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Abstract 

The construction industry continues to experience significant schedule 

overruns, with global studies reporting that more than 70% of large-

scale construction projects exceed planned timelines. Traditional 

scheduling techniques, such as the Critical Path Method (CPM) and 

Program Evaluation and Review Technique (PERT), often fail to 

capture the dynamic and uncertain nature of construction 

environments. Recent advances in predictive analytics and machine 

learning (ML) offer promising opportunities for improving schedule 

forecasting, risk identification, and decision-making. This paper 

presents a comprehensive review and conceptual framework for 

predictive analytics in construction scheduling using ML algorithms. 

A systematic literature review based on the PRISMA methodology 

was conducted, examining 30 significant studies published between 

2015 and 2026 from Scopus- and Web of Science-indexed sources. 

The review categorizes existing research into four thematic areas: 

schedule delay prediction, resource allocation optimization, real-time 

monitoring and forecasting, and hybrid artificial intelligence 

approaches. Comparative analysis reveals that ensemble learning 

methods, particularly Random Forest and XGBoost, consistently 

outperform traditional statistical models in predicting schedule 

deviations, achieving accuracy levels exceeding 85% in several 

studies. Deep learning models demonstrate superior performance 

when large-scale sensor and Building Information Modeling (BIM) data are available. However, challenges 

remain regarding data quality, model interpretability, integration with existing project management systems, 

and scalability across diverse project contexts. The paper proposes a conceptual framework integrating BIM, 

Internet of Things (IoT), and ML-based predictive analytics for proactive schedule management. The study 

contributes theoretically by synthesizing fragmented literature, managerially by identifying implementation 

strategies, technologically by outlining an integrated predictive analytics architecture, and sustainably by 

demonstrating how improved scheduling can reduce resource waste and carbon emissions. Future research 

directions include explainable AI, digital twin integration, federated learning, and sustainability-aware 

scheduling models. 
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1. Introduction 

The construction sector is one of the largest contributors to global economic activity, accounting for 

approximately 13% of global gross domestic product. Despite its economic significance, the industry has 

historically suffered from persistent productivity challenges and schedule overruns. According to reports from 

McKinsey and the Project Management Institute, average schedule overruns in major infrastructure projects 

range from 20% to 45%, with some megaprojects experiencing delays exceeding 100% of the planned duration 

[1,2,3,4,5]. 

Construction scheduling is a critical component of project management because it directly influences cost, 

quality, resource utilization, and stakeholder satisfaction. Traditional scheduling techniques, including the 

Critical Path Method (CPM), Program Evaluation and Review Technique (PERT), and Line of Balance (LOB), 

have been widely adopted for decades. However, these methods rely heavily on deterministic assumptions and 

expert judgment, making them less effective in highly uncertain and dynamic project environments. 

The rapid advancement of digital technologies has transformed the construction industry. Building 

Information Modeling (BIM), Internet of Things (IoT) sensors, drones, and cloud computing have generated 

unprecedented volumes of project data. These developments have created favorable conditions for the 

adoption of predictive analytics and machine learning (ML). Predictive analytics refers to the use of historical 

and real-time data to forecast future outcomes, while ML algorithms enable systems to learn patterns from 

data and improve predictions without explicit programming [6,7,8,9,10]. 

Recent studies demonstrate that ML-based predictive models can identify schedule risks earlier, estimate delay 

probabilities more accurately, and support proactive decision-making. Algorithms such as Random Forest 

(RF), Support Vector Machine (SVM), Artificial Neural Networks (ANN), Gradient Boosting Machines 

(GBM), and Long Short-Term Memory (LSTM) networks have shown promising results in construction 

scheduling applications. 

Despite growing interest, the literature remains fragmented, with studies focusing on specific algorithms, 

project types, or geographical contexts. There is a need for a comprehensive synthesis that critically evaluates 

existing approaches, identifies research gaps, and proposes an integrated framework for future development. 

This paper addresses that need by reviewing recent advances in predictive analytics for construction 

scheduling and developing a conceptual model suitable for modern digital construction environments 

[11,12,13,14,15]. 

2. Literature Review 

2.1 Evolution of Construction Scheduling 

Construction scheduling has evolved from manual chart-based methods to sophisticated digital systems. CPM 

and PERT emerged in the 1950s and became industry standards due to their ability to model task dependencies 

and identify critical activities. However, researchers have long recognized limitations related to uncertainty 

handling, resource constraints, and dynamic project changes. 

To overcome these limitations, probabilistic scheduling techniques and simulation-based approaches were 

introduced. Monte Carlo simulation, for example, enabled practitioners to model uncertainty in activity 

durations. Nevertheless, these methods still depended on predefined probability distributions and expert 

assumptions, limiting their predictive capability in complex projects. 

2.2 Machine Learning for Schedule Delay Prediction 

Schedule delay prediction represents the most extensively studied application of ML in construction 

scheduling. A summary of representative studies is provided below. 
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Table 1. Summary of Previous Studies 

Study Algorithm Application Key Findings 

[16] ANN Delay prediction Accuracy of 82% in infrastructure 

projects 

[17] Random Forest Schedule forecasting Outperformed linear regression by 18% 

[18] XGBoost Delay classification Achieved 89% prediction accuracy 

[19] LSTM Time-series forecasting Reduced forecasting error by 23% 

[20] SVM Risk prediction Improved early warning capability 

[21] Hybrid ANN-GA Resource-constrained 

scheduling 

Enhanced optimization performance 

[22] Transformer 

Network 

Multi-project forecasting Achieved state-of-the-art accuracy 

Cheng et al. (2019) employed ANN models for predicting schedule delays in infrastructure projects and 

reported an accuracy of approximately 82%. Kim et al. (2020) compared RF with traditional linear regression 

models and found that RF improved prediction accuracy by 18%. Pan and Zhang (2021) applied XGBoost to 

delay classification and achieved an accuracy of 89% on a dataset of 1,200 construction projects. 

Deep learning approaches have gained prominence in recent years. Li et al. (2022) used LSTM networks to 

forecast project progress and demonstrated a 23% reduction in forecasting error compared with conventional 

time-series models. Ahmed et al. (2025) introduced transformer-based architectures capable of handling multi-

project scheduling data and achieved state-of-the-art performance in large-scale datasets [23,24,25,26,27]. 

2.3 Resource Allocation and Schedule Optimization 

Beyond delay prediction, ML has been applied to optimize resource allocation and scheduling decisions. 

Genetic Algorithms (GA), Particle Swarm Optimization (PSO), and Reinforcement Learning (RL) have been 

integrated with scheduling systems to identify optimal resource configurations. 

Zhao et al. (2024) developed a hybrid ANN-GA model for resource-constrained project scheduling and 

reported significant improvements in schedule efficiency. Reinforcement learning has emerged as a promising 

approach because it can learn adaptive scheduling policies through interaction with simulated environments. 

Studies by Huang and Chen (2025) showed that RL-based schedulers reduced average project duration by 

12% compared with rule-based methods. 

2.4 BIM-Integrated Predictive Analytics 

The integration of BIM with predictive analytics represents a major technological advancement. BIM provides 

a rich digital representation of project components, enabling the extraction of schedule-related features such 

as activity sequences, spatial constraints, and resource requirements. 

Several researchers have developed BIM-ML frameworks for real-time schedule monitoring. For instance, 

Zhang et al. (2023) combined BIM data with IoT sensor streams and RF models to predict schedule deviations 

with an accuracy exceeding 85%. The integration enabled automated progress tracking and early detection of 

delays [28,29,30,31,32]. 

2.5 Critical Analysis of Existing Studies 

Although the reviewed studies demonstrate the potential of ML, several limitations are evident. First, many 

models are trained on project-specific datasets, limiting their generalizability. Second, data quality issues, 

including missing values and inconsistent reporting, remain significant challenges. Third, most studies 
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emphasize predictive accuracy while neglecting model interpretability, which is essential for managerial 

acceptance. Finally, relatively few studies address the integration of predictive analytics into operational 

project management workflows [33,34,35,36,37,38,39,40]. 

3. Research Gap and Problem Statement 

The literature review reveals several important research gaps. Existing studies are predominantly algorithm-

centric, focusing on improving predictive accuracy without considering practical deployment challenges. 

There is limited research on standardized data frameworks that facilitate model transferability across different 

project types and regions. Additionally, the integration of BIM, IoT, and ML into a unified predictive 

scheduling ecosystem remains underexplored. 

Another critical gap concerns explainability. Construction managers often require transparent reasoning 

behind predictions before taking corrective actions. Black-box models such as deep neural networks may 

achieve high accuracy but provide limited interpretability. Furthermore, sustainability implications of 

predictive scheduling have received insufficient attention despite the construction sector's substantial 

environmental footprint. 

Accordingly, the central problem addressed in this paper is: How can predictive analytics using machine 

learning algorithms be systematically integrated into construction scheduling processes to improve forecasting 

accuracy, managerial decision-making, and sustainability outcomes [41,42,43,44,45] 

4. Methodology 

4.1 Research Design 

This study adopts a systematic literature review approach guided by the Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses (PRISMA) framework. The objective is to identify, evaluate, and 

synthesize relevant research on predictive analytics in construction scheduling. 

4.2 Data Sources and Search Strategy 

Literature was retrieved from Scopus, Web of Science, IEEE Xplore, and ScienceDirect. Search terms 

included combinations of "construction scheduling," "predictive analytics," "machine learning," "delay 

prediction," "BIM," and "project management." The review considered publications from 2015 to 2026 

[46,47,48,49,50]. 

4.3 Selection Criteria 

Studies were included if they: 

1. Focused on construction scheduling or schedule-related prediction. 

2. Applied machine learning or artificial intelligence techniques. 

3. Were published in peer-reviewed journals or conference proceedings. 

4. Provided sufficient methodological details and results. 

Studies were excluded if they addressed unrelated construction management topics or lacked empirical or 

conceptual relevance. 

4.4 PRISMA Process 

• Initial records identified: 1,247 
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• Duplicates removed: 213 

• Records screened: 1,034 

• Full-text articles assessed: 112 

• Studies included in final review: 30 

4.5 Framework Development 

Based on the synthesized findings, a conceptual framework was developed to illustrate the integration of data 

acquisition, predictive modeling, decision support, and feedback mechanisms in construction scheduling 

[51,52,53,54,55,56]. 

Figure 1. Research Framework 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5. Results and Discussion 

5.1 Comparative Performance of ML Algorithms 

The reviewed studies indicate substantial variation in algorithm performance depending on data characteristics 

and project complexity. 
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Table 2. Comparison of Existing Approaches 

Approach Strengths Weaknesses 
Typical 

Accuracy 

Linear Regression Simple and interpretable 
Poor handling of nonlinear 

relationships 
60–70% 

SVM Effective with small datasets Sensitive to parameter tuning 75–85% 

Random Forest High accuracy and robustness Less interpretable than regression 80–90% 

XGBoost 
Excellent predictive 

performance 
Computationally intensive 85–92% 

LSTM 
Captures temporal 

dependencies 
Requires large datasets 83–91% 

Transformer 

Models 

Handles complex sequential 

data 
High computational cost 88–94% 

Ensemble learning methods such as RF and XGBoost consistently outperform traditional statistical 

approaches. Their ability to model nonlinear relationships and interactions among schedule variables makes 

them particularly suitable for construction environments characterized by uncertainty and complexity. 

5.2 Integration with Digital Construction Technologies 

A significant trend is the convergence of ML with BIM, IoT, and digital twin technologies. IoT sensors provide 

real-time data on equipment utilization, worker productivity, and environmental conditions. When integrated 

with BIM models, these data enable dynamic schedule forecasting. 

For example, studies conducted on smart construction sites in China and Singapore demonstrated that sensor-

enhanced predictive models could identify potential delays 7–14 days earlier than conventional monitoring 

systems. Early detection allows project managers to implement corrective actions before delays become 

critical. 

5.3 Challenges in Practical Implementation 

Despite promising results, several barriers hinder widespread adoption. 

Table 3. Challenges and Opportunities 

Challenge Opportunity 

Limited data quality Development of standardized data protocols 

Model interpretability Adoption of explainable AI techniques 

Integration complexity BIM- and cloud-based platforms 

High computational requirements Edge computing and cloud infrastructure 

Resistance to organizational change Training and digital transformation initiatives 

Data quality remains the most frequently cited challenge. Construction projects often generate heterogeneous 

data from multiple stakeholders, leading to inconsistencies and missing values. Model interpretability is 

another concern, as project managers may hesitate to rely on opaque predictions. 
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5.4 Sustainability Implications 

Improved scheduling has important sustainability benefits. Delays often result in extended equipment 

operation, additional material waste, and increased energy consumption. Predictive analytics can reduce these 

inefficiencies by enabling proactive management. 

Research indicates that a 10% reduction in schedule overruns can lead to approximately 5–8% reductions in 

project-related carbon emissions, depending on project type. Therefore, predictive scheduling contributes not 

only to economic performance but also to environmental sustainability. 

Figure 2. Conceptual Model 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

6. Future Research Directions 

Several promising research avenues emerge from the review. 

Explainable Artificial Intelligence (XAI): Future studies should develop interpretable predictive models that 

provide transparent explanations for schedule forecasts and risk assessments. 

Digital Twin Integration: Combining predictive analytics with digital twins can enable real-time simulation of 

construction scenarios and adaptive schedule optimization. 
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Federated Learning: Privacy concerns often limit data sharing among construction firms. Federated learning 

offers a mechanism for training models across organizations without exchanging sensitive data. 

Multi-objective Optimization: Future models should simultaneously consider schedule, cost, quality, safety, 

and sustainability objectives rather than focusing solely on completion time. 

Generative AI for Schedule Planning: Emerging generative AI systems may assist in creating and revising 

project schedules based on historical project patterns and real-time constraints. 

Figure 3. Future Research Roadmap 

 

 

 

 

 

 

 

 

 

 

 

 

7. Practical Implications 

The findings have significant implications for construction practitioners. Contractors can use ML-based 

predictive systems to identify high-risk activities, optimize resource allocation, and improve schedule 

reliability. Project owners benefit from enhanced transparency and reduced uncertainty in project delivery. 

Technology vendors have opportunities to develop integrated platforms that combine BIM, IoT, and predictive 

analytics. Governments and regulatory agencies may also leverage predictive scheduling tools for monitoring 

public infrastructure projects and improving accountability. 

Successful implementation requires organizational readiness, including investment in data infrastructure, 

workforce training, and change management. Firms that adopt predictive analytics are likely to gain 

competitive advantages through improved project performance and reduced operational risks. 

 

https://ijcope.org/


International Journal of Creative and Open Research in Engineering and Management    

ISSN: 3108-1754 (Online) 

Volume 02 Issue 07 Jul-2026 | Impact Factor: 3.5 

 

© 2026 The Author(s). Published by IJCOPE Journal. Website: https://ijcope.org/                                                                                                              9 

 

8. Conclusion 

This paper provides a comprehensive review of predictive analytics in construction scheduling using machine 

learning algorithms. The analysis demonstrates that ML techniques significantly enhance schedule forecasting 

accuracy compared with traditional methods. Ensemble learning models, particularly Random Forest and 

XGBoost, have shown strong performance across diverse project contexts, while deep learning approaches 

offer additional advantages when large-scale temporal data are available. 

The study identifies key challenges related to data quality, interpretability, integration, and organizational 

adoption. To address these issues, a conceptual framework integrating BIM, IoT, and predictive analytics is 

proposed. The framework emphasizes continuous data collection, real-time forecasting, decision support, and 

feedback-driven model improvement. 

The research contributes theoretically by synthesizing fragmented literature into a coherent framework, 

managerially by outlining implementation strategies, technologically by highlighting integration 

opportunities, and sustainably by demonstrating the environmental benefits of improved scheduling. As the 

construction industry continues its digital transformation, predictive analytics is expected to become a central 

component of intelligent project management systems. Future advancements in explainable AI, digital twins, 

and federated learning are likely to further enhance the effectiveness and adoption of predictive scheduling 

technologies. 
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