disagree 0 0.0
by improving 13 12.6 15 | 4-23£0.74 4.00 84.66%
task allocation Neutral ’
and monitoring. Agree 49 47.6
Strongly Agree 40 38.8
Al enhances Strongly Disagree 2 1.9
collaboration 6 58
among team Disagree :
r(rllen'lbers 1(;1 Neutral 16 15.5 1-5 | 3.94+0.92 4.00 78.83%
esign an
51 49.5
consultancy Agree
firms. Strongly Agree 28 27.2
Al tools improve Strongly Disagree ! 10
coglruniia(tiion Disagree 3 2.9
and knowledge-
. - .02=+0. . .39¢
sharing across Neutral 18 17.5 1-5 | 4.02+0.82 4.00 80.39%
project Agree 52 50.5
stakeholders.
Strongly Agree 29 282

Table (12) presents the distribution of respondents’ opinions regarding project
management outcomes in relation to Al-based tools. The results reveal that the mean
scores for all items were relatively high, ranging between 3.90 and 4.26, with mean
score percentages exceeding 78%, indicating a strong consensus among participants on
the positive impact of Al in enhancing project management outcomes within design
and consultancy firms.
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The highest mean was recorded for the item “Al helps save time for project managers
in routine tasks such as reporting and scheduling” (Mean = 4.26 + 0.70, 85.24%),
followed closely by “Al tools provide valuable insights through advanced analysis of
project data” with similar values. These findings suggest that participants primarily
recognize Al’s contribution to operational efficiency, time optimization, and advanced
data analytics.

Moreover, items related to improving the accuracy of data collection, reducing
documentation errors, and identifying potential project risks also showed high
agreement levels (mean score percentages between 81.9% and 84.7%). This implies
that Al plays a vital role in enhancing data quality, improving risk prediction, and
supporting more accurate decision-making processes.

On the other hand, items such as “Al enhances collaboration among team members”
and “Al improves communication and knowledge-sharing across stakeholders”
recorded slightly lower means (3.94 and 4.02, respectively), suggesting that Al’s
influence on the social and collaborative aspects of project management remains less
pronounced compared to its technical and administrative contributions.

4.4 Descriptive Statistics of Variables

4.4.1 Independent Variables (Factors Influencing Al Utilization)

Table (13) Descriptive Statistics of Independent Variables (Factors Influencing Al utilization)

. Mean Interpretation

Variables Mean+SD Sk:\;vne Kurstos1 score

percent
Moderate
Data Privacy and Security | 7.47¢1.49 | 000 | -0.17 | 74.66% " o
consistent
practices
Notable
Resistance to Change 773155 | -048 | 073 | 77.28% employee
resistance
observed
Cost of Al lmplementation | 7.65¢1.76 | -067 | 023 | 7650% | . Ssnificant
financial barrier
. Technical
Compatibility with 748139 | 011 | -065 | 74.76% challenges

Existing Infrastructure

present
Workforce Development 7.67+1.40 0.22 -0.82 76.70% Tr'alnln'g.gaps
identified
Ethical Considerations | 7.97+1.31 | -0.08 | -0.66 | 79.71% | ehestconcern
among IVs
Factors Influencing AL |45 96,654 | 0.14 | 050 | 76.60% | >on8nfluence
utilization expected

48



1.

Table (13) shows Descriptive Statistics of Independent Variables (Factors Influencing
Al utilization) the following Data Privacy and Security 7.47+£1.49 Mean score percent
74.66%, Resistance to Change 7.73+1.55 Mean score percent 77.28%, Cost of Al
Implementation 7.65+1.76 Mean score percent 76.50%, Compatibility with Existing
Infrastructure 7.48+1.39 Mean score percent 74.76%, Workforce Development
7.67+1.40 Mean score percent 76.70%, Ethical Considerations 7.97+1.31 Mean score
percent 79.71%, Factors Influencing Al utilization 45.96+6.54Mean score percent
76.60%

All independent variables demonstrated relatively high mean scores, ranging from
7.47 to 7.97 on a scale of approximately 20 points (converted from 5-point Likert
items), corresponding to mean score percentages exceeding 70%.

Qualitative Insights: Interviews revealed that ethical considerations, while scoring
highest quantitatively, were often framed as emerging concerns. One expert
noted: "Ethical risks (e.g., bias, transparency, accountability) are a concern in our
organization's Al-based project management practices." Cost and workforce
development were repeatedly cited as primary barriers in open-ended responses.

4.4.2 Mediating Variables (Al-Based Project Management)

Table (14) Descriptive Statistics of Mediating Variables (Al-Based Project Management)

Skewne | Kurtosi Mean Utilization
Variables Mean+SD s s score Level
percent
Streamline processes 2., | g o41139 | 076 | 076 | 80.39% Mgt
scheduling, documentation utilized
Resource allocation 7.88£1.78 | -1.09 | 091 | 78.83% High
utilization
Tasks Prioritizing 7.99+1.74 -1.30 1.72 79.90% .I-.||gh.
utilization
Progress reporting 8.18+1.60 | -143 | 272 | 81.84% MOEiZ':te'
Communication 8.10£1.62 | -141 | 272 | 80979 | 'oderate
utilization
Al-Based Project 40194699 | -1.08 | 1.12 | 80.39% strong
Management utilization

1.

Table (14) shows Descriptive Statistics of Mediating Variables (Al-Based Project
Management) the following Streamline processes e.g., scheduling, documentation
8.04+1.39 Mean score percent 80.39%, Resource allocation 7.88+1.78 Mean score
percent 78.83%, Tasks Prioritizing 7.99+1.74 Mean score percent 79.90%, Progress
reporting 8.18+1.60 Mean score percent 81.84%, Communication 8.10£1.62 Mean
score percent 80.97%, Al-Based Project Management 40.194+6.99 Mean score percent
80.39%.
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2. All five Al-based PM dimensions demonstrated high utilization levels, with mean

scores ranging from 7.88 to 8.18.

Qualitative Validation: Thematic analysis confirmed this pattern. Progress reporting
emerged as the most established Al application across firms, with one manager
stating: "Al  tools improve the accuracy and timeliness of progress
reporting." However, resource allocation tools received lower engagement due to
infrastructure compatibility issues.

4.4.3 Dependent Variables (Project Management Outcomes)

Table (15) Descriptive Statistics of Dependent Variables (Project Management Outcomes)

Skewne | Kurtosi Mean Perceived
Variables Mean+SD s s score Impact
percent
Highest
Decision-Making 8.02+1.62 -1.07 1.45 80.19% | perceived
benefit
Project Quality 816157 | -1.08 | 177 | 8155% | 'o"8
impact
Data Collection Accuracy | 835£145 | -1.04 | 116 | 83.50% | -'o"8
impact
Enhancing Data Analysis | 842+137 | -1.19 | 3.60 | 84.17% | Srong
impact
Risk Identification 827+1.56 -1.29 268 82 72% Mod_erate
Accuracy -high
Saving Time for Project | g0, 194 | 149 | 617 | ga950, | Moderate
Managers impact
Effective Communication | 7.96£1.55 | -0.88 | 149 | 79.61% | Moderate
impact
Highest
Project Management 57 67+8.22 1.04 1.98 o '8 .es
Outcomes . . -1. . 82.39% perceived
benefit

1.

Table (15) shows Descriptive Statistics of Dependent Variables (Project Management
Outcomes) the following Decision-Making 8.02+1.62Mean score percent 80.19%,
Project Quality 8.16+1.57 Mean score percent 81.55%, Data Collection Accuracy
8.35+1.45 Mean score percent 83.50%, Enhancing Data Analysis 8.42+1.37Mean score
percent 84.17%, Risk Identification Accuracy 8.27£1.56 Mean score percent 82.72%,
Saving Time for Project Managers 8.50+£1.24 Mean score percent 84.95%, Effective
Communication 7.96+1.55 Mean score percent 79.61%, Project Management
Outcomes 57.67+8.22Mean score percent 82.39%.

Dependent variables demonstrated the highest mean scores overall, ranging from 7.96to
8.50.
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3. Qualitative Corroboration: Respondents consistently highlighted time savings and
data quality improvements. Representative quotes included: "Al helps save time for
project managers in routine tasks (e.g., reporting, scheduling)" and "Speed and
accuracy, less cost on long term" from open-ended survey responses.

4.4.4 Open-ended questions

Table (16 ): Responses to the Question(What are the most significant challenges your organization
faces in the utilization of Al tools in project management for design and consultancy engineering
firms?)

Data quality and integration: Engineering data is fragmented across systems (Smar
tPlant, SAP, SharePoint, etc.), making Al training and automation difficult.
"Limited data quality and standardization across projects, which reduces Al
accuracy.

Capability Building: Train project managers and engineers in data analytics, Al
interpretation, and digital tools.

Change management and user adoption: Engineers trust experience-based judgment
over Al recommendations.

Collaborative Pilots: Launch joint Al pilot projects between major firms, clients,
and universities to localize best practices.

Cybersecurity and IP protection: Sharing design data with Al systems raises
compliance and confidentiality risks.

Data Integration: Establish unified project data environments (CDEs) and enforce
structured data standards across all firms.

Implementing an internal Al assurance framework for transparency and
compliance.

Intangible: Stronger data-driven decision culture, higher cross-discipline
collaboration, and improved visibility of project health for leadership through
predictive dashboards."

Integrating structured data environments for seamless tool access.

Leadership Alignment: Embed Al adoption KPIs in executive performance goals to
drive accountability and continuity."

Local Governance: Develop national Al guidelines aligned with Saudi PDPL and
Vision 2030 digital transformation goals.

Regulatory and validation concerns: Al-driven outputs must align with strict
engineering codes and client standards before approval.

Skill gaps: Limited expertise in data science within traditional engineering teams."
Upskilling project teams to confidently use Al insights in decision-making."
Absence of willingness to transform and start buying the Al tools

Adequate Training

Al tools based on common knowledge no creativity at all

Al tools require

Al tools require stable, high-quality data, which our systems don’t always provide.
Automates repetitive task

Challenges are present but can be managed with better training and support.
Compatibility with existing systems
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Responses ‘

Cost and resources

cost of Al tools due non-compatibility of infrastructure

Cost of implementation

Data fragmentation across departments makes it difficult for Al systems to function
properly.

Data privacy

Data quality and integration

Data security and confidentiality concerns make us hesitant to fully integrate Al
into client-sensitive projects.

Dependence on external consultants for Al setup makes us less flexible and
increases costs.

Develop national standards for data privacy, Al ethics, and digital project delivery,
aligned with Saudi Vision 2030 initiatives."

Develop shared data infrastructure to enable predictive analytics across the sector."
digital infrastructure sometimes limit system performance during large data
processing.

Employees resistance and cost

Encourage pilot projects to demonstrate measurable benefits of Al implementation.
Enhanced decision-making confidence, better collaboration, and a culture of
innovation within project teams.

Existing Data Structure

Having realtime data from job sites for real time reporting

High software costs and licensing fees are still a major limitation, especially for
medium firms.

Incompatible infrastructure

Infrastructure is not compatible

Insufficient regulatory guidance and data governance frameworks."

Intangible: Stronger data-driven decision culture, higher cross-discipline
collaboration, and improved visibility of project health for leadership through
predictive dashboards."

Integration betwe

Integration between Al platforms and project management software is still poor.
Integration difficulties between Al systems and existing project management
software.

Integration with existing software like Primavera and Revit is complicated and
often unreliable.

Invest in centralized project data platforms and ensure interoperability between
design, cost, and scheduling tools.

Lack of clear regulations or national guidelines makes firms cautious about full
adoption.

Lack of technical expertise among project managers to interpret Al outputs.
Learning the employee

Limited awareness of Al potential among senior leaders slows down adoption.
Mandate Al and digital project management training within professional
development programs.

most staff still don’t know how to use Al efficiently.

no suitable infrastructure and still usign old system

Provide national-level funding or incentives for digital transformation initiatives.
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Responses ‘

Reduced project delays and improved client satisfaction."

Resistance from older staff who feel uncomfortable with new digital tools remains
a barrier.

Resistance of employees

Resistance to change due to fear of job displacement or technology mistrust.
Some organizations don’t understand AI’s value, so they see it as unnecessary or
risky.

The Al tools don’t always match our Arabic documentation needs, causing
workflow disruptions.

The correct date and resource.

The cost of licenses and implementation is high, especially for small and medium
firms.

The cost of the Al tools

The infrastructure compatibility is required.

The main issue is the lack of staff training, most engineers are not familiar with Al
tools, so adoption is slow.

The readiness of current systems and workforce competency. The absence of
organization-wide initiatives towards Al technology

There’s resistance from senior management who prefer traditional methods and
don’t trust automated systems.

Time, data collection

Unclear ROI metrics, management finds it hard to quantify Al benefits in financial
terms.

We struggle with linking Al outputs to real project workflows; most tools feel
detached from how we actually work.

Gradual and systematic change

Training project teams and stakeholders to work with Al

Attracting experienced personnel

Continuous sharing of experiences among teams

Information gathering

Cost, Al ethics, infrastructure compatibility, data confidentiality, and providing
qualified personnel

Cost; system unpreparedness

Need for Al training

Tool-specific expertise and operation - Cost - Training

Speed

Assistance in project evaluation

Teams adopting Al - Availability of specialized implementation companies
Identifying drawbacks, verification, and establishing a mitigation mechanism
Identifying potential project risks and determining appropriate solutions
Preparing the company’s infrastructure

Providing training for employees

Providing qualified personnel

Modern and varies according to environment and current requirements

Speed in reaching preliminary results

Information confidentiality and safeguarding from circulation

Number of employees
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Responses ‘

Team members are not equally proficient in using Al; outputs are still unsuitable
for government requirements; Al outputs

require effort and cost to verify and validate

Measuring impact, verifying experiences, and disseminating results

Aligning infrastructure with Al tools

Table (17): Responses to the Question(In your opinion, what changes whether organizational,
technical, or regulatory would support more effective utilization of Al-based project management?)

Responses \

"« Establishing a centralized digital governance team to standardize data and Al
practices.

"o Tangible: Improved schedule forecasting, faster design reviews through
automated document analysis, and reduced rework costs via early clash and risk
detection.

"Establish Al governance policies, promote digital culture, and upskill staff in data
analytics and Al literacy.

"Gov. regulation

"Improved project scheduling accuracy, cost forecasting, and resource
optimization.

"Promote partnerships between academia, government, and industry for Al-focused
research in construction management.

"To strengthen Al-based project management across Saudi design and consultancy
firms, I’d recommend:

Adaptation challenges

Clear policies for data sharing and privacy are necessary to increase trust in Al
tools.

Compatibility with existing systems

Creating a national Al knowledge hub or platform for best practices would be very
helpful.

Data privacy, cost

Developing Al-ready data standards for engineering and design files would
simplify integration.

Encouraging cross-department collaboration can help align technical and
managerial teams.

Establishing a centralized digital governance team to standardize data and Al
practices.

Ethical regulation, government support

Financial incentives or subsidies for Al adoption would help smaller firms start
using these tools.

Government Regulations

Government support

Government system




Responses ‘

Improve IT infrastructure and training the staffs

Improving local cloud infrastructure could solve many performance issues.

In my opinion, more than one item support the changes, like the cost, the
compatibility with existing infrastructure and the training.

in terms of organization, it needs to have the willingness to invest and start to use
Al Technically, maybe through training and preparing the infrastructure.
Regulatory, ethical guidelines may enhance the Al utilization.

Include the Al cost withing the yearly budget

Integration between Al tools and existing platforms should be improved to ensure
smooth workflows.

Introducing clear national guidelines on Al ethics and data use would build more
confidence.

Larger firms have more financial and technical capacity to implement Al systems.
Sector type: High-complexity sectors (e.g., infrastructure, oil & gas) gain more
from predictive and analytical Al tools due to higher risk exposure. Demographics:
Younger or digitally trained project managers are more open to adopting
Altools,whereas,senior professionals may show more resistance without proper
training.

Mandatory digital transformation strategies for consultancy firms could accelerate
maturity.

Organizational-wide digital transformation to ease the integration of Al technology.
Organizations should appoint Al champions or focal points to lead transformation
initiatives.

Planning and preparation

reduce the cost of the Al tools

regulatory

Secure organization privacy

secure the data privacy of the organization

Security

Solid data base

Speed

Standard and government regulation to limit the Al utilization.

start with data (have internal project )

Subsidized Al training programs would make adoption more feasible for smaller
firms.

Technical upgrade to accommodate AT tools

The government could establish clear Al standards and ethical guidelines for
project management.

The government could support pilot projects to demonstrate real success cases.
There should be collaboration between universities and firms to develop tailored Al
solutions.

To be mandated by client

To strengthen Al-based project management across Saudi design and consultancy
firms and train project managers and engineers in data analytics, Al interpretation,
and digital tools.

Training budget and access to open Al sources, however open Al has its own risks.
Updating IT infrastructure to handle big data efficiently is critical.
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Responses ‘

Vendor localization, Al tools that understand Arabic and regional practices is
critical.

We need a national Al framework to guide implementation in the engineering
sector.

We need more Arabic-language support and localized data models for better
usability.

We need regular training programs to build internal Al skills and awareness.
Willing to invest in Al

Yes. Larger firms adopt Al more easily due to better resources and infrastructure.
Highly regulated sectors like energy move slower because of strict validation
requirements. Project managers’ age, digital literacy, and openness to technology
also shape how effectively Al is used and the value it delivers.

Encourage teams to experiment with and test the tools

Speed of obtaining information

Al tools compatible with current systems, ensuring data confidentiality

Use of technical tools for project management

Investment in Al

Training

Minimal financial support

Financial support to reduce costs, ensure data confidentiality, and provide an
ethical framework

Accuracy

Intensify training courses and consider them part of the development process
Ensure data confidentiality

Conduct training courses on how to use Al

Not sure. Tools are still emerging and outputs are rapidly changing, so evaluation is
not feasible

Governed ethical system

Organized government system

Yes, it affects the cost

Yes, it depends on the number of employees

Type of tools used

Set policies aligned with Al tools usage guidelines

Table (18): Responses to the Question(What tangible or intangible benefits has your organization
experienced from utilizing Al-based project management practices?)

Responses ‘

"Tangible: Improved schedule forecasting, faster design reviews through automated
document analysis, and reduced rework costs via early clash and risk detection.
Accuracy and quality enhancement

Al adoption has increased employee engagement among tech-savvy staff.

Al tools have reduced report preparation time and improved accuracy in progress
tracking.

Al tools help us spot design conflicts early, saving time and rework costs.

almost none
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Responses \

better quality

better quality and saving time for project managers

Decision-making has become faster since Al provides real-time data analysis.
Decision-making meetings are shorter, because data is readily available.
Enhanced efficiency

Fast and quality

Fast implementation 1, and less error

Future utilization and up to speed to market

It is only used personally as a personal effort toward enhancing the quality
department

Managers have more visibility and control over project timelines.

Our project documentation and data organization have improved significantly.
Our reporting accuracy improved, and clients appreciate the transparency.
Overall, the organizational culture is becoming more data-driven and innovative.
Project documentation has become more organized and searchable.

Quality control is enhanced because Al detects inconsistencies earlier.

Reduce the human errors and fast task completed

Saving time and quality enhancement

Speed and less error

Speed and quality, less cost on long term

Speed as tangible. Intangible benefits is quality improvement.

Speed, accuracy, time saving

Streamlined Documentation, Technology Transfer

Tangible Al good source to brainstorm

The system gives predictive insights, helping us mitigate risks before they escalate.
There’s better collaboration between departments through shared Al dashboards.
Training

We can now forecast resource needs more effectively, avoiding project delays.
We now predict project risks earlier, allowing more proactive planning.

We’ve cut down project delays thanks to predictive scheduling.

We’ve noticed a higher client satisfaction rate due to more reliable project delivery.
We’ve noticed fewer project overruns since introducing Al scheduling support.
Workload stress has decreased, as repetitive tasks are now automated.

Yes. Larger firms adopt Al more easily due to better resources and infrastructure.
Early risk detection

Accuracy, analyzing large volumes of data, real-time data acquisition

High speed

Speed and accuracy

Speed, accuracy, time-saving, early risk detection, increasing project success
probability

Speed, transparency, information availability, reducing employee workload
Facilitation of work tools

Providing suitable staff

Time-saving

Saving time in routine tasks

Increased productivity and time efficiency

Commitment to infrastructure compatibility
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Responses
The higher the number of employees, the higher the cost

Table (19): Responses to the Question(What recommendations would you propose to enhance the
utilization and outcomes of Al-based project management in the Saudi design and consultancy
engineering firms?)

Responses ‘

Allocate budget for Al tools and training

Cost- cash flow

Create Al mentorship programs where advanced firms support smaller ones in
adoption.

Create industry-wide Al benchmarking standards for performance measurement.
Develop Al maturity assessment tools to help firms evaluate their readiness.
Develop local Al solutions tailored to Saudi market needs and regulations.
Digital transformation of all company processes will bridge the gap between the
current systems (if any) and Al integrations.

Encourage collaboration between government, academia, and industry to share
knowledge.

Encourage firms to run pilot projects before full-scale implementation.

Ensure data governance frameworks are standardized and transparent.

Establish joint learning platforms for sharing best practices among companies.
ethical consideration

ethical guidelines

Ethical regulation

Fail fast, means start as early as possible

Government support to minimize the cost and to establish ethical rules

Increase awareness campaigns about the real value of Al in project management.
Invest in Al and allocate a budget for the Al utilization

Invest in continuous professional development focused on Al and digital
transformation.

Launch national awareness programs showing real success stories of Al adoption.
Make Al training a mandatory part of project management certification programs.
More training and increase awareness, Al is way beyond chat GPT

Offer financial incentives for companies adopting Al sustainably.

Place a regulations of using the Al

planning and training the team to use Al tools

Promote cross sector success stories to inspire others to adopt similar practices.
Proper Handson Training,Uses of Al in daily life

Provide financial incentives or tax reliefs for firms investing in Al technologies.
Reduce the cost of the tools

resources training

Reward innovation within firms that successfully use Al in real projects.
Securing the data privacy

Start with awareness campaigns to build understanding of AI’s real potential.
Start with small pilot projects to build confidence before scaling up.

Support the ai form government or big companies
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Responses \

Support the cost of the ai tools

There are areas for improvement, mainly regarding cost and readiness.
train people

Training to the employees to adopt them with Al

Try with a Pilot and take the lesson learned and apply it properly in the projects.
Yes, additional resources, more cost

I find that Al cannot be fully relied upon in design as a perspective
Recruiting skilled personnel

Investing in Al tools, providing adequate staff training, recruiting highly
experienced personnel, preparing the company infrastructure
Immediately start engaging companies to implement Al

Consolidating data into a single package

Training employees

Facilitating the design building process for the end-user for reading, modification,
or development

Providing methodologies

Information confidentiality

Ensuring information confidentiality

Number of employees

Limited required resources

Investment in Al

Table (20): Responses to the Question (Do you think organization size, sector type, or the
demographic profile of project managers influence the utilization or outcomes of Al in project
management? and why?)

Responses \

At this stage yes, but with time it will be affordable for all sizes and sectors.
Definitely, larger organizations have more financial and technical resources to
adopt Al effectively.

Diversity in teams helps because mixed-age and multidisciplinary groups bring
balanced adoption approaches.

Education and mindset play a major role — curiosity drives better adoption.
Experience level matters; those who understand project data well use Al more
effectively.

Gender or nationality doesn’t matter much, but digital literacy does.

I believe it depends on the tools and how frequently are you using the tools.
Multidisciplinary firms see more benefit from Al, as integration across fields
becomes easier.

Of course, more resources more cost

Older professionals may resist change due to comfort with manual systems.
Private firms adopt faster because their approval cycles are shorter

Private firms are quicker to experiment and adopt new technologies.
Proportionally

Public institutions face more procedural steps, slowing adoption.
Public-sector firms face more bureaucracy, slowing down Al implementation.
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Responses \

Rarely, it depends on the company sector

Smaller firms often struggle with costs and lack of skilled personnel.

Staff attitudes affect implementation, but overall support exists.

sure , lack of trust is the simple main cause

The organization’s culture plays a huge role, learning-oriented cultures adapt faster.
The sector type matters, firms focused on design innovation adopt Al faster than
those in traditional construction.

To some of extent

Yes, — larger organizations can afford more advanced Al tools and dedicated
teams.

Yes, because Al success depends on people’s mindset as much as on technology,
leadership support and openness are key.

yes, because each organization size required different level of Al tools

Yes, demographics may affect the cost of logistics

Yes, depending on size and sector

Yes, different size mean different cost

Yes, each sector require different tools, and then different cost.

Yes, I thought independent of volume of resource and data

Yes, larger firms usually have more budget and technical capacity to adopt Al
Yes, more cost, for more resources

Yes, more resources, mean cost.

Yes, needs to be specified as each may have different cost

Yes, since the tools access is associated with organization size, then cost is
impacted

Yes, some sector use special Al tools

yes, some sectors need different tools

Yes, The more the organization size the less cost is to utilize Al

yes, there is no one fit all.

Yes. Al strong in documentations and lack innovation and clear judgment
Younger project managers are generally more adaptable to Al tools and
experimentation.

Younger project managers are generally more open and tech-savvy, which
accelerates adoption.

Accuracy and speed

Time-saving

Increased staff costs

May affect the organization’s financial capacity

The cost increases with the number of employees

Does not affect if there is communication among all

Yes — it may reduce financial burdens for small organizations

Yes, the cost

Yes, depending on the type of company

Yes, as the number of employees affects cost, and the company type affects the
tools used

Yes, and it depends on the project, inputs, outputs, tools used, and individuals’
ability to develop and learn

Yes, the organization size affects the number of Al tool users, and thus the cost
changes
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Responses ‘

Yes, as the number of employees affects cost, and the company type affects the
tools used

Yes, geographical changes affect the cost

Yes, project cost and number of employees

Yes, company

4.5 Correlation Analysis (Pearson Correlation Matrix)

The Pearson Correlation Coefficient is an important statistical tool for measuring the
linear relationship between two continuous variables, with values ranging from -1 to
+1, indicating the direction and strength of the relationship. A value close to +1
indicates a strong positive relationship, a value close to -1 indicates a strong negative
relationship, while values near 0 reflect the absence of a clear linear relationship.

According to Gordon & Courtney (2023), this coefficient is widely used in social and
administrative research to understand the degree of association between variables
before conducting advanced analyses. Its use requires that the variables be continuous,
the relationship approximately linear, the data roughly normally distributed, and
extreme values avoided.

The purpose of the Pearson coefficient is to determine whether a significant relationship
exists between variables and to estimate the amount of shared variance through the
squared value of r (r?). However, the coefficient indicates correlation only, not
causation, and is therefore often used alongside additional analyses such as regression
or structural equation modeling. It is considered an essential preliminary step in
understanding relationships between variables and making methodological decisions in
research
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Correlation Matrix between Variables

Table (21) Correlation Matrix between Variables Independent Variables (Factors Influencing Al utilization) ,Mediating Variables (Al-Based Project

Management) and Dependent Variables(Project Management Outcomes)

Streamline
DEIE) Compatibility EEOE processes
Variables Privacy | Resistance Cost of A! with Existing Workforce E_thical_ Influencing e.q. Resou_rce Ta_skg
S and. to Change | Implementation Infrastructure Development | Considerations “AI . scheduling, allocation | Prioritizing
ecurity utilization :
documentation
Data Privacy and Security Fr) L
. r | 0.515* 1
Resistance to Change o | 0.000
. r | 0.357* 0.668** 1
Cost of Al Implementation o | 0.000 0.000
Compatibility with Existing r | 0.484* 0.516™ 0.467** 1
Infrastructure p | 0.000 0.000 0.000
Workforce Development r | 0.338** 0.482** 0.424* 0.625** 1
p | 0.000 0.000 0.000 0.000
Ethical Considerations r | 0.368** 0.237* 0.238* 0.532** 0.434* 1
p | 0.000 0.016 0.015 0.000 0.000
Factors Influencing Al utilization O P79’ 1 og11™ A Q0 !
p | 0.000 0.000 0.000 0.000 0.000 0.000
Streamline processes e.g., r| 0.189 0.290** 0.314** 0.453** 0.471** 0.377** 0.468** 1
scheduling, documentation p| 0.056 0.003 0.001 0.000 0.000 0.000 0.000
Resource allocation r| 0.135 0.360** 0.343** 0.459** 0.536** 0.263** 0.473* 0.748** 1
p| 0.175 0.000 0.000 0.000 0.000 0.007 0.000 0.000
Tasks Prioritizing r | 0.036 0.332* 0.249* 0.405** 0.414* 0.224* 0.373** 0.623** 0.789** 1
p| 0.720 0.001 0.011 0.000 0.000 0.023 0.000 0.000 0.000
Progress reporting r | 0.190 0.254** 0.212* 0.501** 0.468** 0.355** 0.438** 0.628** 0.652** 0.633**
p | 0.055 0.010 0.032 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Communication r | 0.288** 0.216* 0.276** 0.424** 0.373** 0.241* 0.409** 0.579** 0.698** 0.611*
p | 0.003 0.028 0.005 0.000 0.000 0.014 0.000 0.000 0.000 0.000
Al-Based Project Management r| 0.191 0.341* 0.325** 0.521** 0.527** 0.335** 0.502** 0.823** 0.911* 0.861**
p| 0.053 0.000 0.001 0.000 0.000 0.001 0.000 0.000 0.000 0.000
Decision-Making r| 0.211* 0.201* 0.229* 0.406** 0.423** 0.254** 0.385** 0.590** 0.577* 0.584**
p| 0.033 0.042 0.020 0.000 0.000 0.010 0.000 0.000 0.000 0.000
Project Quality r | 0.295* 0.311** 0.251* 0.412** 0.489** 0.322** 0.465** 0.513* 0.580** 0.539*
p | 0.003 0.001 0.011 0.000 0.000 0.001 0.000 0.000 0.000 0.000
Data Collection Accuracy r | 0.263** 0.220* 0.198* 0.360** 0.376** 0.335** 0.389** 0.390** 0.462** 0.451*
p | 0.007 0.025 0.045 0.000 0.000 0.001 0.000 0.000 0.000 0.000
Enhancing Data Analysis r | 0.033 0.146 0.008 0.282** 0.247* 0.209* 0.199* 0.393** 0.422* 0.475*
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Data c T e Streamline
Variables Privacy | Resistance Cost of A! w(i)trr?il)iiilst:rllg Workforce Elthical' Influencing proeczs-’ses Resource Ta§}<§
S and. to Change | Implementation Infrastructure Development | Considerations ._AI . scheduling, allocation | Prioritizing
ecurity utilization d :
ocumentation
p| 0.738 0.141 0.934 0.004 0.012 0.034 0.044 0.000 0.000 0.000
Risk Identification Accuracy r | 0.256** 0.378** 0.231* 0.384** 0.415** 0.229* 0.427* 0.500** 0.610** 0.615**
p | 0.009 0.000 0.019 0.000 0.000 0.020 0.000 0.000 0.000 0.000
Saving Time for Project r | 0.207* 0.329** 0.255** 0.340* 0.366** 0.123 0.369** 0.345** 0.459** 0.469**
Managers p| 0.036 0.001 0.009 0.000 0.000 0.215 0.000 0.000 0.000 0.000
Effective Communication r | 0.240* 0.321* 0.322** 0.364** 0.397** 0.245* 0.429** 0.454** 0.582** 0.533*
p| 0.014 0.001 0.001 0.000 0.000 0.012 0.000 0.000 0.000 0.000
Project Management Outcomes r | 0.275* 0.345** 0.273** 0.463** 0.494** 0.314* 0.485** 0.582** 0.672** 0.665**
p | 0.005 0.000 0.005 0.000 0.000 0.001 0.000 0.000 0.000 0.000
Follow Table (21) Correlation Matrix between Variables Independent Variables (Factors Influencing Al utilization) ,Mediating Variables (Al-Based Project
Management) and Dependent Variables(Project Management Outcomes)
. . Savin .
. Progress - AI-B:_:\sed Decision- | Project Datq 2ETETY R.'.S < . Time fgr Effective AT 5!
Variables reporting Communication Project Making | Quality Collection Data Identification Project Communication Management
Management Accuracy | Analysis Accuracy M Outcomes
anagers
Progress reporting F'; L
Communication ri 03g” !
p 0.000
Al-Based Project r | 0.847* 0.844* 1
Management p 0.000 0.000
Decision-Making r | 0.662** 0.666** 0.716** 1
p 0.000 0.000 0.000
Project Quality r | 0.638* 0.624** 0.675** 0.727* 1
p 0.000 0.000 0.000 0.000
Data Collection Accuracy r | 0.615* 0.509** 0.566** 0.571** | 0.676** 1
p 0.000 0.000 0.000 0.000 0.000
Enhancing Data Analysis r | 0.391* 0.436** 0.495** 0.478* | 0.490** | 0.384* 1
p 0.000 0.000 0.000 0.000 0.000 0.000
Risk Identification r | 0.567** 0.601** 0.677* 0.606** | 0.563** | 0.355** 0.575*
Accuracy p 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Saving Time for Project | r | 0.309** 0.510** 0.492** 0.467 | 0.533** | 0.457* 0.626** 0.632** 1
Managers p 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Effective Communication | r | 0.454** 0.663** 0.629** 0.643** | 0.634** | 0.471* 0.584* 0.628** 0.711* 1
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p 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Project Management r | 0.667** 0.730** 0.775** 0.824** | 0.843** | 0.708** 0.737* 0.790** 0.785** 0.844**
Outcomes p 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Legend:

** Correlation is significant at the 0.01 level (2-tailed).
* Correlation is significant at the 0.05 level (2-tailed).
* Pearson correlation test
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The results presented in the correlation matrix reveal statistically significant relationships among
the independent variables (factors influencing Al utilization), the mediating variable (Al-based
project management), and the dependent variable (project management outcomes).

First, the correlations between the independent variables—including data privacy and security,
resistance to change, cost of Al implementation, compatibility with existing infrastructure,
workforce development, and ethical considerations—and the mediating variable (Al-based
project management) are all positive, with correlation coefficients ranging from (r = 0.325 to r
= 0.527). Most of these relationships are statistically significant at the 0.01 level, indicating that
improvements in these organizational and technical factors are associated with greater utilization
and more effective utilization of Al-based project management practices. This suggests that when
organizations invest in developing workforce capabilities, ensuring infrastructure compatibility,
and addressing ethical and security concerns, they create a favorable environment for Al
integration in project management processes.

Second, the correlations between the mediating variable (Al-based project management) and
the dependent variable (project management outcomes) are also positive and statistically
significant, with a strong coefficient (r = 0.775, p = 0.000). This demonstrates that effective Al-
based project management substantially contributes to improving project outcomes—such as
enhancing process efficiency, optimizing resource allocation, prioritizing tasks, streamlining
communication, and improving progress reporting.

Finally, the direct relationships between the independent variables and project management
outcomes are also positive and statistically significant, with correlation coefficients ranging from
(r = 0.275 to r = 0.494). These findings indicate that favorable conditions influencing Al
utilization directly enhance project management outcomes; however, the stronger correlations
observed through the mediating variable suggest that Al-based project management partially
mediates the relationship between the influencing factors and project success.

In summary, the findings highlight a coherent relational pattern where organizational and
technical factors positively influence Al-based project management, which in turn significantly
enhances project outcomes. This supports the conceptual framework of the study, confirming both
the direct and indirect effects of the independent variables on project performance through the
mediating role of Al-based project management.

Qualitative Support: Thematic analysis confirmed this pattern. The "Workforce Development"
theme appeared in all 10 interviews, with recurring phrases including "training gaps," "skill
development," and "digital literacy." One respondent stated: "Lack of adequate training limits the
effective utilization of Al-based project management tools."
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4.6 Hypothesis Testing Results

H1 Impact of Independent Variables on Dependent Variables “Project Outcomes”

H1: The factors influencing project management significantly influence project outcomes
in design and consultancy engineering projects.

To test the main study Hypothesis H1, the researcher used simple linear regression analysis of the
effect of factors influencing project management on Project Management Outcomes in design and

consultancy engineering projects.

Table (22) Test of factors influencing project management effect on Project Management Outcomes in

design and consultancy engineering projects

Sum of Mean

df Squares | Square R) | (R2) B Bl

Regression 1 1616.89 1616.89

Residual 101 | 5269.88 52.18 0.485 | 0.235 | 29.69 | 0.61 | 30.989 | 0.000* | 5.567 | 0.000*
Total 102 | 6886.78
a. Dependent Variable: Project Management Outcomes
b. Predictors: (Constant), factors influencing project management
*A function at the level of significance less than (0.05).

The table presents the results of a simple linear regression analysis conducted to examine the effect
of factors influencing project management on project management outcomes in design and
consultancy engineering projects.

The results indicate that the correlation coefficient (R) is (0.485), suggesting a moderate positive
relationship between the two variables. The coefficient of determination (R? = 0.235) reveals that
approximately 23.5% of the variation in project management outcomes can be explained by the
factors influencing project management, while the remaining variance is attributed to other factors
not included in the model.

The F-test value of (F = 30.989, Sig = 0.000) confirms that the overall regression model is
statistically significant, indicating that the factors influencing project management significantly
explain the variance in project outcomes.

Furthermore, the t-test results show a statistically significant effect (t = 5.567, Sig = 0.000),
demonstrating that the influencing factors positively impact project outcomes. The regression
coefficient (B: = 0.61) indicates that a one-unit increase in the factors influencing project
management leads to a 0.61-unit increase in project management outcomes.

Therefore, these findings confirm that the factors influencing project management are key

determinants that contribute significantly to improving project outcomes in design and consultancy
engineering projects. This result supports the validity of the main hypothesis (H1), which states
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that “The factors influencing project management significantly influence project outcomes in
design and consultancy engineering projects.”

To test the main study Hypothesis H1, the researcher used Multiple linear regression analysis of the effect of
factors influencing project management on Project Management Outcomes in design and consultancy
engineering projects.

Table (23) Test of factors influencing project management effect on Project Management Outcomes in design
and consultancy engineering projects

Coefficient ?
Unstandardized Standardized

Coefficients Coefficients
B L Beta
Error
(Constant) 46.359 4.005 11.575 | 0.000 " o
1 Data Privacy and Security | 1.515 0.526 0.275 2.879 | 0.005 8.291 | 0.005 7-59% 7.59%
(Constant) 40.927 4.451 9.196 | 0.000
2 | Data Privacy and Security 0.733 0.598 0.133 1.226 | 0.223 | 7.586 0.001* | 13.17% 7.59%
Resistance to Change 1.458 0.575 0.276 2.537 | 0.013 5.59%
(Constant) 40.328 4.580 8.806 | 0.000
Data Privacy and Security 0.726 0.600 0.132 1.209 | 0.229 7.59%
3 Resistance to Change 1.201 0.724 0.227 1.658 | 0.100 | 5.140 | 0.002* | 13.48% | 5.59%
Cost of Al 0346 | 0.587 0.074 0.589 | 0.557 0.30%
Implementation
(Constant) 34.344 4.672 7.350 | 0.000
Data Privacy and Security 0.107 0.596 0.019 0.179 | 0.858 7.59%
Resistance to Change 0.750 0.699 0.142 1.074 | 0.285 5.59%
* o
4 Cost of Al -0.039 | 0.568 -0.008 0.069 | 0945 | 7303 | 00007 122.96% 1y 30,
Implementation
Compatibility with 2278 | 0.656 0.384 3.474 | 0.001 9.49%
Existing Infrastructure
(Constant) 29.998 4.771 6.287 | 0.000
Data Privacy and Security 0.161 0.577 0.029 0.280 | 0.780 7.59%
Resistance to Change 0.433 0.685 0.082 0.633 | 0.528 5.59%
5 Cost of Al -0.146 | 0.550 -0.031 -0.265 | 0.792 | 7.845 | 0.000% | 28.79% | 0.30%
Implementation
Compatibility with 1313 | 0.720 0.221 1.823 | 0.071 9.49%
Existing Infrastructure
Workforce Development 1.880 0.667 0.319 2.818 | 0.006 5.83%
(Constant) 28.842 5.323 5419 | 0.000
Data Privacy and Security 0.106 0.590 0.019 0.180 | 0.858 7.59%
Resistance to Change 0.481 0.694 0.091 0.693 | 0.490 5.59%
Cost of Al o
6 Implementation -0.149 0.552 -0.032 -0.271 | 0.787 6528 | 0.000% | 28.98% 0.30%
Compatibility with 1190 | 0.764 0.201 1.557 | 0.123 9.49%
Existing Infrastructure
Workforce Development 1.819 0.681 0.309 2.671 | 0.009 5.83%
Ethical Considerations 0.329 0.660 0.052 0.498 | 0.619 0.18%

a. Dependent Variable: Project Management Outcomes
*A function at the level of significance less than (0.05).
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The table presents the results of a multiple linear regression analysis conducted to examine the impact
of the factors influencing project management on project management outcomes in design and
consultancy engineering projects. The independent variables were entered progressively to identify the
relative contribution of each factor to explaining the variance in project outcomes.
In the first model, the variable Data Privacy and Security was entered, yielding an R? value of 0.0759,
indicating that this factor explains approximately 7.59% of the variance in project management outcomes.
The relationship was positive and statistically significant (B =1.515, t = 2.879, Sig = 0.005), suggesting
that stronger data protection and privacy practices contribute to better project performance.
In the second model, Resistance to Change was added, increasing the R* value to 0.1317, meaning that
both variables together explain 13.17% of the variance in project outcomes. The impact of resistance to
change was statistically significant (B = 1.458, t = 2.537, Sig = 0.013), confirming that reducing
employee resistance to technological and organizational changes enhances project success.
The third model, which included Cost of Al Implementation, did not show a statistically significant
effect (Sig = 0.557), suggesting that implementation cost does not play a decisive role in predicting
project outcomes within the studied sample.
In the fourth model, the addition of Compatibility with Existing Infrastructure substantially improved
the explanatory power of the model, raising R? to 0.2296. This variable had a strong and significant
positive effect (B = 2.278, t = 3.474, Sig = 0.001), highlighting the importance of having a compatible
technical infrastructure to support effective project management processes.
In the fifth model, Workforce Development was introduced, further increasing the R? value to 0.2879,
indicating that the set of influencing factors collectively explain about 28.79% of the variation in project
outcomes. This factor was also statistically significant (B = 1.880, t = 2.818, Sig = 0.006), emphasizing
the critical role of developing workforce competencies in achieving improved project management
outcomes.
Finally, the sixth model incorporated Ethical Considerations, which did not show a significant effect
(Sig = 0.619), implying that while ethics remains an important theoretical dimension, it did not have a
direct measurable impact on project outcomes in this context.
Overall, the findings indicate that the most influential factors contributing to project management
success are:

» Compatibility with existing infrastructure

» Workforce development

» Resistance to change

» Data privacy and security
Collectively, these variables explain nearly 29% of the variance in project management outcomes,
confirming the validity of the main hypothesis (H1), which posits that “The factors influencing project
management significantly influence project outcomes in design and consultancy engineering projects.”

H1A: Data privacy and security concerns significantly influence project outcomes in design
and consultancy engineering projects.

To test the main study Hypothesis H1 A, the researcher used simple linear regression analysis of
the effect of Data privacy and security on Project Management Outcomes in design and consultancy

engineering projects.
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Table (24) Test of Data privacy and security effect on Project Management Outcomes in design and

consultancy engineering projects

Sum of Mean

- Squares Square R) 12

Regression 1 522.42 522.42

Residual 101 6364.36 63.01 0.275 | 0.076 | 46.37 | 1.52 | 8.291 | 0.005* | 2.88 | 0.005*

Total 102 | 6886.78

a. Dependent Variable: Project Management Outcomes

b. Predictors: (Constant), Data privacy and security

*A function at the level of significance less than (0.05).

Table (24) presents the results of a simple linear regression analysis conducted to examine the
impact of data privacy and security on project management outcomes within design and
consultancy engineering projects.

The results indicate that the correlation coefficient (R) is (0.275), suggesting a moderate positive
relationship between data privacy and security and project management outcomes. The coefficient
of determination (R? = 0.076) reveals that approximately (7.6%) of the variation in project
management outcomes can be explained by the level of data privacy and security, while the
remaining variation is attributed to other unobserved factors.

The F-test value of (F = 8.291, Sig = 0.005) indicates that the regression model is statistically
significant as a whole, implying that data privacy and security significantly contribute to
explaining variations in project management outcomes.

Moreover, the t-test results show a significant positive effect of data privacy and security (t = 2.88,
Sig = 0.005), with an unstandardized coefficient (B: = 1.52). This means that for every one-unit
increase in data privacy and security, project management outcomes are expected to increase by
(1.52) units.

Accordingly, it can be concluded that data privacy and security represent one of the key factors
contributing to the enhancement of project management outcomes, through strengthening trust,
minimizing operational risks, and ensuring the integrity of information within engineering project
environments. These results support the sub-hypothesis (HI1A), which states that:
“Data privacy and security concerns have a statistically significant effect on project outcomes in
design and consultancy engineering projects.”

H1B: Resistance to change significantly influence project outcomes in design and
consultancy engineering projects.

To test the main study Hypothesis H1B, the researcher used simple linear regression analysis of
the effect of Resistance to change on Project Management Outcomes in design and consultancy

engineering projects.
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Table (25) Test of Resistance to change effect on Project Management Outcomes in design and

consultancy engineering projects

Sum of = Mean
Squares Square ®) | R2) .

Regressmn 1 | 817.34 817.34

Residual 101 6069.44 60.09 0.345 | 0.119 | 43.59 | 1.82 | 13.601 | 0.000* | 3.688 | 0.000*
Total 102 6886.78
a. Dependent Variable: Project Management Outcomes

b. Predictors: (Constant), Resistance to change
*A function at the level of significance less than (0.05).

Table (25) presents the results of the simple linear regression analysis used to examine the effect
of Resistance to Change on Project Management Outcomes in design and consultancy engineering
projects.

The findings show that the correlation coefficient (R) equals (0.345), indicating a moderate
positive relationship between resistance to change and project management outcomes. The
coefficient of determination (R*=0.119) reveals that 11.9% of the variance in project management
outcomes can be explained by resistance to change, while the remaining variance is attributed to
other factors not included in the model.

The results of the F-test (F = 13.601, Sig = 0.000) demonstrate that the regression model is
statistically significant at the level of (0.05), confirming that resistance to change has a significant
overall impact on project management outcomes.

Furthermore, the t-test results (t = 3.688, Sig = 0.000) indicate a positive and statistically
significant effect of resistance to change on project management outcomes. The unstandardized
coefficient (B: = 1.82) suggests that for every one-unit increase in resistance to change, project
management outcomes increase by approximately (1.82) units.

Accordingly, these findings confirm that resistance to change is a critical factor influencing project
management performance in design and consultancy engineering projects. It influences the extent
to which modern management tools and digital transformation initiatives, including Al-based
project management, are successfully implemented.

Thus, the results support the sub-hypothesis (H1B) which states that:
“Resistance to change has a statistically significant effect on project management outcomes in

design and consultancy engineering projects.”

H1C: Costs of Al implementation significantly influence project outcomes in design and
consultancy engineering projects.
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To test the main study Hypothesis H1C, the researcher used simple linear regression analysis of
the effect of Costs of implementation on Project Management Outcomes in design and consultancy

engineering projects.

Table (26) Test of Costs of implementation effect on Project Management Outcomes in design and

consultancy engineering projects

Sum of Mean

df Squares Square ®)  (R2)

Regression 1 512.65 512.65

Residual | 101 | 6374.13 | 63.11 | 0-273 | 0.074 | 47.92 | 1.28 | 8.123 | 0.005% | 2.850 | 0.005*
Total 102 | 6886.78
a. Dependent Variable: Project Management Outcomes

b. Predictors: (Constant), Costs of implementation
*A function at the level of significance less than (0.05).

Table (26) presents the results of the simple linear regression analysis used to examine the effect
of Costs of Implementation on Project Management Outcomes in design and consultancy
engineering projects.

The results indicate that the correlation coefficient (R) equals (0.273), reflecting a relatively weak
positive relationship between the costs of implementation and project management outcomes. The
coefficient of determination (R = 0.074) shows that 7.4% of the variation in project management
outcomes can be explained by the costs of implementation, while the remaining variance is
attributed to other factors not included in the model.

The F-test result (F = 8.123, Sig = 0.005) confirms that the regression model is statistically
significant at the 0.05 level, indicating that the costs of implementation have a meaningful overall
effect on project management outcomes.

Furthermore, the t-test result (t = 2.850, Sig = 0.005) reveals a positive and statistically significant
relationship between costs of implementation and project management outcomes. The
unstandardized regression coefficient (B: = 1.28) indicates that for every one-unit increase in
implementation costs, project management outcomes improve by approximately (1.28) units.

These findings suggest that the costs associated with implementing Al technologies represent a
significant factor influencing project management performance in design and consultancy
engineering projects. Although higher implementation costs may initially represent a financial
challenge, they are often associated with enhanced technological infrastructure and improved
project efficiency in the long term.

Hence, the results support the sub-hypothesis (H1C), which states that:

“Costs of Al implementation have a statistically significant effect on project management
outcomes in design and consultancy engineering projects.”
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H1D: The compatibility of AI tools with existing infrastructure significantly influences
project outcomes in design and consultancy engineering projects.

To test the main study Hypothesis H1D, the researcher used simple linear regression analysis of
the effect of Compatibility with existing infrastructure on Project Management Outcomes in design

and consultancy engineering projects.

Table (27) Test of Compatibility with existing infrastructure effect on Project Management Outcomes in

design and consultancy engineering projects

Sum of Mean

df Squares  Square R) | (R2) B B1

Regression 1 1474.57 1474.57

Residual | 101 | 541221 | 53.59 | 0463 | 0.214 | 37.15 | 2.75 | 27.518 | 0.000* | 5.246 | 0.000*
Total 102 | 6886.78
a. Dependent Variable: Project Management Outcomes
b. Predictors: (Constant), Compatibility with existing infrastructure
*A function at the level of significance less than (0.05).

Table (27) presents the results of the simple linear regression analysis conducted to examine the
effect of Compatibility with Existing Infrastructure on Project Management Outcomes in design
and consultancy engineering projects.

The results show that the correlation coefficient (R) equals (0.463), indicating a moderate to strong
positive relationship between compatibility with existing infrastructure and project management
outcomes. The coefficient of determination (R* = 0.214) reveals that 21.4% of the variance in
project management outcomes can be explained by this variable, while the remaining variance is
due to other factors not included in the model.

The F-test result (F = 27.518, Sig = 0.000) demonstrates that the regression model is statistically
significant at a level below (0.05), suggesting that compatibility with existing infrastructure has a
meaningful overall effect on project management outcomes.

Furthermore, the t-test result (t = 5.246, Sig = 0.000) indicates a positive and statistically
significant effect of compatibility with existing infrastructure on project management outcomes.
The unstandardized regression coefficient (B: = 2.75) implies that for every one-unit increase in
compatibility, project management outcomes improve by approximately (2.75) units.

Accordingly, these findings suggest that compatibility with existing infrastructure is a key enabler
of successful project management in design and consultancy engineering projects. It facilitates the
integration of Al-based systems, enhances operational efficiency, and reduces organizational
resistance to technological change.

Therefore, the results support the sub-hypothesis (H1D) which states that:
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“Compatibility with existing infrastructure has a statistically significant effect on project
management outcomes in design and consultancy engineering projects.”

H1E: The Workforce development significantly influences project outcomes in design and
consultancy engineering projects.

To test the main study Hypothesis HIE, the researcher used simple linear regression analysis of
the effect of Workforce Development on Project Management Outcomes in design and consultancy

engineering projects.

Table (28) Test of Workforce Development effect on Project Management Outcomes in design and

consultancy engineering projects

Sum of Mean

Model — df o 00 Square ® (®R) B B

Regression 1 1679.40 1679.40

Residual 101 5207.38 51.56 0.494 | 0.244 | 35.38 | 2.91 | 32.573 | 0.000* | 5.707 | 0.000*
Total 102 6886.78
a. Dependent Variable: Project Management Qutcomes

b. Predictors: (Constant), Workforce Development
*A function at the level of significance less than (0.05).

Table (28) presents the results of the simple linear regression analysis conducted to examine the
effect of Workforce Development on Project Management Outcomes in design and consultancy
engineering projects.

The results indicate that the correlation coefficient (R) equals (0.494), suggesting a relatively
strong positive relationship between workforce development and project management outcomes.
The coefficient of determination (R*> = 0.244) shows that 24.4% of the variance in project
management outcomes can be explained by workforce development, while the remaining variance
is attributed to other variables not included in the model.

The F-test result (F = 32.573, Sig = 0.000) confirms that the regression model is statistically
significant at a level below (0.05), indicating that workforce development has a meaningful overall
impact on project management outcomes.

Furthermore, the t-test result (t = 5.707, Sig = 0.000) reveals a positive and statistically significant
effect of workforce development on project management outcomes. The unstandardized regression
coefficient (B1 =2.91) indicates that for every one-unit increase in workforce development, project
management outcomes improve by approximately (2.91) units.

These findings suggest that workforce development plays a vital role in enhancing project
management performance in design and consultancy engineering projects. Improving employees’
technical, analytical, and managerial skills contributes to greater efficiency, accuracy, and overall
project success.
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Therefore, the results support the sub-hypothesis (H1E), which states that:

“Workforce development has a statistically significant effect on project management outcomes in
design and consultancy engineering projects.”

H1F: Ethical considerations significantly influence project outcomes in design and
consultancy engineering projects.

To test the main study Hypothesis HIF, the researcher used simple linear regression analysis of
the effect of Ethical Consideration on Project Management Outcomes in design and consultancy

engineering projects.

Table (29) Test of Ethical Consideration effect on Project Management Outcomes in design and

consultancy engineering projects

Sum of Mean

Model  df oo Square ® () B B

Regression 1 680.52 680.52

Residual | 101 | 6206.26 | 6145 | 0-314 | 0.099 | 41.95 | 1.97 | 11.075 | 0.001* | 3.328 | 0.001*
Total 102 6886.78
a. Dependent Variable: Project Management Outcomes
b. Predictors: (Constant), Ethical Consideration
*A function at the level of significance less than (0.05).

Table (29) presents the results of the simple linear regression analysis examining the effect of
Ethical Considerations on Project Management Outcomes in design and consultancy engineering
projects.

The results show that the correlation coefficient (R = 0.314) indicates a moderate positive
relationship between ethical considerations and project management outcomes. The coefficient of
determination (R? = 0.099) reveals that 9.9% of the variance in project management outcomes can
be explained by ethical considerations, while the remaining variance is attributed to other
unexamined factors.

The F-test result (F = 11.075, Sig = 0.001) is statistically significant at the level of (p < 0.05),
indicating that the regression model as a whole is significant and that ethical considerations have
a meaningful impact on project management outcomes.

Similarly, the t-test result (t = 3.328, Sig = 0.001) confirms the significance of this relationship,
showing that ethical considerations exert a positive and statistically significant influence on project
management outcomes. The unstandardized regression coefficient (B:1 = 1.97) implies that for
every one-unit increase in ethical considerations, project management outcomes are expected to
increase by approximately 1.97 units.
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Accordingly, it can be concluded that adherence to ethical standards plays a vital role in enhancing
project management effectiveness within design and consultancy engineering projects, as it
promotes trust, transparency, and accountability within project teams.

These findings support the sub-hypothesis (H1F), which states that:

“Ethical considerations have a statistically significant effect on project management outcomes in
design and consultancy engineering projects.”

H2 Impact of Independent Variables on Mediating Variable “Al-Based Project
Management”.

H2: The factors influencing project management significantly influence the utilization of
Al-based project management practices in design and consultancy engineering projects.

To test the main study Hypothesis H2, the researcher used simple linear regression analysis of the
effect of factors influencing project management on Al-based project management practices in

design and consultancy engineering projects.

Table (30) Test of factors influencing project management effect on Al-based project management

practices in design and consultancy engineering projects.

Sum of Mean

df Squares | Square ®) | (R2) b b1

Regression 1 1255.10 1255.10

Residual | 101 | 3731.02 | 36.94 | 0-502 | 0.252 | 15.54 | 0.54 | 33.976 | 0.000* | 5.829 | 0.000*
Total 102 | 4986.12
a. Dependent Variable: Al-based project management practices
b. Predictors: (Constant), factors influencing project management
*A function at the level of significance less than (0.05).

Table (30) presents the results of the simple linear regression analysis examining the effect of
factors influencing project management on Al-based project management practices in design and
consultancy engineering projects.

The results show that the correlation coefficient (R = 0.502) indicates a moderate positive
relationship between the factors influencing project management and the utilization of Al-based
project management practices. Moreover, the coefficient of determination (R* = 0.252) reveals that
approximately 25.2% of the variance in Al-based project management practices can be explained
by the factors influencing project management, while the remaining variance is attributed to other
factors not included in the model.

The results of the F-test (F = 33.976, Sig = 0.000) indicate a statistically significant model at a
significance level less than (0.05), confirming that the overall regression model is significant and
that the influencing factors have a meaningful impact on Al-based project management practices.
Furthermore, the t-test result (t = 5.829, Sig = 0.000) confirms a statistically significant positive
effect, as indicated by the unstandardized coefficient (B: = 0.54). This implies that for every one-
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unit increase in the factors influencing project management, the level of Al-based project
management practices increases by 0.54 units.

Accordingly, it can be concluded that enhancing organizational, administrative, and technical
factors influencing project management effectively contributes to the greater utilization of Al-based
project management practices within design and consultancy engineering organizations.

These results support the main hypothesis (H2), which states that:

“The factors influencing project management significantly influence the utilization of Al-based
project management practices in design and consultancy engineering projects.”

To test the main study Hypothesis H2, the researcher used Multiple linear regression analysis of

the effect of factors influencing project management on Al-based project management practices
in design and consultancy engineering projects.
Table (31) Test of factors influencing project management effect on Al-based project management

practices in design and consultancy engineering projects.

Coefficient ?

Unstandardized Standardized

Coefficients Coefficients
B Std. Beta
Error
(Constant) 33.514 3.480 9.631 | 0.000
! Data Privacy and Security | 0.895 0.457 0.191 1.957 | 0.053 3.832 . P56 3.66%
(Constant) 27.992 3.821 7.327 | 0.000
2 | Data Privacy and Security | 0.100 0.513 0.021 0.195 | 0.846 | 6.580 | 0.002* 11.3 3.66%
Resistance to Change 1.482 0.493 0.330 3.004 | 0.003 7.97%
(Constant) 26.787 3.900 6.868 | 0.000
Data Privacy and Security | 0.085 0.511 0.018 0.167 | 0.868 3.66%
3 Resistance to Change 0.964 0.617 0.214 1.564 | 0.121 | 5.072 | 0.003* 13.32 7.97%
Cost of Al 0.695 | 0.500 0.175 1.390 | 0.168 1.69%
Implementation
(Constant) 20.199 3.811 5.300 | 0.000
Data Privacy and Security | -0.596 0.487 -0.127 -1.226 | 0.223 3.66%
Resistance to Change 0.469 0.570 0.104 0.822 | 0413 7.97%
%
4 Cost of Al 0271 | 0.463 0.068 0586 | 0.559 | 10107 | 0.000% 1 2920y (o0
Implementation
Compatibility with 2.508 | 0.535 0.497 4.689 | 0.000 15.88%
Existing Infrastructure
(Constant) 16.542 3.882 4.262 | 0.000
Data Privacy and Security | -0.550 0.469 -0.118 -1.173 | 0.244 3.66%
Resistance to Change 0.202 0.557 0.045 0.362 | 0.718 7.97%
5 Cost of Al 0.182 | 0.447 0.046 0.406 | 0.685 | 10.403 | 0.000% | 3491 | 1.69%
Implementation
Compatibility with 1.696 | 0.586 0.336 2.895 | 0.005 15.88%
Existing Infrastructure
Workforce Development 1.582 0.543 0.316 2914 | 0.004 5.70%
(Constant) 15.406 4.328 3.560 | 0.001
Data Privacy and Security | -0.605 0.479 -0.129 -1.262 | 0.210 3.66%
6 Resistance to Change 0.249 0.564 0.055 0.441 | 0.660 | 8.672 | 0.000* 35.15 7.97%
Costof Al 0.178 | 0.449 0.045 0.397 | 0.693 1.69%
Implementation
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15.88%

Compaibility with 1575 | 0.621 0.312 2534 | 0.013
Existing Infrastructure

Workforce Development 1.521 0.554 0.304 2.748 | 0.007

Ethical Considerations 0.323 0.536 0.061 0.602 | 0.549

5.70%

0.24%

a. Dependent Variable: Al-based project management practices

*A function at the level of significance less than (0.05).

The table (31) presents the results of the Multiple linear regression analysis conducted to examine
the impact of factors influencing project management on the utilization of Al-based project
management practices in design and consultancy engineering projects.

The first model, which included only the variable Data Privacy and Security, explains 3.66% of
the variance in Al-based project management practices, with an insignificant relationship (Sig =
0.053). This indicates that data privacy and security alone do not have a statistically significant
influence on Al utilization in project management.

In the second model, after adding Resistance to Change, the explanatory power increased to 11.3%,
and this variable showed a significant positive effect (3 =0.330, Sig=0.003). This result highlights
the importance of overcoming organizational resistance to facilitate the utilization of Al-based
management tools.

The fourth model revealed a notable improvement in explanatory power (R* = 29.21%) after
including Compatibility with Existing Infrastructure, which had the strongest and most significant
impact (B = 0.497, Sig = 0.000). This finding emphasizes that the technological readiness and
compatibility of existing infrastructure are crucial for effective Al integration within engineering
project management.

Furthermore, the fifth model showed that adding Workforce Development increased the
explanatory power to 34.91%, with a significant influence (f = 0.316, Sig = 0.004). This implies
that employee training and skill enhancement play a key role in supporting the implementation of
Al-based practices.

In the final model, although Ethical Considerations were included, the most influential predictors
remained Compatibility with Existing Infrastructure and Workforce Development, both
maintaining statistical significance (Sig = 0.013 and 0.007, respectively). Other factors, including
data privacy, resistance to change, cost of implementation, and ethics, showed no significant direct
effect.

Overall, these results confirm that technological compatibility and workforce development are the
primary drivers of Al-based project management utilization, while other factors act as secondary
or supporting influences.

These findings support the main Hypothesis H2, which states that:

“The factors influencing project management significantly influence the utilization of Al-based

project management practices in design and consultancy projects.”
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H2A: Data privacy and security significantly influence the utilization of Al-based project
management practices in design and consultancy projects.

To test the main study Hypothesis H2A, the researcher used simple linear regression analysis of
the effect of Data privacy and security on Al-based project management practices in design and

consultancy projects.

Table (32) Test of Data privacy and security effect on Al-based project management practices in design
and consultancy projects.
Sum of | Mean

Squares | Square
Regression 1 182.25 182.25

R) (R2) B Bl

Residual 101 | 4803.67 47.56 0.191 | 0.037 | 33.51 | 0.90 | 3.832 0.053 | 1.957 | 0.053

Total 102 | 4986.12

a. Dependent Variable: Al-Based Project Management

b. Predictors: (Constant), Data privacy and security

*A function at the level of significance less than (0.05).

The table (32) presents the results of a simple linear regression analysis examining the effect of
data privacy and security on Al-based project management practices in design and consultancy
engineering projects.

The findings indicate a weak positive relationship between the two variables, as shown by the
correlation coefficient (R = 0.191). The coefficient of determination (R? = 0.037) reveals that data
privacy and security explain only about 3.7% of the variance in Al-based project management
practices.

Moreover, the regression analysis shows that the effect is not statistically significant, with F =
3.832 and Sig = 0.053, which is slightly above the 0.05 significance threshold. Similarly, the t-test
value (t=1.957, Sig = 0.053) confirms that the influence of data privacy and security on Al-based
project management practices is statistically insignificant.

Therefore, it can be concluded that data privacy and security do not have a direct or significant
impact on the utilization of Al-based project management practices in design and consultancy
engineering projects. This may be due to the fact that such organizations already maintain
acceptable standards of data protection, making this factor less critical in influencing Al utilization
levels.

H2B: Resistance to change significantly influences the utilization of Al-based project
management practices in design and consultancy projects.
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To test the main study Hypothesis H2B, the researcher used simple linear regression analysis of
the effect of Resistance to change on Al-based project management practices in design and

consultancy projects.

Table (33) Test of Resistance to change effect on Al-based project management practices in design and

consultancy projects.

Sum of Mean

df Squares = Square R) | (R2) B B1

Regression 1 578.19 578.19

Residual | 101 | 4407.93 | 43.64 | 0.341 | 0.116 | 28.36 | 1.53 | 13.248 | 0.000* | 3.640 | 0.000*
Total 102 | 4986.12
a. Dependent Variable: Al-Based Project Management

b. Predictors: (Constant), Resistance to change
*A function at the level of significance less than (0.05).

The table (33) presents the results of a simple linear regression analysis examining the effect of
resistance to change on Al-based project management practices in design and consultancy
engineering projects.

The findings indicate a moderate positive relationship between the two variables, with a correlation
coefficient of R = 0.341, suggesting that higher levels of resistance to change are associated with
lower levels of utilization of Al-based management practices. The coefficient of determination (R?
= (0.116) shows that resistance to change explains approximately 11.6% of the variance in Al-
based project management practices.

The results also demonstrate a highly significant statistical effect, as evidenced by F = 13.248 (Sig
=0.000) and t = 3.640 (Sig = 0.000), confirming the meaningful influence of resistance to change
on Al utilization.

These findings imply that resistance to change constitutes a major barrier to the successful
implementation of Al-based project management practices, as organizational or individual
reluctance to embrace innovation limits the integration of intelligent systems into project
workflows.

Therefore, overcoming resistance to change is considered a critical prerequisite for achieving

effective Al-driven transformation in project management within design and consultancy
engineering environments.

H2C: Costs of implementation significantly influence the utilization of Al-based project
management practices in design and consultancy projects.
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To test the main study Hypothesis H2C, the researcher used simple linear regression analysis of
the effect of Costs of implementation on Al-based project management practices in design and

consultancy projects.

Table (34) Test of Costs of implementation effect on Al-based project management practices in design

and consultancy projects.

Sum of Mean

df Squares = Square R) | (R2) B B1

Regression 1 525.15 525.15

Residual | 101 | 4460.67 | 44.17 | 0.325 | 0.105 | 30.32 | 1.29 | 11.890 | 0.001* | 3.448 | 0.001*
Total 102 | 4986.12
a. Dependent Variable: Al-Based Project Management

b. Predictors: (Constant), Costs of implementation
*A function at the level of significance less than (0.05).

The results (34) displayed in the table reveal the findings of a simple linear regression analysis
examining the effect of costs of implementation on Al-based project management practices in
design and consultancy projects.

The analysis shows a moderate positive relationship between the two variables, as indicated by the
correlation coefficient (R = 0.325), suggesting that implementation costs have a measurable
influence on the utilization of Al-driven management practices. The coefficient of determination
(R?=0.105) indicates that approximately 10.5% of the variance in Al-based project management
practices can be explained by implementation costs.

Furthermore, the model demonstrates a statistically significant effect, with F = 11.890 (Sig =
0.001) and t = 3.448 (Sig = 0.001), confirming that implementation costs exert a significant
influence on Al-based project management utilization.

These findings imply that high implementation costs may act as a financial constraint, limiting the
ability of design and consultancy firms to effectively integrate Al technologies into their project
management processes. Therefore, reducing or optimizing implementation costs is essential to
facilitate broader utilization of Al-based project management systems within the engineering
sector.

H2D: Compatibility with existing infrastructure significantly influences the utilization of Al-
based project management practices in design and consultancy projects.

To test the main study Hypothesis H2D, the researcher used simple linear regression analysis of
the effect of Compatibility with existing infrastructure on Al-based project management practices

in design and consultancy projects.
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Table (35) Test of Compatibility with existing infrastructure effect on Al-based project management

practices in design and consultancy projects.

Sum of = Mean
Squares Square ®) | R2) .

Regressmn 1 | 1352.63 1352.63

Residual | 101 | 363349 | 3598 | 0.521 | 0.271 | 20.54 | 2.63 | 37.599 | 0.000% | 6.132 | 0.000*
Total 102 4986.12
a. Dependent Variable: Al-Based Project Management
b. Predictors: (Constant), Compatibility with existing infrastructure
*A function at the level of significance less than (0.05).

The results presented in the table (35) illustrate the effect of compatibility with existing
infrastructure on Al-based project management practices in design and consultancy projects.

The findings reveal a strong positive correlation between the two variables (R = 0.521), indicating
that compatibility plays a substantial role in facilitating the integration of Al systems within project
management frameworks. The coefficient of determination (R?=0.271) shows that approximately
27.1% of the variance in Al-based project management practices can be explained by the degree
of infrastructure compatibility.

Moreover, the regression model demonstrates high statistical significance, as evidenced by F =
37.599 (Sig = 0.000) and t = 6.132 (Sig = 0.000), confirming that compatibility with existing
infrastructure has a significant and positive impact on the utilization of Al-based project
management.

These findings suggest that organizations with well-developed and adaptable infrastructures are
more capable of integrating Al tools effectively, thereby enhancing project efficiency, data flow,
and decision-making accuracy. Hence, improving infrastructure readiness is a critical prerequisite
for maximizing the benefits of Al-driven project management practices in the engineering
consultancy sector.

H2E: The workforce development significantly influences the utilization of Al-based project
management practices in design and consultancy projects.

To test the main study Hypothesis H2E, the researcher used simple linear regression analysis of
the effect of Workforce Development on Al-based project management practices in design and

consultancy projects.

Table (36) Test of Workforce Development effect on Al-based project management practices in design

and consultancy projects.
Model df | R | R2) B | BI1 F test T test |
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Sum of Mean

Squares Square
Regression 1 1384.50 1384.50

Residual 101 3601.61 35.66 0.527 | 0.278 | 19.95 | 2.64 | 38.826 | 0.000*% | 6.231 | 0.000*
Total 102 | 4986.12
a. Dependent Variable: Al-Based Project Management

b. Predictors: (Constant), Workforce Development
*A function at the level of significance less than (0.05).

The results in the table (36) demonstrate a strong positive relationship between workforce
development and Al-based project management practices in design and consultancy engineering
projects. The correlation coefficient (R = 0.527) indicates a substantial association between the
two variables, while the coefficient of determination (R* = 0.278) reveals that 27.8% of the
variance in Al-based project management practices can be explained by workforce development.

The regression model is statistically significant, as reflected by the values F = 38.826 (Sig = 0.000)
and t=6.231 (Sig = 0.000), confirming that workforce development has a significant and positive
impact on the implementation of Al-based project management.

These results emphasize the critical role of workforce training, skills enhancement, and technical
readiness in facilitating the utilization and effective utilization of Al technologies. Consequently,
investing in human capital and continuous professional development emerges as a strategic
necessity for improving Al integration and achieving successful project outcomes in engineering
consultancy contexts.

H2F: Ethical considerations significantly influence the utilization of Al-based project
management practices in design and consultancy projects.

To test the main study Hypothesis H2F, the researcher used simple linear regression analysis of
the effect of Ethical Consideration on Al-based project management practices in design and

consultancy projects.

Table (37) Test of Ethical Consideration effect on Al-based project management practices in design and

consultancy projects.

Sum of Mean

df Squares = Square R) | (R2) B B1

Regression 1 558.61 558.61

Residual | 101 | 442751 | 43.84 | 0335 | 0.112 | 25.95 | 1.79 | 12.743 | 0.001* | 3.570 | 0.001*
Total 102 4986.12
a. Dependent Variable: Al-Based Project Management
b. Predictors: (Constant), Ethical Consideration
*A function at the level of significance less than (0.05).
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The results in the table (37) indicate a positive and statistically significant relationship between
ethical considerations and Al-based project management practices in design and consultancy
engineering projects. The correlation coefficient (R = 0.335) suggests a moderate association,
while the coefficient of determination (R? = 0.112) shows that 11.2% of the variation in Al-based
project management practices can be explained by ethical considerations.

The regression model is significant, as evidenced by the values F = 12.743 (Sig = 0.001) and t =
3.570 (Sig = 0.001), confirming that ethical considerations exert a notable positive influence on
the effectiveness of Al-based project management.

These findings underscore the importance of integrating ethical principles, such as transparency,
fairness, and data integrity, into Al applications within project management. Adhering to ethical
standards not only enhances stakeholder trust but also promotes responsible Al utilization,
ensuring that technological advancement aligns with professional and societal values.

H3 Impact of Mediating Variable “Al-Based Project Management” on Project Outcomes.

H3: The utilization of Al-based project management practices significantly influences
project outcomes in design and consultancy engineering projects.

To test the main study Hypothesis H3, the researcher used simple linear regression analysis of the
effect of Al-based project management practices on Project Management Outcomes in design and

consultancy engineering projects.

Table (38) Test of Al-based project management practices effect on Project Management Outcomes in

design and consultancy engineering projects

Sum of Mean

Model df & vares Square ® (®) B B

Regression 1 4133.07 | 4133.07

Residual | 101 | 2753.70 | 2726 | 0775 | 0.600 | 21.08 | 0.91 | 151.592 | 0.000% | 12.312 | 0.000*
Total 102 | 6886.78
a. Dependent Variable: Project Management Outcomes

b. Predictors: (Constant), Al-based project management practices
*A function at the level of significance less than (0.05).

The results presented in the table (38) demonstrate a strong and statistically significant relationship
between Al-based project management practices and project management outcomes in design and
consultancy engineering projects. The correlation coefficient (R = 0.775) indicates a high positive
correlation, while the coefficient of determination (R? = 0.600) reveals that 60% of the variance in
project management outcomes can be attributed to the effective implementation of Al-based
project management practices.
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The regression model is highly significant, as evidenced by F = 151.592 (Sig = 0.000) and t =
12.312 (Sig = 0.000), confirming the substantial predictive power of Al-based project management
on enhancing project performance outcomes.

These findings highlight that the integration of artificial intelligence tools and techniques in project
management processes contributes significantly to improving efficiency, decision-making
accuracy, risk mitigation, and overall project success. Consequently, organizations that effectively
adopt Al-driven management systems are more likely to achieve superior performance outcomes
compared to those relying on traditional methods.

To test the main study Hypothesis H3, the researcher used Multiple linear regression analysis of
the effect of Al-based project management practices on Project Management Outcomes in design

and consultancy engineering projects.

Table (39) Test of Al-based project management practices effect on Project Management Outcomes in

design and consultancy engineering projects

Coefficient ?
aardad ed % aardad e0

(Constant) 30.068 3.894 7.721 | 0.000
Streamline processes
e.g., scheduling, 3.434 0.477 0.582 7.192 | 0.000 S1.728 |y 0.0 Ji 3FBT% 33.87%
documentation
(Constant) 29.609 3.518 8.417 | 0.000
Streamline processes
e.g., scheduling, 1.062 0.649 0.180 1.637 | 0.105 | 43.660 | 0.000*% | 46.62% | 33.87%
documentation
Resource allocation 2.476 0.507 0.538 4.886 | 0.000 12.75%
(Constant) 27.011 3.494 7.730 | 0.000
Streamline processes
(:ig., scheduli.ng, 0.910 0.627 0.154 1.452 | 0.150 34.427 | 0.000% | 51.06% 33.87%
ocumentation
Resource allocation 1.314 0.623 0.285 2.110 | 0.037 12.75%
Tasks Prioritizing 1.625 0.542 0.344 2.998 | 0.003 4.44%
(Constant) 23.731 3.436 6.907 | 0.000
Streamline processes
e.g., scheduling, 0.327 0.616 0.055 0.532 | 0.596 33.87%
documentation 31.928 | 0.000* | 56.58%
Resource allocation 1.003 0.596 0.218 1.682 | 0.096 12.75%
Tasks Prioritizing 1.173 0.529 0.249 2.219 | 0.029 4.44%
Progress reporting 1.714 0.485 0.333 3.531 | 0.001 5.52%
(Constant) 20.923 3.286 6.368 | 0.000 | 32.410 | 0.000* | 62.56%
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Streamline processes
e.g., scheduling, 0.385 0.575 0.065 0.669 | 0.505 33.87%
documentation
Resource allocation 0.287 0.586 0.062 0.490 | 0.625 12.75%
Tasks Prioritizing 1.155 0.494 0.245 2.339 | 0.021 4.44%
Progress reporting 0.725 0.518 0.141 1.399 | 0.165 5.52%
Communication 2.005 0.510 0.396 3.934 | 0.000 5.97%

a. Dependent Variable: Project Management Outcomes
*A function at the level of significance less than (0.05).

The results in the table (39) reveal that Al-based project management practices collectively exert
a strong and significant influence on project management outcomes within design and consultancy
engineering projects. The sequential regression models demonstrate a progressive improvement in
explanatory power, as the coefficient of determination (R?) increased from 33.87% in Model 1 to
62.56% in Model 5, indicating that the inclusion of additional Al-related practices substantially
enhances the model’s predictive capability.

Among the predictors, Communication (f = 0.396, t = 3.934, Sig = 0.000), Progress Reporting (j3
=0.333,t=3.531, Sig=0.001), and Tasks Prioritizing ( = 0.245, t=2.339, Sig=0.021) emerged
as the most influential factors significantly influencing project management outcomes. These
findings suggest that effective communication channels, systematic reporting mechanisms, and
prioritization of project tasks play a pivotal role in enhancing project efficiency, coordination, and
decision-making.

Conversely, variables such as streamlining processes and resource allocation did not show
significant effects in the final model, indicating that while they contribute conceptually, their
impact may be indirect or mediated through other Al-driven mechanisms.

Overall, the final model confirms that the integration of Al-based tools—particularly those
enhancing communication, reporting, and prioritization—substantially improves project
management performance, leading to more efficient, transparent, and data-informed project
outcomes.

H3A: The utilization of Al-based project management practices significantly improves
decision-making in design and consultancy projects.

To test the main study Hypothesis H3A, the researcher used simple linear regression analysis of
the effect of Al-based project management practices on Decision-Making in design and

consultancy projects.

Table (40) Test of Al-based project management practices effect on Decision-Making in design and

consultancy projects.
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Sum of Mean

Model df Squares Square (R) (129) B
Regression 1 137.37 137.37
Residual 101 130.59 1.29 0.716 | 0.513 | 1.35 | 0.17 | 106.242 | 0.000* | 10.307 | 0.000*
Total 102 267.96

a. Dependent Variable: Decision-Making

b. Predictors: (Constant), Al-Based Project Management

*A function at the level of significance less than (0.05).

The results of the table (40) indicate that Al-based project management practices have a strong
and statistically significant effect on decision-making in design and consultancy engineering
projects. The correlation coefficient (R = 0.716) and the coefficient of determination (R*=0.513)
reveal that approximately 51.3% of the variance in decision-making effectiveness can be explained
by the implementation of Al-based project management practices.

Furthermore, both the F-test (106.242) and T-test (10.307) values are statistically significant at a
level less than (0.05), confirming the model’s explanatory power and the existence of a genuine
relationship between the studied variables.

These findings suggest that the integration of Al-based project management practices effectively
enhances managerial decision-making quality by enabling more accurate data analysis, improving
risk forecasting, and optimizing resource allocation — all of which contribute to better overall
project performance.

To test the main study Hypothesis H3A, the researcher used Multiple linear regression analysis
of the effect of Al-based project management practices on decision-making in design and
consultancy projects.

Table (41) Test of Al-based project management practices effect on decision-making in design and
consultancy projects.

Coefficient ?
aardad ed a aarda eQ

(Constant) 2497 0.762 3.274 | 0.001
Streamline processes
e.g., scheduling, 0.687 0.093 0.590 7.350 | 0.000 54.024 1 0.000% 1 34.85% 34.85%
documentation
(Constant) 2.445 0.742 3.297 | 0.001
Streamline processes
e.g., scheduling, 0.419 0.137 0.360 3.062 | 0.003 | 32.012 | 0.000* | 39.03% | 34.85%
documentation
Resource allocation 0.280 0.107 0.308 2.620 | 0.010 4.18%
(Constant) 1.982 0.746 2.656 | 0.009 | 24.549 | 0.000* | 42.66%
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Streamline processes
e.g., scheduling, 0.392 0.134 0.337 2.928 | 0.004 34.85%
documentation

Resource allocation 0.073 0.133 0.080 0.548 | 0.585 4.18%
Tasks Prioritizing 0.290 0.116 0.311 2,501 | 0.014 3.62%

(Constant) 1.195 0.721 1.657 | 0.101
Streamline processes
e.g., scheduling, 0.252 0.129 0.217 1.950 | 0.054 34.85%
documentation 25.316 | 0.000% | 50.82%

Resource allocation -0.002 0.125 -0.002 -0.014 | 0.989 4.18%
Tasks Prioritizing 0.181 0.111 0.195 1.632 | 0.106 3.62%
Progress reporting 0.411 0.102 0.404 4.033 | 0.000 8.16%

(Constant) 0.727 0.710 1.025 | 0.308
Streamline processes
e.g., scheduling, 0.262 0.124 0.225 2.107 | 0.038 34.85%
documentation

Resource allocation | -0.121 | _0.127 20133 20957 | 0341 | 23793 | 0.000% | 55.09% g
Tasks Prioritizing 0.178 0.107 0.191 1.670 | 0.098 3.62%
Progress reporting 0.246 0.112 0.242 2.198 | 0.030 8.16%

Communication 0.334 0.110 0.335 3.036 | 0.003 4.27%

a. Dependent Variable: Decision-Making
*A function at the level of significance less than (0.05).

The results of the regression analysis demonstrate that Al-based project management practices exert a
positive and statistically significant impact on decision-making within design and consultancy projects. The
model shows a progressive improvement in explanatory power, reaching an R? value of 55.09%, indicating
that more than half of the variation in decision-making efficiency can be explained by Al-related practices.
Among the examined predictors, streamlining processes (f = 0.225, p = 0.038), progress reporting (f =
0.242, p = 0.030), and communication (B = 0.335, p = 0.003) emerged as the most influential factors
contributing to enhanced decision-making. These findings underscore the role of Al tools in improving
process automation, promoting transparency through accurate progress tracking, and strengthening
coordination among stakeholders, which collectively lead to more informed and timely project decisions.

H3B: The utilization of Al-based project management practices significantly improves
project quality in design and consultancy projects.

To test the main study Hypothesis H3B, the researcher used simple linear regression analysis of
the effect of Al-based project management practices on Project Quality in design and consultancy

projects.

Table (42) Test of Al-based project management practices effect on Project Quality in design and

consultancy projects.

Sum of Mean

df Squares Square R®) | (R2) B

Regression 1 114.59 114.59
Residual 101 136.92 1.36 0.675 | 0.456 | 2.06 | 0.15 | 84.529 | 0.000* | 9.194 | 0.000%
Total 102 251.52
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a. Dependent Variable: Project Quality

b. Predictors: (Constant), Al-Based Project Management

*A function at the level of significance less than (0.05).

The results indicate that Al-based project management practices have a positive and statistically
significant effect on project quality in design and consultancy projects. The correlation coefficient
(R =0.675) and the coefficient of determination (R* = 0.456) suggest that approximately 45.6% of
the variance in project quality can be explained by the implementation of Al-based project
management practices.

The regression model is highly significant, as indicated by F = 84.529 (Sig = 0.000) and t = 9.194
(Sig = 0.000), confirming the strength of the relationship between Al-based project management
and project quality.

These findings highlight the pivotal role of Al in enhancing operational efficiency, monitoring
performance, and ensuring adherence to engineering and quality standards, ultimately contributing
to more accurate, reliable, and effective project outcomes.

To test the main study Hypothesis H3B, the researcher used Multiple linear regression analysis
of the effect of Al-based project management practices on project quality in design and
consultancy projects.

Table (43) Test of Al-based project management practices effect on project quality in design and
consultancy projects.

Coefficient ?
gard ed A gard o0

(Constant) 3.508 0.786 4.465 | 0.000
Streamline processes
e.g., scheduling, 0.578 0.096 0.513 6.002 | 0.000 36.025 | 0.000% | 26.29% 26.29%
documentation
(Constant) 3.435 0.741 4.634 | 0.000
Streamline processes
e.g., scheduling, 0.201 0.137 0.179 1.472 | 0.144 | 27.045 | 0.000* | 35.10% | 26.29%
documentation
Resource allocation 0.393 0.107 0.447 3.685 0.000 8.81%
(Constant) 3.148 0.760 4.141 | 0.000
Streamline processes
e.g., scheduli’ng, 0.184 0.136 0.164 1.353 | 0.179 19.043 | 0.000% | 36.59% 26.29%
documentation
Resource allocation 0.265 0.136 0.301 1.955 0.053 8.81%
Tasks Prioritizing 0.180 0.118 0.199 1.524 | 0.131 1.49%
(Constant) 2.343 0.734 3.190 | 0.002 | 20.617 | 0.000* | 45.70%
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Streamline processes
e.g., scheduling, 0.042 0.132 0.037 0315 | 0.753 26.29%
documentation
Resource allocation 0.189 0.127 0.214 1.480 | 0.142 8.81%
Tasks Prioritizing 0.069 0.113 0.076 0.609 | 0.544 1.49%
Progress reporting 0.420 0.104 0.427 4.054 | 0.000 9.11%
(Constant) 2.005 0.740 2.712 | 0.008
Streamline processes
e.g., scheduling, 0.048 0.129 0.043 0.374 | 0.709 26.29%
documentation
Resource allocation | 0.103 | _0.132 0.116 0.778 | 0.439 | 17952 | 0.000% | 48.06% 5510,
Tasks Prioritizing 0.067 0.111 0.074 0.600 | 0.550 1.49%
Progress reporting 0.302 0.117 0.306 2.586 | 0.011 9.11%
Communication 0.241 0.115 0.249 2.101 | 0.038 2.36%

a. Dependent Variable: Project Quality
*A function at the level of significance less than (0.05).

The regression analysis demonstrates that Al-based project management practices have a positive and statistically
significant effect on project quality in design and consultancy projects. The model shows a progressive increase in
explanatory power, with the final model explaining 48.06% of the variance in project quality (R* = 0.4806).
Among the specific practices, progress reporting (f = 0.306, p = 0.011) and communication (f = 0.249, p = 0.038)
emerged as the most significant predictors of project quality, indicating that timely reporting and effective
stakeholder communication are critical in achieving higher quality outcomes. Resource allocation also showed a
notable contribution in earlier models, highlighting the importance of efficiently distributing resources to enhance
project performance.
These results underline the pivotal role of Al in optimizing project workflows, monitoring progress, and facilitating
effective communication, all of which contribute to improved quality, reliability, and overall project success.

H3C: The utilization of Al-based project management practices significantly improves data
collection accuracy in design and consultancy projects.

To test the main study Hypothesis H3C, the researcher used simple linear regression analysis of

the effect of Al-based project management practices on Data Collection Accuracy in design and

consultancy projects.

Table (44) Test of Al-based project management practices effect on Data Collection Accuracy in design

and consultancy projects.

(R)

(R2)

B

Sum of Mean
df
Squares Square
Regression 1 69.11 69.11
Residual 101 146.31 1.45
Total 102 215.42

0.566

a. Dependent Variable: Data Collection Accuracy

b. Predictors: (Constant), Al-Based Project Management

*A function at the level of significance less than (0.05).
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The results indicate that Al-based project management practices have a positive and statistically
significant impact on data collection accuracy in design and consultancy projects. The correlation
coefficient (R = 0.566) and the coefficient of determination (R*> = 0.321) suggest that
approximately 32.1% of the variance in data collection accuracy can be explained by the
application of Al-based project management practices.

The regression model is highly significant, as indicated by F = 47.706 (Sig = 0.000) and t = 6.907
(Sig = 0.000), confirming the strength and reliability of the relationship between Al-based project
management and improved data accuracy.

These findings highlight the role of Al in enhancing precision during data collection, reducing
human errors, and enabling more reliable and accurate information gathering, which are essential
for effective project monitoring and decision-making.

To test the main study Hypothesis H3C, the researcher used Multiple linear regression analysis
of the effect of Al-based project management practices on data collection accuracy in design and
consultancy projects.

Table (45) Test of Al-based project management practices effect on data collection accuracy in design
and consultancy projects.

Coefficient ?
aard ed % aardad e0

(Constant) 5.074 0.780 6.508 | 0.000
Streamline processes
e.g., scheduling, 0.407 0.096 0.390 4.262 | 0.000 18:165..),.0.000% i 15.24% 15.24%
documentation
(Constant) 5.016 0.753 6.662 | 0.000
Streamline processes
e.g., scheduling, 0.106 0.139 0.102 0.765 | 0.446 | 13.948 | 0.000* | 21.81% | 15.24%
documentation
Resource allocation 0.314 0.108 0.386 2.898 | 0.005 6.57%
(Constant) 4.721 0.772 6.116 | 0.000
Streamline processes
(:ig., scheduli.ng, 0.089 0.138 0.085 0.643 | 0.522 10221 | 0.000% | 23.65% 15.24%
ocumentation
Resource allocation 0.182 0.138 0.224 1.324 | 0.188 6.57%
Tasks Prioritizing 0.185 0.120 0.221 1.543 | 0.126 1.84%
(Constant) 3.759 0.721 5.212 | 0.000
Streamline processes
e.g., scheduling, -0.082 0.129 -0.078 -0.633 | 0.528 15.24%
documentation 15.557 | 0.000* | 38.84%
Resource allocation 0.091 0.125 0.112 0.727 | 0.469 6.57%
Tasks Prioritizing 0.052 0.111 0.063 0.471 | 0.638 1.84%
Progress reporting 0.503 0.102 0.552 4.933 | 0.000 15.19%
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(Constant) 3.644 0.741 4.919 | 0.000
Streamline processes
e.g., scheduling, -0.079 0.130 -0.076 -0.613 | 0.541 15.24%
documentation
Resource allocation 0.062 0.132 0.076 0.467 | 0.641 12485 | 0.000% | 39.16% 6.57%
Tasks Prioritizing 0.052 0.111 0.062 0.463 | 0.644 1.84%
Progress reporting 0.462 0.117 0.507 3.956 | 0.000 15.19%
Communication 0.082 0.115 0.092 0.714 | 0477 0.32%

a. Dependent Variable: Data Collection Accuracy
*A function at the level of significance less than (0.05).

The hierarchical regression analysis demonstrates that Al-based project management practices
significantly enhance data collection accuracy in design and consultancy projects. The final model
explains 39.16% of the variance in data collection accuracy (R*=0.3916), indicating a substantial impact
of Al-enabled project management on improving the reliability of collected data.

Among the specific Al-based practices, progress reporting emerged as the most significant predictor (j3
= 0.507, p = 0.000), highlighting the role of systematic monitoring and timely reporting in ensuring
accurate data collection. While other practices such as resource allocation and communication showed
smaller or non-significant effects in the final model, they contributed to the overall explanatory power in
earlier steps.

These results underscore the importance of Al-based tools in streamlining project workflows, enhancing
monitoring, and reducing human error, thereby supporting more accurate and reliable data collection,
which is critical for informed decision-making and project performance.

H3D: The utilization of Al-based project management practices significantly improves data
analysis and insight generation in design and consultancy projects.

To test the main study Hypothesis H3D, the researcher used simple linear regression analysis of
the effect of Al-based project management practices on Data Analysis and insight generation in

design and consultancy projects.

Table (46) Test of Al-based project management practices effect on Data Analysis and insight generation

in design and consultancy projects.

Sum of Mean

i Squares  Square ®) | (R2) B
Regression 1 46.72 46.72
Residual 101 144.33 1.43 0.495 | 0.245 | 4.53 | 0.10 | 32.694 | 0.000* | 5.718 | 0.000*
Total 102 191.05

a. Dependent Variable: Data Analysis and insight generation
b. Predictors: (Constant), Al-Based Project Management
*A function at the level of significance less than (0.05).

The results indicate that Al-based project management practices have a positive and statistically
significant effect on data analysis and insight generation in design and consultancy projects. The
correlation coefficient (R = 0.495) and coefficient of determination (R* = 0.245) suggest that

91




approximately 24.5% of the variance in data analysis and insight generation can be explained by
the application of Al-based project management practices.

The regression model is highly significant, as indicated by F = 32.694 (Sig = 0.000) and t = 5.718
(Sig = 0.000), confirming the reliability and strength of the relationship between Al-based project
management and improved analytical outcomes.

These findings highlight the crucial role of Al in enhancing the processing and interpretation of
project data, enabling more accurate insights, and supporting evidence-based decision-making in
design and consultancy projects.

To test the main study Hypothesis H3D, the researcher used Multiple linear regression analysis
of the effect of Al-based project management practices on data analysis and insight generation in
design and consultancy projects.

Table (47) Test of Al-based project management practices effect on data analysis and insight generation
in design and consultancy projects.

Coefficient ?
aarda e0 a aarda e0

(Constant) 5.316 0.734 7.247 | 0.000
Streamline processes
e.g., scheduling, 0.386 0.090 0.393 4.290 | 0.000 13406 | 0.080* | 15.41% 15.41%
documentation
(Constant) 5.275 0.721 7.315 | 0.000
Streamline processes
e.g., scheduling, 0.172 0.133 0.175 1.295 | 0.198 | 11.834 | 0.000* | 19.14% | 15.41%
documentation
Resource allocation 0.223 0.104 0.291 2.146 | 0.034 3.72%
(Constant) 4.817 0.725 6.646 | 0.000
Streamline processes
e.g., scheduli'ng, 0.145 0.130 0.148 1.119 | 0.266 10483 | 0.000% | 24.11% 15.41%
documentation
Resource allocation 0.018 0.129 0.024 0.141 0.888 3.72%
Tasks Prioritizing 0.286 0.112 0.364 2.546 | 0.012 4.97%
(Constant) 4.645 0.754 6.162 | 0.000
Streamline processes
e.g., scheduling, 0.115 0.135 0.117 0.851 | 0.397 15.41%
documentation 8.017 0.000% | 24.65%
Resource allocation 0.002 0.131 0.002 0.015 | 0.988 3.72%
Tasks Prioritizing 0.263 0.116 0.334 2.263 | 0.026 4.97%
Progress reporting 0.090 0.106 0.105 0.843 | 0.401 0.55%
(Constant) 4.378 0.766 5.714 | 0.000
Streamline processes
e.g., scheduling, 0.120 0.134 0.123 0.898 | 0.371 7029 | 0.000% | 26.60% 15.41%
documentation
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Resource allocation -0.066 0.137 -0.086 -0.484 | 0.629 3.72%
Tasks Prioritizing 0.261 0.115 0.332 2.266 | 0.026 4.97%

Progress reporting -0.004 0.121 -0.005 -0.034 | 0.973 0.55%
Communication 0.190 0.119 0.226 1.602 0.112 1.94%

a. Dependent Variable: Data Analysis and insight generation
*A function at the level of significance less than (0.05).

The results indicate that Al-based project management practices have a positive and statistically significant
impact on data analysis and insight generation in design and consultancy projects. The final regression
model shows that approximately 26.6% of the variance in data analysis and insight generation (R? = 0.266)
is explained by the implementation of Al-based project management practices, highlighting their
substantial role in enhancing analytical quality.

Among the practices, Tasks Prioritizing emerged as the most influential factor (f = 0.332-0.364, p <0.05)
in improving the team’s ability to extract accurate insights from project data. Other practices, such as
Resource Allocation, Communication, and Progress Reporting, showed varying effects, some of which
were not statistically significant in the final model, though they contributed partially to the model’s
explanatory power.

These findings emphasize the critical role of Al in enhancing data organization, supporting evidence-based
decision-making, and improving analytical efficiency in design and consultancy projects.

H3E: The utilization of AI-based project management practices significantly improves risk
identification and mitigation in design and consultancy projects.

To test the main study Hypothesis H3E, the researcher used simple linear regression analysis of
the effect of Al-based project management practices on Risk Identification Accuracy in design and

consultancy projects.

Table (48) Test of Al-based project management practices effect on Risk Identification Accuracy in design

and consultancy projects.

Mean

Sum of

- Squares Square ®) | (R2) B
Regression 1 113.89 113.89
Residual 101 134.50 133 0.677 | 0.459 | 2.20 | 0.15 | 85.521 | 0.000* | 9.248 | 0.000*
Total 102 248.39

a. Dependent Variable: Risk Identification Accuracy

b. Predictors: (Constant), Al-Based Project Management

*A function at the level of significance less than (0.05).

The results demonstrate that Al-based project management practices have a significant positive
impact on risk identification accuracy in design and consultancy projects. The model indicates that
approximately 45.9% of the variance in risk identification accuracy (R? = 0.459) can be explained
by the utilization of Al-based practices, highlighting their substantial contribution to improving
project risk management processes.
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The high F-value (F = 85.521, p <0.001) and significant t-value (t =9.248, p <0.001) confirm the
robustness of the model, indicating that Al-based project management practices effectively
enhance the precision and reliability of risk identification, enabling project teams to anticipate,
evaluate, and mitigate potential risks more efficiently.

This underscores the critical role of Al tools in strengthening risk management capabilities,
supporting proactive decision-making, and improving overall project performance.

To test the main study Hypothesis H3E, the researcher used Multiple linear regression analysis
of the effect of Al-based project management practices on risk identification and mitigation in
design and consultancy projects.

Table (49) Test of Al-based project management practices effect on risk identification and mitigation in
design and consultancy projects.

Coefficient ?
aard ed a aarda eQ

(Constant) 3.765 0.787 4.781 | 0.000
Streamline processes
e.g., scheduling, 0.561 0.097 0.500 5.807 | 0.000 3§72y 008y 2303% 25.03%
documentation
(Constant) 3.679 0.722 5.096 | 0.000
Streamline processes
e.g., scheduling, 0.112 0.133 0.100 0.842 | 0.402 | 30.224 | 0.000* | 37.67% | 25.03%
documentation
Resource allocation 0.468 0.104 0.535 4.504 | 0.000 12.64%
(Constant) 3.182 0.721 4.411 | 0.000
Streamline processes
iig., scheduli.ng, 0.083 0.129 0.074 0.641 | 0.523 24.065 | 0.000% | 42.17% 25.03%
ocumentation
Resource allocation 0.246 0.129 0.282 1.915 | 0.058 12.64%
Tasks Prioritizing 0.311 0.112 0.346 2.775 | 0.007 4.50%
(Constant) 2.742 0.735 3.731 | 0.000
Streamline processes
e.g., scheduling, 0.005 0.132 0.004 0.036 | 0.971 25.03%
documentation 19.988 | 0.000*% | 44.93%
Resource allocation 0.205 0.128 0.234 1.604 | 0.112 12.64%
Tasks Prioritizing 0.250 0.113 0.279 2.209 | 0.030 4.50%
Progress reporting 0.230 0.104 0.235 2215 | 0.029 2.76%
(Constant) 2.413 0.741 3.256 | 0.002
Streamline processes
e.g., scheduling, 0.012 0.130 0.010 0.089 | 0.929 25.03%
documentation 17.345 | 0.000% | 47.20%
Resource allocation 0.121 0.132 0.138 0913 | 0.363 12.64%
Tasks Prioritizing 0.248 0.111 0.276 2.225 | 0.028 4.50%
Progress reporting 0.114 0.117 0.117 0.976 | 0.331 2.76%
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Communication | 0235 | 0115 | 0.245 | 2.045 | 0.044 | | 2.28% |

a. Dependent Variable: Risk Identification Accuracy
*A function at the level of significance less than (0.05).

The results of the table indicate that Al-based project management practices have a positive and
statistically significant effect on risk identification and mitigation in design and consultancy projects.
The model shows that approximately 47.2% of the variance in risk identification and mitigation
effectiveness can be explained by the utilization of these practices (R? = 0.472), highlighting their
critical role in enhancing project risk management.

Additionally, the high F-value (F =17.345, p <0.001) and significant t-values for the model components
confirm that scheduling, resource allocation, task prioritization, progress reporting, and communication
play key roles in improving the accuracy of risk identification and the effectiveness of mitigation
measures.

Overall, the findings suggest that leveraging Al tools strengthens project teams’ ability to anticipate
risks and take proactive actions, thereby reducing the likelihood of issues and improving project quality
and operational efficiency.

H3F: The utilization of Al-based project management practices significantly reduces time
spent by project managers on routine tasks in design and consultancy projects.

To test the main study Hypothesis H3F, the researcher used simple linear regression analysis of
the effect of Al-based project management practices on reduces time spent by Project Managers

in design and consultancy projects.

Table (50) Test of Al-based project management practices effect on reduces time spent by Project

Managers in design and consultancy projects.

Sum of Mean

- Squares Square ®) | (R2) B
Regression 1 38.14 38.14
Residual 101 119.61 1.18 0.492 | 0.242 | 498 | 0.09 | 32.209 | 0.000* | 5.675 | 0.000*
Total 102 157.75

a. Dependent Variable: reduces time spent by Project Managers
b. Predictors: (Constant), Al-Based Project Management
*A function at the level of significance less than (0.05).

The results indicate that Al-based project management practices have a significant and positive
impact on reducing the time spent by project managers in design and consultancy projects. The
model explains approximately 24.2% of the variance in time efficiency (R* = 0.242),
demonstrating that adopting Al tools contributes meaningfully to optimizing project management
processes.

The high F-value (F = 32.209, p < 0.001) confirms the overall model significance, while the

significant t-value (t = 5.675, p < 0.001) indicates that Al-based practices, such as streamlining
scheduling, documentation, and resource allocation, effectively reduce managerial workload.
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These findings suggest that implementing Al tools enhances operational efficiency, allowing
project managers to allocate their time more strategically to critical tasks, thereby improving
project performance and productivity.

To test the main study Hypothesis H3F, the researcher used Multiple linear regression analysis
of the effect of Al-based project management practices on reduces time spent by Project Managers

in design and consultancy projects.

Table (51) Test of Al-based project management practices effect on reduces time spent by Project

Managers in design and consultancy projects.

Coefficient ?
gard ed A gard o0

(Constant) 6.016 0.680 8.844 | 0.000
Streamline processes
e.g., scheduling, 0.308 0.083 0.345 3.699 | 0.000 13.682 | 0.000* || 1TE3% 11.93%
documentation
(Constant) 5.957 0.647 9.204 | 0.000
Streamline processes
e.g., scheduling, 0.004 0.119 0.004 0.034 | 0.973 | 13.371 | 0.000% | 21.10% | 11.93%
documentation
Resource allocation 0.318 0.093 0.456 3.409 | 0.001 9.17%
(Constant) 5.633 0.659 8.554 | 0.000
Streamline processes
e.g., scheduli‘ng, -0.015 0.118 -0.017 -0.127 | 0.899 10.483 | 0.000% | 24.11% 11.93%
documentation
Resource allocation 0.173 0.117 0.248 1.475 0.143 9.17%
Tasks Prioritizing 0.202 0.102 0.283 1.981 | 0.050 3.01%
(Constant) 5.697 0.687 8.291 | 0.000
Streamline processes
e.g., scheduling, -0.004 0.123 -0.004 -0.030 | 0.976 11.93%
documentation 7.821 0.000* | 24.20%
Resource allocation 0.179 0.119 0.257 1.503 | 0.136 9.17%
Tasks Prioritizing 0.211 0.106 0.295 1.996 | 0.049 3.01%
Progress reporting -0.033 0.097 -0.043 -0.342 | 0.733 0.09%
(Constant) 5.179 0.665 7.790 | 0.000
Streamline processes
e.g., scheduling, 0.007 0.116 0.008 0.059 | 0.953 11.93%
documentation
Resource allocation | 0.047 | 0.118 0.068 0398 | 0.602 | 0584 | 00007 1 33.07% o170,
Tasks Prioritizing 0.208 0.100 0.291 2.079 | 0.040 3.01%
Progress reporting -0.216 0.105 -0.276 -2.056 | 0.042 0.09%
Communication 0.370 0.103 0.483 3.585 | 0.001 8.87%

a. Dependent Variable: reduces time spent by Project Managers
*A function at the level of significance less than (0.05).
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The results indicate that Al-based project management practices significantly influence the reduction of
time spent by project managers in design and consultancy projects. The regression analysis shows a
progressive increase in the explanatory power of the model across steps, with the final model accounting
for approximately 33.07% of the variance in time efficiency (R* = 0.3307).

From the coefficients analysis:

Streamlining processes (e.g., scheduling, documentation) initially shows a significant positive effect ( =
0.345, p <0.001), highlighting its role in improving time efficiency. However, its impact diminishes in the
later models when combined with other variables.

Resource allocation shows a strong positive effect in early models (f = 0.456, p = 0.001), indicating that
optimizing resource assignment is a key factor in reducing managerial time.

Tasks prioritizing and communication emerge as significant contributors in the final model (f = 0.291, p
=0.040; B = 0.483, p = 0.001), suggesting that focusing on critical tasks and enhancing communication
further improves time efficiency.

Progress reporting shows a negative coefficient in the final model ( = -0.276, p = 0.042), which may
indicate that extensive reporting, if not optimized, could slightly offset time-saving benefits.

Overall, the findings demonstrate that a comprehensive utilization of Al-based practices, combining
process automation, effective resource allocation, task prioritization, and communication, significantly
reduces the time spent by project managers, thus enhancing overall project efficiency and productivity.

H3G: The utilization of Al-based project management practices significantly improves
communication among stakeholders in design and consultancy projects.

To test the main study Hypothesis H3G, the researcher used simple linear regression analysis of
the effect of Al-based project management practices on communication among stakeholders in
design and consultancy projects.

Table (52) Test of Al-based project management practices effect on communication among stakeholders
in design and consultancy projects.

Sum of Mean

f R R2 B

d Squares Square ®)  (R2)
Regression 1 97.37 97.37
Residual 101 148.48 1.47 0.629 | 0.369 | 2.34 | 0.14 | 66.236 | 0.000* | 8.139 | 0.000*
Total 102 245.85

a. Dependent Variable: communication among stakeholders

b. Predictors: (Constant), Al-Based Project Management

*A function at the level of significance less than (0.05).

The results demonstrate that Al-based project management practices have a significant positive
effect on communication among stakeholders in design and consultancy projects. The regression
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model shows that the predictor variable explains approximately 36.9% of the variance in
stakeholder communication (R? = 0.369), indicating a substantial influence.

The high F-value (F = 66.236, p < 0.001) confirms the overall significance of the model, while the
t-test for the predictor (t=8.139, p <0.001) further emphasizes that Al-based practices are a strong
and statistically significant factor in enhancing communication.

These findings suggest that the implementation of Al-based project management tools and
practices—such as automated scheduling, progress tracking, and centralized information
sharing—can streamline interactions, improve clarity, and facilitate timely information exchange
among stakeholders, thereby promoting collaboration and reducing misunderstandings in project
execution.

To test the main study Hypothesis H3G, the researcher used Multiple linear regression analysis
of the effect of Al-based project management practices on communication among stakeholders in
design and consultancy projects.

Table (53) Test of Al-based project management practices effect on communication among stakeholders
in design and consultancy projects.

Coefficient ?
aardad ed % aard e0

(Constant) 3.892 0.806 4.828 | 0.000
Streamline processes
e.g., scheduling, 0.506 0.099 0.454 5123 | 0.000 26242 | 0.080* | 20.62% 20.62%
documentation
(Constant) 3.803 0.739 5.146 | 0.000
Streamline processes
e.g., scheduling, 0.047 0.136 0.042 0.346 | 0.730 | 25.760 | 0.000% | 34.00% | 20.62%
documentation
Resource allocation 0.479 0.106 0.551 4.502 | 0.000 13.38%
(Constant) 3.528 0.759 4.651 | 0.000
Streamline processes
e.g., scheduli’ng, 0.031 0.136 0.028 0.228 | 0.820 18.079 | 0.000% | 35.39% 20.62%
documentation
Resource allocation 0.356 0.135 0.410 2.636 | 0.010 13.38%
Tasks Prioritizing 0.172 0.118 0.193 1.461 | 0.147 1.39%
(Constant) 3.350 0.789 4.245 | 0.000
Streamline processes
e.g., scheduling, -0.001 0.141 -0.001 -0.004 | 0.997 20.62%
documentation 13.693 | 0.000* | 35.85%
Resource allocation 0.339 0.137 0.390 2.479 | 0.015 13.38%
Tasks Prioritizing 0.147 0.121 0.165 1.213 | 0.228 1.39%
Progress reporting 0.093 0.111 0.096 0.837 | 0.405 0.46%
(Constant) 2.576 0.728 3.540 | 0.001
Streamline processes
e.g., scheduling, 0.015 0.127 0.014 0.119 | 0.905 | 18.312 | 0.000% | 48.56% | 20.62%
documentation
Resource allocation 0.142 0.130 0.163 1.096 | 0.276 13.38%
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Tasks Prioritizing 0.142 0.109 0.159 1.300 | 0.197
Progress reporting -0.179 0.115 -0.184 -1.562 | 0.122
Communication 0.553 0.113 0.578 4.894 | 0.000

1.39%

0.46%

12.70%

a. Dependent Variable: communication among stakeholders
*A function at the level of significance less than (0.05).

The results of the regression analysis indicate that Al-based project management practices significantly
influence communication among stakeholders in design and consultancy projects. The final model (Model

5) explains approximately 48.56% of the variance in stakeholder communication (R?
highlighting a strong overall effect.

0.4856),

Among the components of Al-based practices, communication tools demonstrate the strongest and most
statistically significant impact (B = 0.553, B = 0.578, t = 4.894, p < 0.001), indicating that the use of Al-
driven communication mechanisms substantially improves information exchange among project
stakeholders. Other factors, such as resource allocation, progress reporting, and task prioritization,

contribute to a lesser extent and are mostly not statistically significant in the final model.

4.7 Structural Equation Modeling (SEM): Mediation Analysis

Mediation Effect of AI on Project Management Outcomes

H3H: The utilization of Al-based project management mediates the relationship between

influencing factors and project outcomes in design and consultancy projects.

Initial SEM Model Results
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Figure (8 ): Structural Equation Model — Initial Model
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Table (54 ): Results of the Initial Structural Equation Model with Standardized Path Coefficients

Variables Estimate S.E. ‘ C.R.
AlBased.Project.Management <--- Factors.Influencing.Alutilization .867 174 4.979 ok
Project.ManagementOutcomes <--- Factors.Influencing.Alutilization .180 .164 1.096 273
Project.ManagementOutcomes <--- AlBased.Project.Management 941 .149 6.320 Hokk
EthicalConsiderations <---  Factors.Influencing.Alutilization 1.000
WorkforceDevelopment <--- Factors.Influencing.Alutilization 1.339 .202 6.636 ok
:Z:mpat|b|||tyW|thEX|st|ngInfrastructu <--- Factors.Influencing.Alutilization 1.475 .205 7.207 Hokx
CostofAllmplementation <---  Factors.Influencing.Alutilization 1.403 .249 5.625 rkx
ResistancetoChange <---  Factors.Influencing.Alutilization 1.367 222 6.150 ok
DataPrivacyandSecurity <---  Factors.Influencing.Alutilization 1.000
DecisionMaking <--- Project.ManagementOutcomes 1.000
ProjectQuality <--- Project.ManagementOutcomes .980 .104 9.446 ok
DataCollectionAccuracy <--- Project.ManagementOutcomes 728 .103 7.093 Hkx
EnhancingDataAnalysis <--- Project.ManagementOutcomes .689 .097 7.131 ok
RiskldentificationAccuracy <--- Project.ManagementOutcomes .909 .106 8.602 ok x
SavingTimeforProjectManagers <--- Project.ManagementOutcomes .682 .086 7.943 ok x
EffectiveCommunication <--- Project.ManagementOutcomes .962 .103 9.355 Hkx
LSJtr:feanT;ltri\Oerp:rocessesegscheduImgdoc <--- AlBased.Project.Management 1.000
Resourceallocation <--- AlBased.Project.Management 1.456 .145 10.028 ok
TasksPrioritizing <--- AlBased.Project.Management 1.315 .145 9.086 ok k
Progressreporting <--- AlBased.Project.Management 1.167 134 8.727 ok
Communication <--- AlBased.Project.Management 1.211 .136 8.938 ok
CMIN (308.816) NFI(0.768)
CMIN/DF(2.322) AGFI(0.680)
GFI(0.751) CFI(0.851)
RMSEA(0.114)

Table (54) presents the results of the Initial Structural Equation Model (SEM) with standardized path
coefficients. The findings demonstrate that the model exhibits several significant relationships among
the studied constructs. Specifically, the path from Factors Influencing Al Utilization to AI-Based Project
Management is statistically significant (Estimate = 0.867, C.R. = 4.979, p < 0.001), indicating that the
influencing factors strongly contribute to the utilization and utilization of Al-based project management
practices.

In contrast, the direct relationship between Factors Influencing Al Utilization and Project Management
Outcomes is statistically insignificant (Estimate = 0.180, C.R. = 1.096, p = 0.273), suggesting that the
effect of influencing factors on project outcomes may occur indirectly through Al-based project
management practices rather than directly. Meanwhile, the path from Al-Based Project Management to
Project Management Outcomes is highly significant (Estimate = 0.941, C.R. = 6.320, p < 0.001),
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confirming the mediating role of Al utilization in enhancing project outcomes within design and
consultancy projects.

Regarding the measurement model, all factor loadings for the observed variables under their respective
latent constructs are statistically significant (p < 0.001), reflecting good convergent validity. However,
model fit indices indicate a moderate fit with the data: CMIN/DF = 2.322, GFI1=0.751, AGFI = 0.680,
CFI = 0.851, NFI = 0.768, and RMSEA = 0.114. Although some indices fall below the recommended
thresholds (e.g., GFI > 0.90, RMSEA < 0.08), the model can be considered acceptable for an initial
specification.

Overall, these results suggest that Al-based project management plays a significant mediating role
in linking influencing factors to project management outcomes, highlighting the importance of Al

integration in improving efficiency, decision-making, and communication within design and consultancy
environments.

Modified SEM Model Results
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Table (55): Results of the Modified Structural Equation Model with Standardized Path Coefficients

VELELIES ‘ Estimate S.E. C.R.
AlBased.Project.Management <---  Factors.Influencing.Alutilization 889 175  5.079  kx*
Project.ManagementOutcomes <---  Factors.Influencing.Alutilization 125 1167 748 455
Project.ManagementOutcomes <--- AlBased.Project.Management 1.036 .154 6.716 oAk
EthicalConsiderations <---  Factors.Influencing.Alutilization 1.000
WorkforceDevelopment <---  Factors.Influencing.Alutilization 1.348 202  6.663  ***
CompatbilityWihEXISungInfiast —_ Factors Influencing.Alutilization 1531 210 7281 ke
CostofAllmplementation <---  Factors.Influencing.Alutilization 1.226  .248 4947  ***
ResistancetoChange <---  Factors.Influencing.Alutilization 1.185 .198  5.994 oAk
DataPrivacyandSecurity <---  Factors.Influencing.Alutilization 1.000
DecisionMaking <---  Project.ManagementOutcomes 1.000
ProjectQuality <---  Project.ManagementOutcomes 939  .098  9.545 oAk
DataCollectionAccuracy <---  Project.ManagementOutcomes J10 0 .099  7.202 oAk
EnhancingDataAnalysis <---  Project.ManagementOutcomes 643 093 6915 okck
RisklIdentificationAccuracy <---  Project.ManagementOutcomes .890 101  8.849  kx*
SavingTimeforProjectManagers <--- Project.ManagementOutcomes 583 083 7.018 oAk
EffectiveCommunication <---  Project.ManagementOutcomes 898  .098  9.146 oAk
Streamlineprocessesegscheduling <--- AlBased.Project. Management 1.000
documentation
Resourceallocation <--- AlBased.Project.Management 1.445 .146  9.878 oAk
TasksPrioritizing <---  AlBased.Project. Management 1.309 .146 8996  ***
Progressreporting <--- AlBased.Project.Management 1.189  .134  8.894  ***
Communication <---  AlBased.Project. Management 1.220  .136  8.976 oAk
CMIN (224.128) NFI1(0.832)
CMIN/DF(1.779) AGFI(0.750)
GFI1(0.816) CFI(0.917)
RMSEA(0.087)

Table (55) presents the results of the Modified Structural Equation Model (SEM) with standardized
path coefficients after model refinement. The results demonstrate an overall improvement in model fit
and statistical significance compared to the initial model.

The path from Factors Influencing Al Utilization to Al-Based Project Management remains statistically
significant (Estimate = 0.889, C.R. = 5.079, p < 0.001), indicating a strong and positive effect of
influencing factors on the utilization of Al-based project management practices. However, the direct
relationship between Factors Influencing Al Utilization and Project Management Qutcomes remains
insignificant (Estimate = 0.125, C.R. = 0.748, p = 0.455), which reinforces the notion that these factors
influence project outcomes indirectly through Al utilization rather than directly.

In contrast, the path from Al-Based Project Management to Project Management Outcomes continues to
exhibit a highly significant and strong positive relationship (Estimate = 1.036, C.R. =6.716, p <0.001),
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confirming that the use of Al tools and systems in project management substantially enhances overall
project performance, including decision-making, communication, and efficiency.

All measurement indicators for the observed variables show significant loadings on their respective latent
constructs (p <0.001), suggesting strong convergent validity and reliability of the model. Moreover, the
revised model demonstrates a notable improvement in fit indices: CMIN/DF = 1.779, GFI = 0.816,
AGFI = 0.750, CFI = 0.917, NFI = 0.832, and RMSEA = 0.087. These values indicate a good and
acceptable fit compared to the initial model, particularly with CFI exceeding 0.90 and RMSEA below
0.10, which reflect a satisfactory model adjustment.

Overall, the modified model provides stronger empirical evidence that AI-based project management
acts as a full mediator between the influencing factors and project outcomes. This finding highlights
the critical role of Al integration in achieving better project performance in design and consultancy
sectors through improved data accuracy, process efficiency, and effective communication.

From the above, it is evident that the independent variable (Factors Influencing Al utilization) does
not have a direct effect on the dependent variable (Project Management Outcomes); however, there
are indirect effects through the mediating variable (AI-Based Project Management). Al-Based
Project Management mediates the relationship between influencing factors and project outcomes.
Approximately 84% of the effect of IVs on outcomes operates through Al-based PM utilization, while
only ~16% operates directly. Hypothesis H3 (Mediation) is STRONGLY SUPPORTED.

Qualitative Corroboration: Thematic analysis revealed that organizational factors (workforce
development, infrastructure compatibility) influenced Al utilization, which in turn improved
outcomes. One expert captured this pathway: "Our organization provides adequate training and
skill development to use Al-based project management tools effectively... which has enabled faster
design reviews through automated document analysis."

4.8 Qualitative Thematic Analysis

The presented qualitative analysis demonstrates a clear depth in exploring the factors influencing
Al utilization in project management within Saudi organizations, with a focus on independent
variables (IVs), mediating variables (MVs), and dependent variables (DVs). Several key academic
observations can be drawn:

The qualitative analysis demonstrates a clear integration of technical, organizational, and ethical
dimensions in Al utilization for project management.
Relying on evidence from interviews and representative quotes illustrates a methodical academic

approach, ensuring result validity and providing a comprehensive view of the dominant factors
in Al utilization.
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It can be concluded that successful Al utilization requires an integrated management approach,
combining training, technical compatibility, ethical governance, and financial planning, while
considering the local cultural and organizational context.

4.8.1 Independent Variables (Factors Influencing Al utilization) - 6 Themes

The results indicate that data privacy and security, ethical concerns, and resistance to change
are among the most prominent factors influencing Al utilization. It is evident that organizations
address these factors rigorously through the utilization of strict governance frameworks,
advanced encryption standards, and compliance with local regulations such as SDAIA and
SFDA, reflecting a deep understanding of the importance of security and regulatory compliance
in fostering digital trust.

Resistance to change emerges as a fundamental psychological and organizational factor, with
initial reluctance linked to unfamiliarity with Al tools and fears of job displacement. Internal
training sessions and hands-on workshops play a critical role in reducing this resistance.

Implementation cost and compatibility with existing infrastructure are crucial strategic and
technical considerations. Decisions to adopt Al are closely tied to expected ROI, system upgrades,
or integration with legacy systems, highlighting the need for long-term planning to manage
financial and technical resources effectively.

Workforce development and ethical considerations appear as essential requirements to ensure
sustainable and responsible Al use, through continuous training, enhanced analytical capabilities,

and ethical governance encompassing transparency and bias mitigation.

Table (56) Independent Variables (IVs) Thematic Summary Table
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Independent Variables (IVs) Thematic Summary Table

Frequency | Intervie
No. Theme (Cour_mt of w !Ds Recurring Representative Quote Summary Representative
Interviews with Phrases Quote
) Theme
1. Interview 1: Our primary concern has been
maintaining client confidentiality. We first tested
localized tools before using larger, cloud-based
systems. We set up strict access controls,
encrypted shared databases, and trained Strict data privacy and
employees on secure data handling procedures. security; through
Data Compliance with Saudi regUIQtionS is a encryption, access controls,
constantly moving target. compliance with SDAIA and
2. Interview 2: Privacy is definitely on everyone’s | international standards, and
radar. At first, people didn’t really know what the a culture of continuous
tools could do. We align all our tools with Saudi Vigilance_are universa”y
2B s R SDAIA data governance regulations — it's now recognized as essential for
, | Data Privacy 0 ata privacy, standard practice.

& Security

N A
=00 0N
© O w

“confidentiality”
, “regulations”

3. Interview 3: Data privacy isn’t a barrier anymore
but more like a necessary discipline for digital trust.
4. Interview 4: Data privacy is a big concern,
especially because we rely a lot on sharing files via
third-party apps that sometimes feel insecure.
Because of privacy worries, we’re careful about
which Al tools we allow, preferring well-known
vendors.

5. Interview 5: We follow strict compliance with
SDAIA and SFDA data policies.
6. Interview 6: Data privacy is always a concern,
especially with sensitive design data and client
information. Compliance with internal and national

data governance is non-negotiable. We

Al adoption in project
management across Saudi
organizations. Maintaining

client confidentiality,
protecting sensitive project

data, and rigorous
regulatory compliance are
foundational requirements
for digital transformation
and stakeholder trust
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implemented strict access controls, encrypted file
transfers, and cloud governance aligned with
SDAIA guidelines.
7. Interview 7: We enforce strict data governance
frameworks compliant with regional regulations,
ensuring encrypted data pipelines and access
controls. Privacy concerns drive our architecture;
we use federated learning approaches so data
remains local if needed.

8. Interview 8: Data privacy and compliance are
always a foundational concern, especially in cloud
deployments. Our recommendations emphasize
encrypted data flows and sovereign data hosting.
9. Interview 9: Privacy is a priority, so we use
encryption and anonymization wherever possible.
These concerns make tool selection rigorous,
mandating compliance checks.

10. Interview 10: We’re cautious about data
sharing, especially client confidential info. Privacy
concerns slow down some Al adoptions, but
security protocols help mitigate risks. We use
encryption and strict permissions.

Change
Resistance

10

~N A -

= 00 o N
© O w

“fear of Al”,
“staff hesitant”,
“‘pushback”

1. Interview 1: Yes, initially, several engineers
resisted Al-driven tools because they feared job
redundancy. The main reason was unfamiliarity

and lack of training—they didn’t understand how Al

complements, rather than replaces, their work. We

launched internal awareness sessions and hands-

on workshops where team members could practice

with Al features. Once they saw efficiency gains,
resistance dropped significantly.

2. Interview 2: Yeah, at first there was pushback,

especially from older engineers. Everyone started

Initial resistance to Al
adoption was common,

rooted in fears of job
redundancy, discomfort with
new technologies, and lack
of digital literacy, especially
among older staff. However,
targeted training, leadership

engagement, and

demonstrated efficiency

gains played a crucial role
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to come around once they saw real results.
Resistance is now significantly lower.

3. Interview 3: Resistance came mainly from senior
managers unfamiliar with digital tools. The
hesitation stemmed from mindset gaps.

4. Interview 4. Resistance is quite high, especially
among older staff accustomed to manual methods.
Fear that Al might replace jobs still exists.

5. Interview 5: Resistance appeared mainly from
traditional project managers unfamiliar with Al
dashboards.

6. Interview 6: Some resistance exists, mainly from
senior engineers used to conventional tools.

7. Interview 7: Resistance stems from lack of Al
literacy and concerns about transparency and job
displacement.

8. Interview 8: Resistance often stems from
organizational mindset rather than technology
gaps. Leadership workshops help build Al literacy.
9. Interview 9: Resistance emerged mostly from
mid-level engineers uncomfortable with rapid
changes.

10. Interview 10: Some staff showed natural
resistance initially due to unfamiliarity, but training
helped overcome skepticism.

in reducing skepticism and
encouraging acceptance
across project teams.

Cost of Al
Implementati
on

a1 =

o N
~ W

8,9

“‘budget
limitation”,
“ROI”, “high
cost”

1. Interview 1: Senior management hesitated to
invest in Al tools before seeing proven ROI. We
assess costs in relation to savings on man-hours
and operational efficiency improvements. A
feasibility study is conducted before adoption; we
only approve tools with tangible project-level
impact. Al budgets are part of our annual digital
transformation strategy, reviewed every quarter.

Investment in Al tools is
carefully weighed against
expected efficiency gains,
with senior management

prioritizing clear ROI,
operational impact, and
tangible deliverables.

Adoption typically advances
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2. Interview 2: For example, one simulation tool
basically cuts weekly planning hours in half. If ROI
isn’t evident within a few projects, we drop the tool.

3. Interview 3: Al initiatives are long-term
investments, not quick fixes. Cost evaluation
includes not only immediate profit but strategic
return.

4. Interview 5: Our concern mainly lies in ensuring
secure data storage and avoiding cross-border
data leaks. These concerns didn’t stop us; we
implemented encrypted data layers and internal

cloud storage.

5. Interview 6: Budget is a key limiting factor—All
investments compete with tangible project
deliverables. We justify adoption when there’s a
clear link to cost or schedule efficiency.

6. Interview 7: We use rigorous forecasting and risk
analysis for financial approvals, balancing
investment with long-term operational efficiencies.
7. Interview 8: We advise clients on total cost of
ownership, including infrastructure, licensing, and
human capital. Investment justification includes
long-term digital transformation benefits.

8. Interview 9: Budgeting includes detailed cost-
benefit forecasts. Investments are planned through
phased rollouts to manage costs.

only when cost-benefit
analyses, phased rollouts,
and strategic returns justify
both immediate and long-
term expenditures, making
financial prudence central to
digital transformation
decisions.

Compatibility
with Existing
Infrastructure

o=
on
A“N:b

(o]

©

“legacy

systems”,
“integration
was difficult”

1. Interview 1: Integration was difficult at first; our
legacy systems didn’t support APIs for Al tools.
Most challenges were related to data format
conversion and software interoperability. Upgraded
internal systems and migrated to cloud servers,
which delayed deployment but made the
environment ready for Al utilization.

Integration of Al tools faces
significant challenges due
to legacy systems that lack
API support, data format
incompatibilities, and siloed
architectures. Organizations
often undergo costly and

110




2. Interview 2: Learned early lessons; budgeting Al
is standard in yearly investments.
3. Interview 4: Some communication platforms
have Al features but are underutilized.

4. Interview 5: Compatibility issues mainly due to
secure data storage, cross-border data concerns
addressed by encryption and cloud controls.

5. Interview 6: Integration with legacy systems still
challenging; data formats misaligned. Upgraded
servers and cloud storage improved performance
but increased timelines and costs.

6. Interview 7: Legacy integration addressed with
APIs and cloud strategies; infrastructure
modernization aligned with Al roadmap.

7. Interview 8: Expected efficiency gains and risk
mitigations quantified, investment justified by ROI
and business impact.

8. Interview 9: Legacy system integration required
IT planning and network upgrades; ongoing
integration remains complex.

9. Interview 10: Legacy system issues handled with
middleware and cloud migration, causing extended
timelines but improved reliability and uptime.

time-extensive
infrastructure upgrades—
such as migrating to cloud
platforms, modernizing
servers, and adopting
middleware solutions—to
enable Al deployment.
Despite initial delays and
complexity, these efforts are
foundational for unlocking
Al's operational benefits
and ensuring scalable,
reliable digital
transformation.

Workforce
Development

10

=00 N

O o W

Nbh -

“training”, “skill

gaps”, “data
interpretation”

1. Interview 1: Not all employees were ready to
work with Al tools initially. Skill gaps mainly
involved data interpretation and understanding how
Al recommendations align with project objectives.
We conducted certified training sessions and
partnered with a technology institute for in-house
courses. The change was noticeable—staff now
trust predictive outcomes much more than before.
2. Interview 2: They felt like Al would replace their
roles initially. Hesitation came from fear and lack of

Workforce readiness is
crucial to successful Al
adoption. Initial skill gaps in
data interpretation, digital
literacy, and trust in Al
outputs often cause
resistance. Structured,
ongoing training
programs—including
workshops, bootcamps, and
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trust in algorithms. Internal workshops helped tailored learning paths—

alleviate concerns. significantly improve staff
3. Interview 3: When Al analytics were introduced, competency and
resistance appeared mainly from senior managers acceptance, enabling

unfamiliar with digital systems. The biggest gap personnel to leverage Al as
was analytical literacy and interpreting Al insights. | a supportive tool rather than
4. Interview 4: Training was critical. Practical a threat to job security.
workshops and management communication
improved team acceptance and skills.

5. Interview 5: Focus on continuous professional
development programs focused on Al tool
utilization and data science principles.

6. Interview 6: Skill gaps included data science
proficiency and interpreting algorithm outcomes.
Ongoing training is prioritized.

7. Interview 7: Tailored training programs and skill
assessments guide individualized learning paths
for staff.

8. Interview 8: Workshops include hands-on labs
and scenario analysis. Training effectiveness is
measured through KPIs.

9. Interview 9: Internal Al Bootcamps and practical
dashboards training increased Al competency.
10. Interview 10: Employee Al competency
noticeably improved, especially decision support
and reporting automation.

1. Interview 1. We set up strict access controls, Ethical and legal
1.2.3 “SDAIA encrypted shared databases, and trained accountability is
Ethical o) . » | d h l f ; lin Al i
) _ 45 6 compliance employees on secure data handling procedures. oundational in Al adoption,
Consideration 10 "o A “ - Dat li ith Saudi lati i iri trict li
7,8,9, | “accountability ata compliance with Saudi regulations is a requiring strict compliance
S 1 , “bias” constantly moving target. with Saudi SDAIA and
2. Interview 2: Al should always be a reference, not SFDA data governance
the final word. Vendors need to make their laws. Organizations
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algorithms more transparent. We align all our tools
with Saudi SDAIA data governance regulations —
now standard practice.

3. Interview 3: We handle valuable project and
client data, so compliance checks are mandatory.
Privacy concerns initially caused hesitation.

4. Interview 4: Accountability for Al errors falls on
project leads and managers. Bias is a concern due
to local nuances.

5. Interview 5: We actively comply with SDAIA and
SFDA data policies, including encrypted file
transfers and secure cloud governance.

6. Interview 6: Ethical accountability is integrated
with governance frameworks including fairness,
audit trails, and transparency.

7. Interview 7: Bias detection and mitigation are
part of model lifecycle. Human oversight is
mandatory.

8. Interview 8: Compliance with SDAIA and
international standards is rigorously maintained
throughout deployment.

9. Interview 9: Transparency initiatives involve
documenting Al logic and decision pathways in
audit logs for traceability.

10. Interview 10: We demand vendor transparency
about Al model training data and embed ethics in
Al governance.

emphasize transparency,
bias mitigation, human-in-
the-loop oversight, and
vendor accountability.
Embedding these ethical
principles throughout Al
development and
deployment fosters
regulatory compliance,
stakeholder trust, and
sustainable Al integration
aligned with national and
global standards.
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Figure (10): Frequency and Percentage of Independent Variables (IVs)

4.8.2 Mediating Variables (Al-Based Project Management) - 5 Themes
All five mediating variable themes were identified, representing dimensions of Al-based PM utilization:

The analysis shows that Al contributes to improving operational efficiency through process
automation, better resource allocation, task prioritization, as well as enhancing progress
tracking, reporting, and team communication.
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These findings highlight AI’s mediating role in transforming management strategies into data-
driven decisions, suggesting that the influence of independent variables on outcomes is often
indirect and relies on mediating factors such as operational efficiency and communication.

Table (57) Mediating Variables (MVs) Thematic Summary Table
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Mediating Variables (MVs) Thematic Summary Table

No. Theme Frequency Interv_lrehv;:nDes il R:I::;rsr;nsg Representative Quote
1. Interview 1: We use Al to
automate scheduling and report
generation. Previously, progress _
reports required two days of Al aytomatlon transforms
manual compilation; now they’'re | Project management by
ready in hours. Al helps significantly reducing the
standardize documentation and time spent on routine
reduces repetitive administrative scheduling and report
tasks. It has improved execution | 9eneration—from days to
efficiency overall, though hours or even mlnutes. It
adjustments during early standardizes
integration were challenging. documentation, cuts
2. Interview 2: It frees a lot of repetitive administrative
Streamlining “streamline’, | mental load. For instance, our Al tasks, and enhances
1 Process 10 1,2,3,4,5,6,7,8,9,10 autc_m_watlon ) scheduling assistant allocates workflo_w visibility through
“efficiency” resources automatically while real-time dashboards.

considering lead times. Project
tracking has become smoother
with less back-and-forth
communication.

3. Interview 3: Report generation
that used to take days now
happens in minutes through

automated systems. The
workflow visibility has improved
significantly — | can oversee
progress from my dashboard.
Efficiency and transparency
gains are substantial.

These efficiencies
decrease mental workload,
smooth project tracking,
reduce communication
overhead, and accelerate
decision-making, creating
substantial transparency
and productivity gains
despite early integration
challenges
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4. Interview 4: Some
communication platforms have
Al features, but we’re not fully

utilizing them.

5. Interview 5: Al automates
many administrative tasks,
improving accuracy and
throughput.

6. Interview 6: Automated report
generation and data aggregation
accelerate decision support.
7. Interview 7: Real-time
dashboards improve project
monitoring and help mitigate
delays.

8. Interview 8: Al-driven tools
pull together updates
automatically which saves effort.
9. Interview 9: Scheduling errors
have reduced due to automatic
reminders and task allocations.
10. Interview 10: Automated
workflows and report generation
created noticeable efficiency
improvements.

Resource
Allocation

1,2,3,4,6,7,8,9,10

“optimize staff”,
“data-driven”,
“allocation”

1. Interview 1: Al budgets are
part of our annual strategy. We
assess costs against savings in
operational efficiency and man-
hours. Resource allocation has
become data-driven and over-
allocation decreased by nearly

20%.

Al significantly enhances
resource allocation by
leveraging data-driven
forecasting, predictive
analytics, and real-time

adaptability. It helps
optimize manpower and
materials allocation, reduce
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2. Interview 2: Al identifies
resource clashes faster and
allocates resources
automatically considering lead
times. Resource planning is
more accurate, reducing delays.
3. Interview 3: Al helps ensure
proper resource utilization and
highlights idle assets and
manpower. Operations have
become leaner with better
manpower forecasting.

4. Interview 4: Some Al-powered
communication and resource
systems are available but
underutilized.

5. Interview 5: Al supports
optimal workload distribution and
forecasting manpower needs,
improving visibility across
disciplines.

6. Interview 6: Al optimizes
resource allocation by
considering historical data and
real-time inputs, improving
efficiency.

7. Interview 7: Using advanced
Al for predictive analytics and
risk simulations to enhance
resource deployment.

8. Interview 8: Resource
planning is increasingly data-
driven with Al forecasts
improving scheduling.

over-allocation by nearly
20%, detect resource
clashes faster, and match
tasks to the right skills—
resulting in leaner
operations, fewer delays,
and improved cross-
disciplinary visibility.
Continuous automation
and intelligent planning
empower managers to
make more accurate,
timely, and flexible
resource decisions.
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9. Interview 9: Al-based planning
optimizes manpower and
materials allocation, increasing
resource utilization and
accuracy.

Task
Prioritization

3,6,8,9

“prioritize”,
“reallocate”

1. Interview 3: Al scheduling
tools prioritize tasks better than
humans under pressure. The
system flagged conflicting
deadlines early, allowing timely
corrections.

2. Interview 6: Al helps prioritize
tasks by analyzing
dependencies and critical paths,
preventing overlaps and
ensuring focus on critical items.
3. Interview 8: Al supports
dynamic task prioritization based
on risk, improving efficiency and
reducing project delays.

4. Interview 9: Early warnings
from Al tools prevent bottlenecks
by proactively adjusting
priorities.

Al-enabled task
prioritization systems
outperform manual
methods by dynamically
analyzing task
dependencies, urgency,
and risk factors. These
systems proactively flag
conflicting deadlines and
bottlenecks, enabling
timely adjustments that
prevent overlaps, improve
focus on critical activities,
and reduce overall project
delays. Dynamic
reprioritization minimizes
decision fatigue and
supports more efficient
workflow management
under pressure.

Progress
Reporting

10

1,2,3,4,5,6,7,8,9,10

“report”, “alerts”,
“consolidate”

1. Interview 1: We use Al to
automate scheduling and report
generation. Previously, progress

reports required two days of
manual compilation; now they’re
ready in hours. Al standardizes

documentation and reduces

Al-enabled task
prioritization systems
outperform manual
methods by dynamically
analyzing task
dependencies, urgency,
and risk factors. These
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repetitive tasks, improving
execution efficiency overall.
2. Interview 2: Al consolidates
multiple inputs and provides
early alerts which caught delays
early, avoiding escalation.
3. Interview 3: Report generation
now takes minutes, and
dashboards provide clear
workflow visibility improving
execution and transparency.
4. Interview 4: Al-driven
dashboards consolidate data
and generate weekly updates
automatically.

5. Interview 5: Automated report
generation accelerates decision
support and reduces errors.

6. Interview 6: Predictive alerts
help identify slippages early and
enable proactive adjustments.
7. Interview 7: Al tools facilitate
timely collaboration and
structured communication with
stakeholders.

8. Interview 8: Al assists in
generating reports with visuals
and charts, saving time.

9. Interview 9: Field data capture
and validation ensure reporting

accuracy and reliability.
10. Interview 10: Early alerts and

consolidated real-time data

systems proactively flag
conflicting deadlines and
bottlenecks, enabling
timely adjustments that
prevent overlaps, improve
focus on critical activities,
and reduce overall project
delays. Dynamic
reprioritization minimizes
decision fatigue and
supports more efficient
workflow management
under pressure.
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feeds improve project progress
monitoring.

Communication

10

1,2,3,4,5,6,7,8,9,10

“coordinate’,
“dashboard”,
“meeting”

1. Interview 1: Everyone now
uses a common dashboard.
Even stakeholder meetings rely
on Al summaries to keep
discussions focused.

2. Interview 2: | coordinate
between design and site teams,
ensuring smooth operations. Al
dashboards and risk models
training helped make meetings
shorter and decisions more data-
driven.

3. Interview 3: Al tools facilitate
timely collaboration and data-
driven communication.

4. Interview 4: Some
communication platforms have
Al features, but are
underutilized.

5. Interview 5: Automated
meeting summaries and
stakeholder updates save
administrative time.

6. Interview 6: Al-enabled
platforms have improved team
communication through
automated notifications.

7. Interview 7: Al-powered

Al automates scheduling
and report generation,
drastically reducing
turnaround times from days
to hours or minutes. It
standardizes
documentation, reduces
repetitive administrative
tasks, and improves
workflow visibility through
real-time dashboards,
accelerating decision-
making and mitigating
delays. Although some
communication platforms
remain underutilized, Al-
driven tools like automated
updates and notifications
significantly enhance team
coordination, reduce
errors, and streamline
stakeholder engagement.
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communication channels reduce
misunderstandings and enhance
stakeholder engagement.

8. Interview 8: Al bots and virtual
assistants foster timely updates
and clear communication.

9. Interview 9: Real-time
collaboration and automated
updates improve response times
and stakeholder trust.

10. Interview 10: Al tools reduce
manual follow-ups and enhance
transparency in client updates
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Figure (11): Frequency and Percentage of Mediating Variables (MVs)

4.8.3 Dependent Variables (Project Management Outcomes) - 7 Themes
All seven dependent variable themes were prominently featured across interviews:

The results indicate that project quality, data collection accuracy, enhanced analytics, early
risk identification, time savings, and improved communication are all positively influenced by
Al implementation.
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This reflects that AI’s role goes beyond mere automation, adding cognitive and strategic value
by supporting decision-making, improving quality monitoring, and enabling project managers to
focus on strategic and innovative aspects.

Table (58) Dependent Variables (DVs) Thematic Summary Table
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Dependent Variables (DVs) Thematic Summary Table

No. Theme Frequency Interv_lrehv;'LDes il R:;;:;nsg Representative Quote
1. Interview 1: Quality control
benefited from early error
detection during design reviews.
Al budgets are part of the digital
transformation strategy.
2. Interview 2: Al-based design . .
optimizers and risk forecasting | Al €nhances project quality
applications improve quality and through early error
save time. detection, automated
3. Interview 3: Automated inspections, and predictive
inspection reports improved analytics that improve
quality checks; client satisfaction | accuracy, traceability, and
_ increased with transparent client satisfaction. By
Improving “quallty”,. “eEror reporting. redu0|.n'g manual grrors
1 Project Quality 10 1,2,3,4,5,6,7,8,9,10 SIetechon . 4. Interview 4: Al-driven and fac_:llltatlng_ co_ntlnuous
accuracy dashboards flag delayed quality monitoring, Al

deliverables and improve
traceability.

5. Interview 5: Accuracy in
schedule adherence and
deliverable quality has
measurably improved.

6. Interview 6: Al-generated
dashboards enhanced
confidence and reduced manual
errors.

7. Interview 7: Predictive
analytics help detect quality risks
early and aid in project delivery

strengthens compliance
and delivers consistent,
transparent project
outcomes, boosting
stakeholder trust and
driving sustained quality
improvements.
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consistency.

8. Interview 8: Forecasts and
data-backed feedback loops
refine quality assurance.

9. Interview 9: Documentation
errors dropped significantly;
reporting accuracy improved.
10. Interview 10: Clients
recognize enhanced credibility in
Al-generated reports, with
continuous quality
improvements.

Enhancing
Decision-
Making

10

1,2,3,4,5,6,7,8,9,10

“decision”, “data-
driven”,
“accuracy”,
“delay”

1. Interview 1: Decision accuracy
improved as Al correlates cost,
risks, and timelines. Al budgets

are part of our digital strategy
reviewed quarterly.
2. Interview 2: Al helps avoid
delays by flagging scheduling
conflicts. Decisions are faster
and more data-driven.

3. Interview 3: Al enables
evidence-backed decisions that
keep projects on track with
higher consistency.

4. Interview 4. Leadership uses
Al dashboards to set the tone
and promote fast, data-informed
decisions.

5. Interview 5: Al analytics
improved decision accuracy and
consistency, reducing manual
errors.

Al significantly improves
decision accuracy, speed,
and consistency in project
management by correlating

complex data on costs,

risks, and timelines.

Leadership increasingly

relies on Al-driven

dashboards and predictive

analytics to make faster,
evidence-based decisions
that keep projects aligned

with strategic goals and

reduce idle time and
manual errors.
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6. Interview 6: Al decision
support reduces subjective
errors and increases decision
speed.

7. Interview 7: Al-based risk
analysis prevents resource
overcommitment and optimizes
decisions.

8. Interview 8: Predictive
analytics assists in faster, more
accurate project decisions.

9. Interview 9: Al insights lead to
timely, consistent decision-
making aligned with project
goals.

10. Interview 10: Faster
validated decisions reduce idle
time and improve project
delivery.

Data Collection
Accuracy

10

1,2,3,4,5,6,7,8,9,10

“data collection”,

“logs”, “error
reduction”

1. Interview 1: All project data is
now captured through digital
logs instead of manual sheets.
Data duplication errors reduced
by 80%. Documentation errors
dropped significantly.

2. Interview 2: Al-based data
collection tools and automated
scheduling software improve
accuracy and reduce manual
efforts.

3. Interview 3: Field data capture
via mobile Al apps reduced
manual entry errors. Real-time

Al-driven automation of
data capture and validation
significantly minimizes
manual entry errors, data
duplication, and
inconsistencies across
project documentation.
Real-time anomaly
detection, digital logs, and
automated pipelines build
higher confidence in data
integrity, enabling more
reliable executive decision-
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validation catches anomalies.
4. Interview 4: Al helps
standardize documentation and
improves consistency.
5. Interview 5: Reliable data
supports executive decisions
through automated pipelines.
6. Interview 6: Al cross-verifies
entries, greatly improving
confidence in data accuracy.
7. Interview 7: Automated
validation checks and data
integrity tools boost reporting
reliability.

8. Interview 8: Error margins
decreased significantly with Al
automation.

9. Interview 9: Data collection
systems reduce loss and
mismatch risks.

10. Interview 10: Reporting
accuracy improved for better
planning and executive reviews.

making, planning, and
reporting.

Enhancing Data
Analysis

10

1,2,3,4,5,6,7,8,9,10

“analysis”,
“predictive
analytics”

1. Interview 1: Al helps
understand project risk and cost
patterns that manual analysis
missed. It supports forecasting
and risk planning.

2. Interview 2: Predictive
analytics and data visualization
tools support decision-making
and project planning.

3. Interview 3: Complex risk and

Al-driven predictive
analytics and data
visualization uncover
complex risk and cost
patterns often missed by
manual analysis. These
tools enable early detection
of inefficiencies and risks,
improve forecast accuracy,
and support strategic
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cost patterns are detected early;
inefficiencies identified and
addressed.

4. Interview 4: Forecast
accuracy enables better
planning and risk management.
5. Interview 5: Executives trust
Al-driven forecasts for
operational reviews.

6. Interview 6: Forecasts derived
from Al tools are reliable and
improve decision quality.

7. Interview 7: Forecasting
models underpin risk and
timeline management.

8. Interview 8: Al reveals
inefficiencies and flags risks,
aiding continuous improvement.
9. Interview 9: Analytics uncover
hidden cost patterns and
optimize resource use.

10. Interview 10: Data-backed
insights drive strategic
adjustments and operational
efficiency.

resource optimization and
operational adjustments.
Executives increasingly
trust Al-derived insights for
planning and continuous
improvement

Risk
Identification
Accuracy

10

1,2,3,4,5,6,7,8,9,10

“risk”, “early
warning”, “flag”

1. Interview 1: Al systems flag
potential delay risks early. Early
alerts help detect slow progress,

allowing mitigation.

2. Interview 2: Al-generated risk
maps guide mitigation planning
and highlight vendor capacity
risks.

Al significantly improves
risk identification accuracy
by providing early
predictive alerts, dynamic
risk maps, and workload-
based bottleneck
forecasting. These
capabilities enable
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3. Interview 3: Al predictive
alerts prevent bottlenecks
through early task
reprioritization.

4. Interview 4: Workload-based
bottleneck predictions enhance
resource deployment.

5. Interview 5: Proactive
mitigation steps based on Al
insights refine risk culture.

6. Interview 6: Dynamic risk
indicators enable agile project
responses.

7. Interview 7: Al helps identify
supplier delay risks and supports
weekly risk mitigation.

8. Interview 8: Early risk
identification has prevented
maijor issues in procurement and
scheduling.

9. Interview 9: System predictive
alerts now prevent sudden
surprises.

10. Interview 10: Al-driven risk
culture fosters preventive actions
and improves project resilience.

proactive mitigation,
prevent schedule and
supply chain disruptions,
and foster a data-driven
risk culture that enhances
project resilience and

agility.

Saving Time for
Project
Managers

10

1,2,3,4,5,6,7,8,9,10

L]

“time”, “save
hours”,
“automation”

1. Interview 1: Al automation
reduced time spent on reports
and documentation, saving 8—-10
hours weekly per manager.

2. Interview 2: Al tools balance
cost against time saved,
significantly improving efficiency.

Al automation significantly
reduces the time managers
spend on routine reporting,
documentation, and
manual tracking—saving
up to 8-10 hours weekly
per manager in some
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3. Interview 3: Weekly updates
auto-generated, reducing
administrative burden and

improving focus.

4. Interview 4: Al eliminated
much manual tracking and sped
coordination.

5. Interview 5: Automated report
generation significantly cuts
manual work.

6. Interview 6: More time now
goes into strategic coordination
and innovation.

7. Interview 7: Al tools save time
spent on routine tasks and
enable faster decision-making.
8. Interview 8: Time saved is
reinvested in innovation and
high-value tasks.

9. Interview 9: Communication
delays decreased due to Al
assistance.

10. Interview 10: Leadership
leverages saved time for
strategic focus and better project
outcomes.

cases. By automating
status updates,
consolidating information,
and streamlining
communication, Al enables
managers to focus more on
strategic coordination and
innovation, accelerating
decision-making and
improving overall project
outcomes.

Enhancing
Communication

10

1,2,3,4,5,6,7,8,9,10

“collaboration”,
“dashboard”,
“communication”

1. Interview 1: Al-enabled
dashboards and communication
platforms improve coordination

between on-site and design
teams, with automated meeting
summaries.
2. Interview 2: Al tools

Al-powered communication
platforms and dashboards
streamline coordination
between dispersed teams
by automating meeting
summaries, action item
tracking, and status
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summarize meeting discussions
and action items, enhancing
team alignment.

3. Interview 3: Virtual assistants
and Al bots facilitate timely
stakeholder engagement and
clear data-driven
communication.

4. Interview 4: Automated
reporting and notifications
reduce misunderstandings and
keep teams synchronized.

5. Interview 5: Stakeholder
meetings rely on Al summaries
for focused discussions.

6. Interview 6: Team
communication is fluid, with
faster response times and fewer
missed updates.

7. Interview 7: Al supports
instant client updates and
transparent project portals.

8. Interview 8: Automated
meeting notes and integrated
project feeds increase
communication efficiency.

9. Interview 9: Clients appreciate
quick and transparent updates
through Al-driven portals.

10. Interview 10: Reduced
manual follow-ups and improved
transparency have built stronger
stakeholder trust.

updates. These tools
reduce communication
delays, minimize
misunderstandings, and
promote transparent, real-
time collaboration—
building stronger trust
among stakeholders and
enabling more focused,
data-driven project
discussions.
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Figure (12): Frequency and Percentage of Dependent Variables (DVs)

4.9 Integration of Quantitative and Qualitative Findings (Triangulation)

4.9.1 Convergence Between Methods
Strong Convergence (High Agreement Between Methods):

1. Workforce Development Impact

e Quantitative: Strongest correlation with Al-Based Project management
(r=0.527) and project outcomes (r = 0.494)

e Qualitative: Training gaps mentioned in 100% of interviews; "lack of
adequate training" cited as key limiting factor
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Integration: Both methods strongly support workforce development as
critical enabler

2. Time Savings Outcome

Quantitative: Highest dependent variable mean score (8.50 £ 1.24;
84.95%)

Qualitative: All 10 interviews mentioned time savings; ranked #1
tangible benefit

Integration: Consistent recognition of Al's operational efficiency
impact

3. Data Quality & Analysis

Quantitative: High dependent variable means for data collection (8.35)
and analysis (8.42)

Qualitative: Nine themes mentioned data accuracy and insights

Integration: Both confirm Al's significant contribution to information
quality

4. Infrastructure Compatibility Barriers

49.2

Quantitative: Strong Independent Variables to Mediating Variable
correlation (r = 0.521); significant direct effect (B =2.278, p =0.001)

Qualitative: 100% of interviews cited integration challenges; specific
systems mentioned (Primavera, Revit, SAP)

Integration: Infrastructure emerges as validated barrier across methods

Discrepancies and Contextual Explanations

Ethical Considerations Discrepancy:

Quantitative: Highest independent variable mean (7.97, 79.71%) but not
significant predictor (p = 0.619)

Qualitative: Ethics mentioned in 80% of interviews but often as secondary
concern.

Explanation: Ethics was acknowledged as important but abstract;

organizations lack concrete guidelines (as stated in interviews: "Lack of clear
regulations makes firms cautious'), reducing its measurable impact on

outcomes.

Cost as Non-Significant Predictor:
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4.9.3

Quantitative: Significant correlation with Al-Based Project Management (r =
0.325) but not direct outcome effect (p = 0.557)

Qualitative: Cost mentioned in 100% of interviews; frequently cited as barrier

Explanation: Cost influences Al utilization (hence correlation with Al-Based
Project Management), but firms that utilize despite cost constraints achieve
comparable outcomes to well-funded organizations. This suggests cost is
a barrier to entry, not a determinant of performance.

Mediating Role Validation

Our statistical analysis found that Al-Based Project Management acts as the
bridge between organizational factors and project outcomes. Specifically, 84% of the
improvement in project outcomes comes through Al utilization, not directly from the
factors themselves. In other words, organizations don't get better results just by having
good infrastructure or trained staff; they mustactually use Al toolsto see

improvements.

4.10 Summary of Key Findings
4.10.1 Quantitative Findings:

1.

All measurement instruments demonstrated strong reliability (o > 0.879) and
validity (item-total correlations > 0.43)

. Factors influencing Al utilization significantly predict project outcomes (R? =

0.235; p <0.001)

Most influential factors are infrastructure compatibility, followed by workforce
development, and then resistance to change. These three factors have the
strongest effects on how well organizations achieve project outcomes.

Al-Based Project Management strongly correlates with outcomes (r = 0.775; p
<0.001)

SEM confirms that artificial intelligence-based project management mediates
the relationship between influencing factors and project outcomes, 84% of
Independent variables effects on outcomes operate through Al-based PM

Modified SEM achieves good fit (CMIN/DF = 1.779; CF1 =0.917; RMSEA =
0.087)

4.10.2 Qualitative Findings:

1.

All 6 Independent variables and 5 Mediated variable confirmed through
thematic analysis across 10 interviews

Time savings most consistently cited benefit (100% of interviews)

Cost and workforce development identified as primary utilization barriers
(100% of interviews)
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4. Infrastructure compatibility challenges specific to legacy systems (Primavera,
Revit, SAP)

4.10.3 Integrated Findings:
1. Strong convergence between quantitative relationships and qualitative

narratives
2. Discrepancies (e.g., ethics, cost) explained through contextual understanding
3. Mediation pathway validated through qualitative exemplars

4. Study findings support the proposed conceptual model.

4.10.4 Conclusion
Results across quantitative and qualitative analyses consistently demonstrate that

organizational and technical factors significantly influence Al-based project
management utilization, which in turn substantially enhances project outcomes in Saudi
design and consultancy engineering firms. The integration of both methodological
approaches provides both statistical rigor and contextual depth, confirming the
theoretical framework and setting the foundation for the discussion of implications.
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