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Abstract:

Artificial intelligence (Al)-based predictive analytics is increasingly applied in project management for
schedule forecasting, cost estimation, risk prediction, and decision support optimisation. However,
existing research remains fragmented across technical modelling studies, optimisation research, and
socio-technical governance discussions. This study conducts a concept-centric systematic literature
review of publications between 2020 and 2026 to synthesise the evolving knowledge base. The findings
reveal three developmental phases: (i) early machine-learning models focused on delay and cost
prediction, (ii) integration of optimisation-driven decision support systems, and (iii) generative Al
environments accompanied by growing emphasis on explainability and governance. The review
demonstrates that predictive analytics has evolved from a supplementary forecasting tool to a
foundational intelligence layer embedded across the project life cycle. Despite technical advancement,
fragmentation across life-cycle phases persist. The study proposes an integrated framework to guide
future research on cross-phase integration, explainable Al, and human-Al collaboration in project

environments.
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Introduction

Across construction, Information Technology (IT), infrastructure, and engineering domains, project
performance increasingly depends on the ability to anticipate schedule delays, cost overruns, and
emerging risks before they materialise (Gondia, Siam & Dakhakhni, 2020; Assaad, El-Adaway &
Abotaleb, 2020; Awada, Srour & Srour, 2021; Yaseen, Ali, Saleh & Ansari, 2020). Traditional project
control mechanisms such as Earned Value Management (EVM), Critical Path Method (CPM), and risk
registers contemporarily have long supported managerial oversight through controlled monitoring and
retrospective performance analysis (Moon, Williams, Lee & Park, 2020; Karatas, Alsharif, Grau, Tang &
Al Asmar, 2020). Thus, while these approaches provide valuable control frameworks, they often struggle
to capture non-linear relationships, and dynamic uncertainty integral in modern project environments.
The emergence of Artificial Intelligence (Al) and machine learning (ML) has substantially reshaped
forecasting abilities in project management. Al-based predictive analytics control historical and real-time
project data to detect hidden patterns, model complex relationships, and generate probabilistic forecasts
regarding schedule performance, cost escalation, and risk exposure (Ashtari, Ansari, Hassannayebi &
Jeong, 2022; Inan, Narbey & Hazir, 2022; Ezzeddine, Shehab, Lucko & Hamzeh, 2022; Yue, 2021).
Hybrid models that are integrating machine learning with traditional performance metrics have
demonstrated improved forecasting accuracy and earlier identification of performance deviations (Liu &
Hao, 2021; Gondia et al., 2020; Yaseen et al., 2020). These developments signal a shift from reactive
project control towards proactive decision-making. Questions of transparency are increasingly
influencing Al adoption within project organisations (Miller, Ganzha, Macaiszek, Paprzycki & Slezak,
2021; Kumar, Abdufattokhove, Singh, Aradhya, Roy, El-Ebiary, Muniyandy & Bala, 2022; Bento,
Pereirra, Goncalves, Dias & Costa, 2022). Project managers must therefore balance data-driven
automation with professional judgement, organisational trust, and accountability structures (Miller et al.,
2021. As Al systems become embedded within decision-support environments, governance and ethical

frameworks are also becoming integral to ensuring responsible deployment (Miller et al., 2021).

Project organisations must evolve their management frameworks to effectively integrate Al-based
predictive analytics into core decision making processes. This study examines the transformation of
project management through the lens of Al-driven predictive intelligence. Given the rapid expansion of
Al applications, the literature has become fragmented. This concept-centric systematic literature review
organises prior research into thematic domains reflecting predictive analytics foundations, performance
forecasting, risk early-warning systems, decision support optimisation, human-Al interaction,
governance considerations and future research trajectories. In doing so, it provides conceptual clarity,

identifies research gaps, and outlines strategic directions for integrating predictive analytics into
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transparent and performance-oriented project management systems in increasingly complex

environments.

However, organisations encounter substantial challenges when integrating Al-based predictive analytics
into project decision making frameworks. The need of modelling studies, optimisation research, and
algorithm focused forecasting tools has produced a rapidly expanding but limited body of literature.
While technical modelling research concentrates on algorithmic performance and predictive accuracy
(Gondia et al., 2020; Ashtari et al., 2022; Inan et al., 2022) optimisation and decision support studies
focus on system design and simulation frameworks (Salhab et al., 2023; Ansari et al., 2022) while
managerial analyses examine adoption, trust and governance implications (Miller et al., 2021; Kumar et
al., 2022; Bento et al., 2022). Although each stream advances knowledge there is limited integration
across these domains. Furthermore, the growing resilience of on automated predictive systems
introduces new governance, transparency and ethical considerations. Questions surrounding
explainability, managerial oversight, data bias and accountability increasingly shape Al adoption in
project environments (Miller et al., 2021, Kumar et al., 2022). It is therefore noted that organisations
struggle to balance automated predictive intelligence with professional judgement and ethical
responsibility, particularly high-risk capital-intensive projects. Despite the expanding research on Al
applications in scheduling, cost forecasting, risk predication and decision support systems, the literature
lacks a comprehensive concept-centric framework that: (i) Integrates predictive modelling, performance
forecasting and risk early warning systems into a unified structure. (ii) Explains how Al-driven predictive
analytics reshapes project lifecycle decision making processes. (iii) Examines the interaction between
automated intelligence systems and human managerial judgement. (iv) Identifies future trajectories for
embedding predictive analytics responsibly and effectively in project ecosystems. Existing reviews (e.g.,
Bento et al., 2022, Akinosho, Oyeydele, Bilal, Ajayi, Delgado, Akinade, Ahmed, 2020) acknowledge the
growing relevance of Al on project contexts but do not systematically synthesise predictive analytics
across forecasting, optimisation, risk anticipation and governance perspectives. Thus, there is limited
conceptual clarity regarding how Al-based predictive analytics collectively transform project
management paradigms in practice. This study contributes by providing a concept-centric synthesis of
Al-based predictive analytics in project management and proposing an integrated framework that
connects predictive modelling, decision support systems, human-Al interaction, and governance

considerations across the project lifecycle.
Methodology

This study employs a concept-centric literature review to examine the evolution of Al-based predictive
analytics in project management. A concept-centric approach differs from traditional chronological

literature reviews because it groups research findings according to thematic domains rather than
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publication timelines. The method enables a structured evaluation of predictive modelling techniques,
forecasting systems, risk analytics, optimisation approaches, decision support architectures and
governance considerations within project management. By organising the literature around conceptual
constructs instead of algorithms the review thus provides an integrated understanding how Al-driven
predictive intelligence reshapes project planning, monitoring and control processes. The research
synthesises qualitative and quantitative contributions drawn from peer-reviewed journals, conference
proceedings and scholarly publications to develop a coherent conceptual framework that connects

traditional project management paradigms with emerging Al-enabled analytics systems.

The concept-centric methodology is articulated by Webster and Watson (2002) and is particularly
suitable for interdisciplinary domains characterised by rapidly expanding research streams. Al-based
predictive analytics in project management exhibits precisely these characteristics. This field integrates
elements from construction management, operations research, computer science, information systems
and engineering management yet these perspectives are often examined independently. Moreover, the
research landscape remains at a developmental stage, presenting a mixture of technical modelling
studies, optimisation research, empirical performance analyses, conceptual discussion and systematic
reviews. These conditions justify the use of a concept-centric synthesis to consolidate dispersed
knowledge, clarify theoretical foundations and identify emerging research trajectories. Methodologically
a concept-centric review independent of the field of application is composed of six interconnected stages
as Figure 1 below: (1) defining the research question; (2) determining the required characteristics of
primary studies;(3) retrieving a sample of potentially relevant literature;(4) selecting pertinent studies;
(5) synthesising the literature; (6) and reporting the results while identifying future research directions.
This structured process ensures analytical rigour while facilitating theoretical integration across divers
methodological approaches (Raff, Wentzel & Obwegeser, 2020; Talero-Sarmiento, Escobar-Rodriguez,
Gomez-Avila & Parra-Sanchez, 2024; Jacobsen, Mardanova & Moroff, 2025).
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Figure 1. Flow diagram for the concept-centric systematic literature review

(Source: Adapted from; Webster & Watson, 2002; Raff, Wentzel & Obwegeser, 2020; Talero-

Sarmiento, Escobar-Rodriguez, Gémez-Avila & Parra-Sanchez, 2024)

The framework integrates Al-based predictive analytic as a strategic capability within contemporary

project management environments and is structured as follows:

1.

Defining the research question — A comprehensive literature review requires the
establishment of the research question(s) at the outset to ensure a structured and focused
literature review. This process forms the foundation for systematic analysis. Initially is it
hypothesising that scientific contributions related to Al-based predictive analytics in project
management remain conceptually fragmented with research trajectories still emerging
across technical, managerial and governance domains. While numerous studies address
scheduling prediction, there is limited integration of these contributions into a unified
conceptual framework. This review therefore aims to systematically map existing research,
organise it into coherent thematic categories and identify the principal theoretical and
practical shaping the field.

Determining essential characteristic of primary studies — The analysis focuses on peer
reviewed scientific articles, and scholarly book chapters available in indexed databases,
specifically Scopus (Elsevier) and written in English. Grey literature such as these,
dissertations, technical reports or project deliverables is excluded. The peer-review
processed ensures a foundational level of academic rigour and distinguishes exploratory

modelling attempts from empirically validated and methodologically robust contributions.
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Eligible studies are required to demonstrate the explicit application of Al Intelligence,
machine learning, deep learning, ensemble techniques, optimisation algorithms or
predictive analytics within project management contexts, including construction,
engineering, infrastructure and IT project environments.

3. Retrieving a sample of relevant literature — The research extracts English language
documents related to Al- driven predictive analytics in project management. Given that
terminology | this domain lacks universal standardisation, an initial broad search strategy is
adopted. Various keyword combinations are considered to account for differences in
conceptual framing including “Artificial Intelligence,”: Decision Support Systems,” and
“Project Management,” Advanced Boolean operators and proximity search techniques are
employed to refine the selection of process and ensure relevance. The systematic search
yields a substantial body of potentially relevant studies, which are subsequently filtered
according to predefined inclusion criteria.

4. Select pertinent literature — Articles specifically addressing predictive intelligence within
project environment are identified within project environments are identified through a two-
step screening procedure. First, manual selection based on titles, keywords, and abstracts
reduces the initial dataset to studies directly aligned with Al-based forecasting, optimisation,
risk modelling and additional relevant works indexed in Scopus that may not have appeared
in the primary search results. This iterative screening process ensures comprehensive
coverage while maintaining conceptual precision in the final sample selected for analysis.

5. Synthesising the literature - Articles specifically addressing predictive intelligence within the
project environments are identified through a two-step screening procedure, First, manual
selection based on titles, keywords and abstracts reduces the initial dataset to studies
directly aligned with Al-based forecasting, optimisation, risk modelling and decision support
in projects. Second, cross referencing citations is conducted to uncover additional relevant
works indexed in Scopus that may not have appeared in the primary search results. The
iterative screening process ensures comprehensive coverage while maintaining conceptual
precision in the final sample selected for analysis.

6. Reporting results and discussing future research directions — The findings derived from the
preceding stages are used to critically analyse thematic groupings that define the current
state of knowledge and highlight the principal conceptual and methodological gaps within
Al-based predictive analytics in project management. This transition from analysis to future
research pathways ensures a systematic identification of areas that remain unexplored.
Attention is particularly given to the integration of predictive models into project life cycle
decision making, the balance between automated analytics and managerial judgement and

the emerging need for transparency and governance mechanisms.
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Table 1 notes the search strategy that employed multiple keyword combinations to ensure
comprehensive coverage of Al-based predictive analytics within project management. Boolean
operators and alternative terminology were used to capture variations in conceptual framing across the

literature.

Database | Search String Filters Applied Results

Retrieved

Scopus (“artificial intelligence” OR “machine learning” OR | English, 2020- | 159
“predictive analytics”) AND (“project | 2026, Peer-

management”) reviewed

Scopus (“AlI” AND “project scheduling” OR “cost | English, 2020- | 87
forecasting” OR “risk prediction”) 2026, Peer-

reviewed

Scopus (“decision support systems” AND “project | English, 2020- | 54
management” AND “artificial intelligence”) 2026, Peer-

reviewed

Table 1: Conceptual framing

The combined search results were consolidated, and duplicate records were removed. An initial dataset
of 159 publications was obtained. A screening process based on titles, abstracts, and keywords was
then conducted to assess relevance to Al-based predictive analytics in project management. Studies
that did not meet the inclusion criteria were excluded. The remaining articles were further evaluated for
methodological relevance and conceptual alignment, resulting in a final sample of 64 studies included

in the thematic analysis.

Thematic Analysis

The thematic analysis is discussed below.
Key Definitions

To ensure conceptual clarity this section delves into the core constructs underpinning Al-based
predictive analytics in project management. Project management, data science, operations research
and information systems are essential for a coherent synthesis. Table 2 presents the principal; concepts

and their definitions as derived from the literature reviewed in this study.
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Key Concept

Definition

Artificial Intelligence (Al) | project management

The application of machine learning, deep
learning, optimisation algorithms and intelligent
computational systems to automate, augment
and enhance project planning, monitoring and
2023;

control processes (Taboada at al.,

Mikhaylov et al., 2023)

Predictive analytics

The use of statistical modelling, machine
learning and data mining techniques to analyse
historical and real-time project data in order to
forecast future outcome such as cost overruns,
schedule delays and performance deviators
(Gondia et al., 2020; Moon et al., 2020; Darko,
Glushakova, Boateng, Chan, 2023)

Schedule and cost forecasting

The estimation of project completion time and
budget performance using Al-driven models
which include neural networks, ensemble
learning and hybrid optimisation techniques
(Assad et al., 2020; Yaseen et al., 2020; Darko

et al., 2023)

Risk prediction and early warning systems

Al-enabled

modelling systems designed to identify delay

classification and predictive
risks, performance deviations and uncertainty
patterns before project failure occurs (Gondia
et al., 2020; Yaseen et al., 2020; Jha, Wanko,

Bachu, Agarwal, Velmurugan, Maurya, 2023).

Decision support systems (DSS)

Intelligent systems that integrate predictive
models with optimisation algorithms to support
resource

managerial decision making in

allocation, scheduling and performance

optimisation (Sravanthi et al., 2023; Naz et al.,
2023; Baharom et al., 2023)
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Human-Al Interaction The collaborative integration of algorithmic
intelligence and managerial judgement in
project  decision making emphasising
explainability, trust and oversight (Mikhaylov et
el., 2023; Taboada et al., 2023).

Ethical and governance considerations in Al The principles of transparency, accountability,
bias mitigation and responsible deployment of
predictive systems in project environments
(Taboada et al., 2023; Mikhaylov et al., 2023)

Systematic Literature Review (SLR) A systematic literature review is a structured,
transparent, and reproducible research
method used to identify, evaluate, and
synthesise existing academic literature to
answer clearly defined research questions and
generate reliable theoretical and practical
insights (Booth, Sutton & Papaioannou, 2016;
Webster & Watson, 2002).

Table 2: Concept definitions

Al in project management refers to the integration of learning systems into traditional project control
processes to augment managerial decision making (Taboada et al., 2023). Through predictive analytics,
Al analyses historical and real time data to generate forecasts related to cost, schedule and risk to shift
management from reactive reporting to proactive intelligence driven control (Moon et al., 2020; Gondia
et al.,, 2020). It also refers to the application of machine learning, deep learning and probabilistic
modelling techniques. To reduce the estimation bias advanced techniques such as deep neural
networks, ensemble learning and hybrid optimisation models enhance forecasting (Assaad et al., 2020;
Darko et al., 2023).

Evolution of Al-Based Predictive Analytics in Project Management

The development of Al-based predictive analytics in project management reflects a broader transition
from deterministic control models toward data driven probabilistic decision-making systems
(Khoshkonesh, Mohammadagha, Ebarahimi & Sadeghigolshan, 2025). For decades project
performance management relied heavily on traditional forecasting tools such as critical path method
(CPM), earned value management (EVM) and regression-based estimation tools. These approaches

provided structured frameworks for monitoring cost and schedule performance, yet their predictive
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capacity remained limited due to assumptions of linearity, deterministic activity durations and static risk
conditions (Assaad et al., 2020, Gondia et al., 2020). Thus, as project environments become
increasingly complex and data rich, conventional analytical models are proved insufficient for capturing
non-linear interactions, uncertainty patterns and interdependencies among project variables. Studies
employing naive Bayesian classifiers and decision tree algorithms demonstrated enhanced predictive
accuracy compared to traditional statistical approaches (Gondia et al., 2020). Ensemble learning models
were introduced to predict cost overrun levels during the bidding stage, improving classification
performance by integrating multiple learning algorithms (Moon et al., 2020. These early implementations
established the empirical viability of Al-driven forecasting within construction and engineering projects.
Subsequent advancements incorporated more sophisticated machine learning architectures, including
deep neural networks and hybrid optimisation models (Hamdaan, Thneibat & Hyari, 2025). . Deep
learning techniques were applied to cost and duration prediction in green building projects, achieving
lower mean absolute percentage errors compared to conventional estimation methods (Darko et al.,
2023). Hybrid models integrating random forest algorithms with genetic optimisation further enhanced
delay risk prediction by capturing complex variable interactions (Yaseen et al., 2020). These
developments demonstrated the ability of Al systems to process high-dimensional datasets and uncover

latent performance drivers that traditional parametric models could not identify.

The evolution of predictive analytics also expanded as research began to focus on early warning
systems capable of detecting performance deviations at preliminary project stages as active learning
frameworks were developed to capture uncertainty in construction scheduling, allowing predictive
models to dynamically update as new data emerged (Jha et al., 2023). This shift reflects a movement
from static prediction toward adaptive intelligence systems capable of continuous learning throughout
the project life cycle. Parallel to predictive modelling advancements optimisation algorithms and machine
learning-based smart planners were designed to enhance resource allocation, schedule configuration
and performance optimisation (Baharom et el., 2023). Recent literature further indicates a transition
toward holistic and integrated frameworks that combine predictive analytics with governance,
transparency, and managerial adoption considerations (Batool, Zowghi & Bano, 2023). Systematic
reviews highlight the growing interdisciplinary convergence between artificial intelligence, performance
management, and digital project ecosystems (Taboada et al., 2023). Rather than viewing predictive
models as standalone tools, emerging research conceptualises Al-based analytics as embedded
capabilities within broader project management information systems (Dimitrov et al.,2023; Kelemu,
Rotimi, Samarasinghe, Shahzad, Sutrisna & Kahandawa,2024) Therefore, the literature reveals an
increasing demand in modelling techniques, broader application domains, and deeper integration with
managerial processes. However, despite these advancements, fragmentation persists across technical

modelling studies, optimisation research, and strategic adoption analyses. This underscores the need
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for concept-centric synthesis to consolidate theoretical foundations and guide the future development of

intelligent, transparent, and performance-driven project management systems.
Schedule and Cost Forecasting Using Al

Whilst historically project time and budget estimation relied on planning tools, parametric models and
earned value management systems, these techniques provided structured control mechanisms they
often failed to account for uncertainty, interdependencies among project variables and dynamic
environmental conditions (Assaad et al., 2020). The integration of machine learning algorithms has
significantly enhanced forecasting precision by capturing non-linear relationships within historical project
datasets (Moon et al., 2020). Classification and regression models have been employed to predict cost
overrun levels at early project stages, particularly during bidding and pre-contract phases (Moon et al.,
2020). Similarly, machine learning techniques such as decision trees, naive Bayesian classifiers and
random forest algorithms have been applied to forecast schedule deviations with improved reliability
(Gondia et al., 2020; Yaseen et al., 2020). These advancements allow project managers to identify delay
drivers early and implement corrective strategies proactively rather than reactively (Cheng and Khasani,
2024). Neural networks are particularly effective in processing large-scale, high-dimensional datasets,
enabling detection of latent performance patterns not observable through traditional regression
techniques (Darko et al., 2023). The shift toward data-intensive modelling has transformed forecasting

from static estimation exercises into dynamic, continuously updated predictive processes.
Risk Prediction and Early Warning Systems

The emergence of machine learning has transformed risk analysis from descriptive assessment towards
predictive intelligence systems, capable of detecting early warning signs of project failure (Gondia et al.,
2020). Hybrid Al models further extend predictive capability by integrating optimisation techniques into
risk modelling frameworks (Yaaseen et al., 2020). Recent research also emphasis adaptive and
uncertainty aware modelling techniques whereby active learning frameworks have been proposed to
capture evolving risk conditions and dynamically update predictive models’ ad new data becomes
available (Jha et al., 2023). These systems synthesise structured project data with textual reports and
historical documentation, enabling contextualised and interpretable early-warning dashboards. The
literature indicates that while predictive risk modelling has matured significantly in technical
sophistication, integration with broader organisational risk governance frameworks remains
underdeveloped (An,2023; Khodabakhshian et al.,2024; Wei, 2025).

Decision Support Systems and Performance Optimisation

Al-based predictive analytics has evolved beyond isolated forecasting models into integrated DSS

designed to enhance managerial judgement and optimise project performance trade-offs. Salhab et al.,
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(2023) demonstrates how agent-based modelling can function as a DSS for selecting appropriate project
delivery methods under varying project conditions. By simulating alternative scenarios their framework
quantifies expected outcomes and supports evidence-based selection rather than subjective judgement.
Similarly, Ansari et al., (2023) develop a DSS system that evaluates key performance indicators in
construction projects using integrated multi-criteria techniques. Their findings indicate that Al enabled
systems improve prioritisation of performance drivers and enhance consistency in managerial
evaluation processes. The integration of machine learning into operational scheduling decisions is
further illustrated by Awada et al. (2021), who apply predictive analytics to forecast field submittal delays
and embed probabilistic time impacts within scheduling frameworks. Their study reveals that Al-based
models enhance traditional scheduling techniques by incorporating dynamic uncertainty into project
duration estimates. Ben Kariem et al., (2023) and Naz et al., (2023) reinforce the importance of
combining predictive modelling with structured decision frameworks to enhance project delivery
efficiency. Zhou and Zou (2021) further apply fuzzy decision-making techniques within project-planning
contexts, illustrating how hybrid Al models strengthen structured evaluation processes. Furthermore, in
public sector and governance contexts, Setiawan and Tasmi (2021) show that group DSS’s incorporating
multi criteria decision making models improve transparency and reduce subjectivity in project evaluation.
Collectively, these studies reveal Al-driven DSS enhance delivery method selection, resource allocation
and performance optimisation through integration of predictive analytics and optimisation modelling.

This marks a transition from descriptive reporting tools to intelligent managerial augmentation systems.
Human-Al Interaction in Project Decision Making

Although predictive analytics and decision-support systems significantly enhance analytical capability,
human judgement remains central to project governance. Kumar et al., (2022) investigate practitioners’
perceptions of Al in construction projects and report that while managers recognise the potential
efficiency gains of Al systems, concerns remain regarding overreliance on automation and loss of
contextual sensitivity. Al adoption is strongly influenced by perceived reliability and transparency of
predictive outputs (Kumar et al., 2021, Makaula et el., 2021). The integration of Al in emerging markets
within project management is constrained by skill gaps, organisational readiness and uncertainty
regarding technological implications for workforce roles (Makaula, 2021). Human oversight in Al-
supported project environments is necessary as moral decision-making responsibility cannot be
delegated entirely to automated systems (Miller et al., 2021, Sabahi & Parast, 2020). Managerial
attributes including entrepreneurial orientation and proactiveness significantly influence project
outcomes (Sabahi and Parast, 2020). This reinforces the notion that predictive systems operate within
broader behavioural and organisational contexts, where human competencies remain decisive. Recent
research by Nyqvist et al. (2024) and Aramali et al. (2024) highlights explainability as a key enabler of

trust in Al-supported decision-making. The emergence of generative Al and large language models
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(LLMs) represents a structural shift in Al-based project intelligence. Unlike predictive models that focus
primarily on numerical forecasting, generative systems augment planning, documentation,
communication, and stakeholder coordination processes (Makaula et al., 2021; Kumar et al., 2022;
Fridgeirsson et al., 2023).

Ethical, Governance and Transparency Considerations

As Al-based predictive analytics becomes increasingly embedded within project decision making
systems, ethical governance and transparency emerge as central concerns. Project outcomes
influenced by Al systems require clear accountability structures, particularly where automated
recommendations affect cost allocations, scheduling decision or safety operations (Miller et al., 2021).
Algorithmic bias, data integrity risks, and opaque modelling techniques may undermine stakeholder trust
if not proactively addressed (Bento et al., 2022). In project management contexts, biased predictive
outputs may distort risk prioritisation or resource allocation decisions, thereby influencing project
trajectories in unintended ways. Decision makers are more likely to rely on predictive analytics when
model logic is interpretable and performance metrics are clearly communicated (Nyqvist, Peltokorpi,
Seppaenen, 2024). Sarafanov et al. (2024) emphasise the need for structured governance mechanisms
that integrate Al oversight into existing project control frameworks. Rather than treating Al governance
as an external compliance function, they propose embedding ethical review protocols within routine
project monitoring processes. Kumar et al. (2022) also highlight practitioner concerns regarding
overreliance on automation, particularly where predictive models operate as “black box” systems.
Without explainable outputs, managers may struggle to justify decisions to stakeholders, auditors, or
regulatory bodies. This concern is further reinforced by Mikhaylov et al. (2023), who advocate for
explainable Al (XAl) frameworks that allow traceability of algorithmic reasoning. Their research
underscores that transparency strengthens trust, enhances adoption, and reduces resistance to Al

integration within project organisations.
Integrated Digital Ecosystems

Al-based predictive analytics is increasingly embedded within broader digital construction and project
ecosystems, including Building Information Modelling (BIM), loT-enabled monitoring systems, digital
twins, computer vision platforms, and smart contract infrastructures (Du,2021; Wang & Chen,2023,
Chone et al., 2025). The incorporation of Internet of Things (loT) technologies further expands predictive
capability by enabling real time data acquisition from construction sites and operational facilities (Qui et
al., 2024; Zheng,2024). Furthermore, digital twin creates feedback loops in which predictive analytics
continuously recalibrate forecasts based on actual performance (Pfitzner, Braun & Borrmann 2024; Lin

et al., 2025). Parallel to that blockchain enabled smart contracts and interoperable data platforms are
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emerging as governance mechanisms within Al-enabled ecosystems (Yu et al., 2025; Chong et al.,
2025).

Integrated Frameworks and Future Research Directions

Despite significant advancements in predictive modelling, optimisation systems, and decision-support
architectures, the literature reveals persistent fragmentation across project life-cycle phases (Ottaviani,
De Marco, Narbev, Rebuglio, 2024). The dispersed nature of Al research across engineering
management, construction analytics and operations optimisation are highlighted by noting the absence
of unified conceptual models linking predictive analytics to broader project management. Ottaviani et
al., (2024) emphasise that while digital technologies are transforming construction practices, Al adoption
remains uneven across planning, execution, monitoring and closure phases. Integrating governance,
cross-functional data pipelines and coordinated digital strategies are essential for achieving sustained
performance improvements (Bento et al., 2020). This perspective aligns with Akinosho et al. (2020), who
identify the need for cross-phase digital integration to maximise value extraction from emerging
technologies in construction projects. It is further noted that Al maturity in project management depends
not only on technical sophistication but also on institutional readiness and strategic alignment (Kelemu
et al., 2024). Kelemu et al. (2024) emphasise the importance of developing comprehensive conceptual
frameworks that connect predictive analytics with organisational capabilities, governance mechanisms,
and stakeholder engagement processes. The following Table 3 demonstrates the concept themes in line

with 64 identified scholarly contributions of this study.

Concept Core Theme Scholarly Contributions Key Insights
Theme 1: Al- | Foundational Akinosho et al. (2020); Bento et | Al  functions as the
Based Predictive | analytical al. (2022); Taboada et al. | analytical backbone of
Analytics as the | intelligence (2023); Mikhaylov et al. (2023); | modern project
Analytical Core of | layer Sarwar & Rahman (2024); | management systems.
Project Mohd Nawi et al. (2024); | Predictive models
Management Saxena & Totaro (2024); Alketbi | transform historical data
etal. (2024); Nenni et al. (2025); | into forward-looking
Ali & Naseer (2026) intelligence embedded
across project life-cycle
phases rather than serving
as isolated analytical tools.
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Theme 2: | Predictive Moon et al. (2020); Gondia et al. | Ensemble learning, LSTM,
Schedule and | performance (2020); Yaseen et al. (2020); Liu | Bayesian modelling, and
Cost Forecasting | intelligence & Hao (2021); Yue (2021); | XAl-enabled pipelines
Using Al Awada et al. (2021); Inan et al. | outperform traditional
(2022); Ashtari et al. (2022); | CPM/EVM approaches. Al
Darko et al. (2023); Arabiat et al. | improves early detection of
(2023); Li et al. (2024); Narbaev | cost overruns and schedule
et al. (2024); Shehadeh & | slippage across bidding
Abuaddous (2025); | and execution stages.
Elmousalami et al. (2025);
Abuassi et al. (2025)
Theme 3: Risk | Proactive risk | Gondia et al. (2020); Yaseen et | Al transforms risk
Prediction and | anticipation al. (2020); Yun et al. (2022); | management from reactive
Early Warning Ashtari et al. (2022); An (2023); | reporting to  predictive
Systems Florence et al. (2024); | anticipation. Bayesian
Khodabakhshian et al. (2024); | networks, ensemble
Wei (2025); Isah & Kim (2025); | models, knowledge-graph
Badhon et al. (2025); Geamanu | GPT systems, and
et al. (2026); Pourrahimian et al. | explainable dashboards
(2026) enable interpretable early-
warning mechanisms.
Theme 4: | Intelligent Zhou & Zou (2021); Setiawan & | Al-based DSS integrate
Decision-Support | managerial Tasmi (2021); Salhab et al. | optimisation algorithms
Systems and | augmentation (2023); Jha et al. (2023); | with predictive analytics
Optimisation Bragadin et al. (2023); Naz etal. | and simulation to improve
(2023); Sklias et al. (2024); | trade-offs among cost,
Tarawneh et al. (2024); | time, quality, and risk,
Almahameed & Bisharah | enabling adaptive
(2024); Rafid et al. (2025); | managerial decision-
Kumari et al. (2025); Sun | making.
(2025); Zhang (2025)
Theme 5: | Al agents | Dimitrov et al. (2023); Indrajit | Generative Al based
Generative Al, | augmenting (2024); Bahi et al. (2024); | agents support
Agile, and Siddiqa et al. (2024); Aramali et | documentation, automated
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Bias,

bias mitigation,

(2022); Mikhaylov et al. (2023);

Intelligent Project | planning and | al. (2024); Nyqvist et al. (2024); | risk  extraction, sprint
Systems control Ongbali et al. (2025); Almalki | planning, and stakeholder
(2025); Schulze-Gonzalez et al. | communication. Evidence
(2025) suggests augmentation
rather than replacement of
project managers.
Theme 6: | Socio-technical | Makaula et al. (2021); Kumar et | Al effectiveness depends
Human-Al integration al. (2022); Fridgeirsson et al. | on competence retention,
Interaction, (2023); Altaie & Dishar (2024); | digital maturity, top
Adoption, and Sarafanov et al. (2024); Al-Ayed | management support, and
Organisational (2025); Bikwa & Bond-Barnard | organisational trust. Human
Readiness (2025); Torres et al. (2025); | oversight remains central to
Zhan et al. (2026) sustainable Al integration.
Theme 7: Ethics, | Governance, Miller et al. (2021); Bento et al. | Explainable Al

mechanisms, frameworks,

Ecosystems

Pfitzner et al. (2024); Zheng
(2024); Lin et al. (2025); Chong
et al. (2025); Yu et al. (2025)

Explainability, and | and Nyqvist et al. (2024); Tunji- | and smart contract
Governance transparency Olayeni & Adejola (2025); | redesign are essential to
Badhon et al. (2025); Shehadeh | mitigate bias and ensure
& Abuaddous (2025); Yu et al. | accountable and
(2025) transparent Al-driven
project decision-making.
Theme 8: | Cross-system Du (2021); Wang & Chen | Al integration with BIM, 10T,
Integrated Digital | integration (2023); Qiu et al. (2024); | digital twins, computer

vision, and smart contracts

enables real-time
monitoring, lifecycle
continuity, and
interoperable platform-

based project ecosystems.

Table 3: Concept Centric review

Building on the thematic synthesis presented in Table 2, an integrated framework is proposed to illustrate
the relationships between predictive analytics, decision support systems, human—Al interaction and

governance mechanisms within project management across the project lifecycle.
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Governance & ethical oversight — Transparency, bias

mitigation accountability

Human-Al interaction - Managerial judgement, explainability

& trust I

Decision support systems & Optimisation - Resource
allocation, scheduling optimisation, performance trade-offs

Al-based predictive pnalytics - Machine learning models,
forecasting (cost, schedule), risk prediction

Project Lifecycle Integration — Planning, Execution, Monitoring, Control

Figure 2: Integrated framework illustrating the relationship between Al-based predictive analytics,
decision support systems, human—Al interaction, and governance mechanisms across the project
lifecycle.

Figure 2 illustrates how Al-based predictive analytics functions as the foundational analytical layer,
enabling forecasting and risk prediction capabilities. These capabilities are operationalised through
decision support systems and optimisation models, while human—Al interaction ensures managerial
judgement and interpretability. Governance mechanisms provide oversight through transparency,
accountability, and bias mitigation. These components collectively operate across the project lifecycle,

supporting integrated and data-driven project management.
Results

Of the scholarly contributions identified and synthesised in Table 2, the literature spans publications
between 2020 and 2026, reflecting the rapid evolution of Al-based predictive analytics in project
management. The reviewed body of work demonstrated an acceleration in results after 2022 with a
strong concentration of studies emerging between 2024 and 2026. This surge corresponds with the
maturation of machine learning applications in construction and software engineering as well as the

emergence of generative Al, explainable Al (XAl) and governance-oriented framework in project
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environments. The dataset integrates conceptual frameworks, systematic literature reviews, empirical
modelling studies and optimisation research. Earlier contributions primarily focused on schedule delay
prediction and cost overrun estimation using traditional learning techniques (Moon et al., 2020; Gondia
et al.,, 2020; Yaseen et al., 2020). From 2022 onward, the literature diversified toward hybrid Al
architectures, ensemble learning, Bayesian modelling, reinforcement learning, and multi-objective
optimisation systems (Ashtari et al., 2022; Jha et al., 2023; Narbaev et al., 2024; Rafid et al., 2025). The
most recent wave of research (2024—2026) introduces generative Al agents, knowledge-graph—based
risk systems, explainability pipelines, and Al-integrated digital construction ecosystems (Ongbali et al.,
2025; Shehadeh & Abuaddous, 2025; Lin et al., 2025; Geamanu et al., 2026).

Geographically the literature reflects global engagement across developed countries and emerging
economies. Strong contributions emerge from Asia (China, South Korea, India, Malaysia), Europe
(United Kingdom, Germany, Romania, Italy, Switzerland), the Middle east (UAE, Jordan) North America
and Africa including South African empirical investigations into Al competence retention and
organisational readiness (Bikwa & Bond-Barnard, 2025; Makaula et al., 2021). Construction-intensive
economies dominate predictive modelling and BIM-integrated Al research, while European scholarship
demonstrates notable leadership in governance, explainability, and digital maturity studies (Mikhaylov
et al., 2023; Nyqvist et al., 2024; Yu et al., 2025). This geographical diversity underscores the cross-
sectoral and international relevance of Al-enabled project intelligence.

Al in project management
18
16
14
12

10

2020 2021 2022 2023 2024 2025 2026

Figure 3: Al in project management as a strategic analytical capability — Year of publication

It is therefore noted that Figure 3 illustrates the temporal evolution of Al-related scholarship in project
management between 2020 and 2026. The distribution reveals a marked acceleration from 2023

onwards, with 77% of the identified contributions emerging between 2023 and 2026.
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Semantic Analysis

Following the methodology outlined, a semantic analysis is conducted using VOS viewer (Van Eck &
Waltman, 2010) across 64 selected publications (2020-2026). Initially 159 publications were identified,
however the further review then identified a final number of 64 publications. Titles, abstracts, and key
contributions were analysed to identify dominant conceptual clusters aligned to the eight-theme
framework. After filtering generic terminology, 87 high frequency conceptual keywords were identified
and grouped into strategic clusters (see Figure 4). The analysis focused on thematic co-occurrence
patterns rather than bibliometric network strength, enabling interpretation with the structured eight them
model. To interpret Figure 4 note that node size corresponds to keyword frequency, while link strength
reflects thematic co-occurrence within the literature corpus. Only the strongest conceptual relationships
were synthesised to ensure analytical clarity. The top 10 dominant keywords include: “project
management” (48 occurrences),“machine learning” (41),“cost overrun” (36),“schedule delay” (34),“risk
prediction” (32),“decision support system” (27),“optimisation” (24),“explainable Al” (19),“generative Al”
(16),"BIM” (15).

Key Themes

A comparison of high-frequency terms reveals a clear concentration around predictive modelling and

performance optimisation. The strong visual clustering around “machine learning,” “cost controls,”

“performance,” and “risk mitigation” indicates that Al adoption is predominantly positioned as a

forecasting and control mechanism. The presence of “building information modelling,” “computer vision,”
and “big data” highlights the integration of Al within digital construction ecosystems. These terms cluster
closely with “information management,” reflecting the transition from standalone predictive models
toward platform-based intelligence systems. Additionally, the appearance of “multi-criteria decision-

"«

making,” “optimal controls,” and “software design” suggests growing attention toward intelligent
decision-support and optimisation frameworks. Compared to forecasting terms, however, these appear
slightly more peripheral, indicating that optimisation is an expanding but secondary stream. Governance-
related terms such as “bias” and “risk mitigation” are visible but less central, suggesting that ethical and

explainability discourse, while emerging, remains less dominant than technical modelling approaches.
Economic and Performance Considerations in Al Integration

Financial and performance-oriented terminology features prominently in the semantic structure.
Frequently occurring terms related to strategic project performance include: “cost control” (28),
“performance prediction” (25), “efficiency” (19), “budget forecasting” (17), “project success” (14),

“impact” (13). These patterns confirm that Al adoption in project management is predominantly framed
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as a mechanism for improving measurable project outcomes rather than purely organisational

transformation.
Thematic Clusters in the Vosviewer Map

The red cluster focuses on predictive performance intelligence and technical forecasting mechanisms.

” ”

This cluster includes highly connected terms such as “machine learning,” “cost controls,” “performance,”

and “risk mitigation.” The green cluster represents digital information management and BIM integration

within construction-oriented project environments. Frequently occurring terms in this grouping include

“information management,” “building information modelling,” and “computer vision.” The blue cluster

” o«

centres on optimisation and algorithm-driven control systems. Terms such as “optimal controls,” “random
forest,” and “multi-criteria decision-making” appear prominently within this cluster. The yellow cluster
emphasises strategic and managerial integration. Anchored around the dominant term “project
management,” this cluster links predictive modelling, optimisation frameworks, and information

management systems.

The semantic structure indicates that predictive analytics constitutes the analytical nucleus of Al-enabled
project management. It also depicts how Al has further progressed from isolated predictive modelling
tools toward integrated digital intelligence systems and, more recently, toward embedded decision-

support ecosystems aligned with organisational governance frameworks.

multi criteria decision-making

“ agile

b A w

bmldmg |nfor@on modelhng

computenvusﬁm’wa r%gagcrgent information
mformatloﬁ management

project &mana}eme‘ﬁ
mac&ehrﬁ' smre design

roads and stre% COS%‘IUO@ risk mitigation
random forest wﬁbrfemaﬁce
socioeconomic conditions optlmal CQntrols

artificial intelligence inpro
bias

Figure 4: Semantic Clustering of Keywords Related to Al in Project Management
(Source: VOS viewer)
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Discussion

The findings of this concept-centric review reveal that Al-based predictive analytics has transitioned from
experimental modelling applications toward an integrated intelligence layer embedded within project
ecosystems. Across the reviewed literature, three developments are evident: (i) the consolidation of
predictive modelling as a foundational analytical capability, (ii) the integration of optimisation and
decision support architectures, and (iii) the emergence of governance and Al systems. While the
literature demonstrates strong advancements in predictive modelling and optimisation techniques, there
remains a lack of empirical validation across diverse project contexts. Many studies rely on simulation-
based models, limiting generalisability. Furthermore, inconsistencies in terminology and methodological
approaches across disciplines contribute to ongoing fragmentation. This highlights the need for

standardised frameworks and longitudinal validation studies.

First, the review confirms that predictive analytics has become central to contemporary project
management practice. Empirical modelling studies consistently demonstrate that machine learning and
hybrid Al techniques outperform traditional delays and cost overruns (Moon et al., 2020; Gondia et al.,
2020; Darko et al., 2023; Narbaev et al., 2024). These findings align with earlier systematic reviews
suggesting that Al enhances forecasting accuracy in complex, uncertainty-rich project environments
(Taboada et al., 2023; Nenni et al, 2025). Second, studies incorporating genetic algorithms,
reinforcement learning, optimisation and multi objective balancing demonstrate improvements in
resource allocation and performance trade-off analysis (Salhab et al., 2023; Zhou & Zou, 2021; Jha et
al.,, 2023; Zhang, 2025). Third, adoption studies indicate the digital maturity, managerial trust and
competence retention mediate Al performance outcomes (Makaula et al., 2021; Bikwa & Bond-Barnard,
2025; Kumar et al., 2022). Furthermore, the rise of explainable Al and bias-mitigation frameworks signals
growing concern regarding transparency and accountability (Miller et al., 2021; Tunji-Olayeni & Adejola,
2025; Yu et al., 2025). This aligns with governance-oriented research advocating responsible Al
architectures in high-risk decision environments. Overall, the findings both concur with and extend
existing scholarship. They confirm the superiority of Al-based forecasting in complex project
environments, support the growing importance of optimisation-driven decision support, and highlight
governance as a critical enabling condition. At the same time, this review extends prior work by
synthesising predictive, prescriptive, generative, and governance dimensions into a unified framework,
revealing structural fragmentation across life-cycle phases and identifying ecosystem integration as the

next stage of maturity.

The integration of Al-based predictive analytics within project management offers organisations both
significant opportunities and complex governance challenges. As projects become increasingly data-

intensive and digitally interconnected, organisations must balance predictive intelligence capabilities
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with ethical governance (Moon et al., 2020; Yaseen et al., 2020; Darko et al., 2023; Narbaev et al.,

2024). At the same time literature emphasises that Al effectiveness is mediated by organisational

readiness, digital maturity and managerial trust (Miller et al., 2021; Nyquvist et al., 2024). This confirms

that Al augments rather than replaces project leadership functions (Aramali et al., 2024; Zhan et al.,

2026). The rapid emergence of generative Al systems further expands managerial implications,

increasingly support documentation, stakeholder communication and risk extraction processes (Dimitrov

et al., 2023; Ongbali et al., 2025; Schulze-Gonzalez et al., 2025). However, these systems do require

governance structures to mitigate bias, opacity and accountability risks (Tunji-Olayeni & Adejola, 2025;

Shehadeh & Abuaddous, 2025). Managers should therefore consider the following strategic

implications:

1. Al strategy development and integration

a.

Organisations should embed predictive analytics as a foundational analytical layer
across the entire project lifecycle rather than deploying isolated Al tolls for singular
functions.

Firms should integrate optimisation algorithms, simulation models and probabilistic
forecasting within executive DSS’s to enhance trade off analysis between cost,

time, quality and risk.

2. Human-Al collaboration and capability development

a.

b.

Organisations must prioritise explainable Ai mechanisms to ensure that predictive
outputs remain interpretable and trusted by project managers and stakeholders.
Investment in digital competence is essential to strengthen human-machine

collaboration and maintain professional judgement as the dental decision authority.

3. Ethical Governance and responsible Al implementation

a.

Firms should aim to implement bias mitigation frameworks, audit protocols and
transparency guidelines to ensure accountable Al use in high-risk project
environments.

Governance policies must address data privacy, accountability allocation and

contractual responsibility in Al-supported decision systems.

4. Digital ecosystem integration

a.

Organisations should align Al capabilities with BIM, loT, Digital twin and smart
contract infrastructure to enable real time lifecycle intelligence.
Strategic investment in interoperability standards and data governance frameworks

is necessary to support scalable and platform-based project ecosystems.

WOHLLEBE & ROSS

Discover publication opportunities:
www.wr-publishing.org



https://doi.org/10.51137/wrp.ijarbm.629
http://www.wr-publishing.org/

International Journal of Applied Research in Business and Management (ISSN: 2700-8983)
Volume: 07 Issue: 05 Year: 2026
https://doi.org/10.51137/wrp.ijarbm.629

Summary

The thematic synthesis presented in earlier sections enables the identification of key patterns, structural
gaps and emerging trajectories in Al-based predictive analytics within project management. The findings
demonstrate that the field has transitioned from exploratory experimentation toward more structured
analytical integration yet remains conceptually fragmented across technical, managerial and
governance domains. The increasing concertation of publication between 2020 and 2026 reflects
accelerating academic and industry interest particularly in schedule forecasting, risk prediction,
optimisation modelling and generative Al integration. However, despite this growth the literature remains
dispersed across disciplines including construction engineering, software project management,

operations research and information systems limiting theoretical consolidation.

Several overreaching conclusions emerge from the concept-centric analysis: First Al-based predictive
analytics has evolved from a supplementary analytical tool into a foundational capability embedded
within intelligent project ecosystems. Strategic investment in interoperability standards and data
governance frameworks is necessary to support scalable and platform-based project ecosystems. It is
therefore noted that predictive intelligence is reshaping project management from reactive monitoring
toward proactive anticipation. Secondly DSS’s increasingly integrate optimisation, simulation and
probabilistic modelling to enhance managerial trade-ff analysis. These systems improve speed,
consistency and data driven reasoning. However, it is noted their effectiveness is strongly mediated by
human judgement, trust and organisational readiness. The literature consistently confirms that Al
augments rather than replaces project managers, reinforcing the importance of socio-technical
integration frameworks. Thirdly, the rise of generative Al and large language model-based assistants
marks a significant shift in recent scholarship. These systems extend predictive analytics into
documentation automation, knowledge extraction and agile planning environments. While promising,
empirical validation of long-term performance impacts remains limited indicting an emergent but still
stabilising research frontier. Fourthly ethical governance transparency and bias mitigation remain
underdeveloped relative to technical innovation as accountability, contractual redesign and regulatory
alignment are still evolving. As predictive analytics become embedded within digital ecosystems which
include BIM, loT enabled monitoring, digital twins and smart contracts ethical oversight becomes

structurally indispensable.

Despite its contributions, this study has several limitations. The review relied primarily on peer-reviewed
journal articles within major academic databases, potentially excluding relevant grey literature, industry
white papers and technical reports that may contain applied insights. The concept centric approach
prioritised thematic clustering over individual study evaluation, which may obscure nuanced

methodological differences across empirical investigations. Furthermore, the rapid evolution of
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generative Al technologies means that publications from 2025-2026 represent early-stage assessments
rather than mature longitudinal evaluations. Methodologically while the review integrates qualitative and
quantitative studies, the field itself remains heavily skewed toward modelling and simulation-based
validation. Real-world longitudinal implementations of Al-driven predictive systems remain comparitively
scarce. This limits the ability to draw definitive conclusions regarding sustained performance
improvement across diverse project context. Additionally, inconsistent terminology across construction

and software domains may have introduced classification ambiguities during thematic grouping.

Future research therefore may address several priority areas such as (i) there is a need for longitudinal
validation studies assessing performance outcomes of Al-enabled project systems across multiple
project life cycle phases. Cross phases integration research should investigate how predictive analytics,
optimisation, generative Al, and governance mechanisms function as an interconnected system rather
than isolated applications. (ii) It should also explore hybrid human-Al decision architectures that balance
automation with professional expertise especially in high-risk megaproject and agile software
environments. Empirical studies examining competence retention, organisational maturity and change
management dynamics would strengthen and change management dynamics would strengthen
understanding of adoptive mechanisms. (iii) Finally integrated digital ecosystem represents a critical
frontier. The merging of predictive analytics with BIM, loT, digital twins, and blockchain-enabled smart
contracts requires unified theoretical models capable of capturing platform-based project intelligence
architectures. Interoperability standards, lifecycle data continuity, and multi-stakeholder governance

models warrant deeper examination to ensure scalable and ethically sound implementation.

This study provides a structured synthesis of Al-based predictive analytics in project management
through a concept-centric lens, demonstrating the transition toward intelligent, data-driven, and
increasingly platform-based project ecosystems. While technical innovation has advanced rapidly,
managerial integration, ethical governance, and systemic coherence remain ongoing challenges.
Advancing this domain will require coordinated efforts among researchers, practitioners, policymakers,
and technology developers to ensure that predictive intelligence enhances not only efficiency and

performance, but also transparency, accountability, and sustainable project outcomes.
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