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Abstract— This research paper explores the application of the Program Evaluation and Review 

Technique (PERT) and Critical Path Method (CPM) in construction engineering, with a focus on 

the emerging role of Artificial Intelligence (AI) in enhancing these project management tools. By 

examining traditional practices and recent technological advancements, we analyze how AI 

revolutionizes the construction industry's project planning, scheduling, and control approach. The 

study highlights the benefits, challenges, and potential future developments in this rapidly evolving 

field. This paper also aims to highlight how to use the PERT and CPM by integrating artificial 

intelligence to reduce the planning time and to achieve the effective scheduling through PERT and 

CPM network techniques. The use of AI with PERT and CPM has enhanced the probability of 

success, reduced the risk of failure or delay, ensured timely completion of the project, optimum 

resource utilization and improved the real-time forecasting.  
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I. INTRODUCTION 

Effective project management is crucial for successful project delivery in the complex and dynamic 

landscape of construction engineering. PERT and CPM have long been fundamental management 

tools for project planning and control. Planning, Scheduling (or organizing), and Controlling a 

project is seen as fundamental and complex managerial activities for a manager. One of the most 

critical difficulties confronting technical management today is the synchronization of several 

separate operations toward a unified goal. As the industry faces increasing complexity and demands 

for efficiency, these traditional methods are being augmented and, in some cases, transformed by 

AI-driven solutions. Effective project management requires managing project length to reduce 

overall project time and cost. Project managers always use the Project Evaluation Review Technique 

(PERT) and the Critical Path Method (CPM) to break down big, complicated tasks into sub-

activities, deploy resources, and manage the project cycle in order to minimize the overall cost and 

time of the project. This paper aims to provide a comprehensive overview of how PERT and CPM 

are utilized in construction engineering and how AI is enhancing their capabilities. 
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2. PERT and CPM in Construction Engineering 

2.1 Program Evaluation and Review Technique (PERT) 

PERT is an event-oriented project scheduling technique developed in the 1950s. It is a project 

management tool used in construction engineering to plan, schedule, and control large and complex 

projects. PERT also helps in managing uncertainties in the project timeline by focusing on task 

duration estimation and identifying the critical path. It focuses on the relationship between the time 

each activity takes, the costs for each activity, and the resulting time and cost for the expected 

completion of the entire construction project[1]. PERT used three time estimates to calculate 

uncertainty and variability in the duration of project tasks.  

It used three time estimates to account for uncertainty and variability in the duration of project tasks.  

The three time estimates are: 

(1) Optimistic Time (O): It is the shortest time in which the task could be completed, assuming 

everything goes smoothly and no problems arise. It's the best-case scenario for task completion. 

(2) Pessimistic Time (P):This is the longest time the task might take, considering delays, 

obstacles, or unexpected issues that could arise. It's the worst-case scenario for task completion. 

(3) Most Likely Time (M): It is the time that is considered most realistic, based on typical 

conditions and expectations. It represents the best estimate of how long the task will take. 

.1.1 Key Features of PERT 

- Facilitates planning of large projects 

- Provides visibility of the critical path 

- Enables activity analysis 

- Enables resource allocation  

- Better risk management  

- Supports better coordination among project teams 

- Allows for "What-if" analysis[1] 

2.1.2 PERT Process 

1. Identify project activities 

2. Determine dependencies between activities 

3. Draw a PERT chart illustrating activities and dependencies 

4. Allocate optimistic, most likely, and pessimistic time estimates for each activity 

5. Calculate the Expected Time (TE) for every activity using the PERT formula i.e (O+ 4M +P)/6 

6. Conduct critical path analysis[7] 
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2.2 Critical Path Method (CPM) 

CPM is a project network analysis technique used to plan and control construction projects. It 

identifies critical path activities and shows the links between activities[3].It focuses on identifying 

the longest sequence of dependent tasks (the critical path) that determines the shortest possible 

project duration.  

2.2.1 Key Features of CPM 

- Uses a network diagram to illustrate major project activities 

- Assigns each activity a single fixed duration 

- Calculates the minimum time needed to complete a project 

- Determines possible start and end times for different activities[3] 

2.2.2 CPM Process 

1. Break down the project into individual work packages 

2. Create a project network showing activity sequences and dependencies 

3. Estimate the duration of each activity 

4. Identify the critical path - the longest sequence of dependent activities 

5. Calculate early start, early finish, late start, and late finish times for each activity 

6. Determine float times for non-critical activities[3] 

2.3 Applications of PERT and CPM in Construction 

PERT and CPM techniques are widely used in construction projects for: 

- Sequencing activities such as site preparation, foundation construction, and building erection 

- Optimizing construction schedules and resource allocation 

- Managing project timelines effectively 

- Identifying critical activities that require close monitoring 

- Facilitating effective resource management[4] 

3. The Role of AI in Enhancing PERT and CPM 

Artificial Intelligence is transforming the application of PERT and CPM in construction 

engineering, offering new capabilities and improving existing processes. It can significantly 

enhance their effectiveness by automating processes, improving decision-making, and optimizing 

resource allocation.  

3.1 Data-Driven Models 

AI harnesses vast amounts of historical and current data to create predictive models for construction 

projects. These models can analyze patterns from past projects, market trends, and various other 

factors to generate more accurate estimates and schedules[5]. 
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3.1.1 Big Data Analytics 

AI-powered systems can process and analyze enormous datasets, including historical project data, 

market reports, supplier information, and economic indicators. This comprehensive analysis enables 

more nuanced and context-aware project planning[5]. 

3.1.2 Predictive Modeling 

By leveraging advanced statistical techniques and machine learning algorithms, AI can develop 

sophisticated predictive models that account for complex interactions between various project 

factors. These models can adapt and improve over time as new data becomes available[5]. 

3.2 Machine Learning Algorithms 

Machine learning enables AI systems to continuously improve their estimations and scheduling by 

learning from new data and outcomes. This adaptive capability enhances accuracy over time and 

allows for more nuanced predictions[5]. 

3.2.1 Supervised Learning 

Supervised learning algorithms can be trained on historical project data to predict timelines and 

costs for new projects with similar characteristics. These algorithms can identify complex 

relationships between project features that may not be apparent to human planners[5]. 

3.2.2 Unsupervised Learning 

Unsupervised learning techniques can discover hidden patterns and clusters in construction data, 

potentially revealing new insights into project dynamics and similarities that can inform more 

accurate planning and scheduling[5]. 

3.3 Natural Language Processing (NLP) 

NLP allows AI to extract relevant information from textual documents such as contracts, 

specifications, and project reports, ensuring comprehensive data consideration in the project 

planning process[5]. 

3.3.1 Document Analysis 

NLP algorithms can rapidly scan and interpret large volumes of project documentation, extracting 

key information related to scope, requirements, and potential timeline implications[5]. 

3.3.2 Automated Report Generation 

NLP can be used to automatically generate detailed project schedules and reports, summarizing key 

findings and providing justifications for estimated timelines and critical paths[5]. 

4. Benefits of AI-Enhanced PERT and CPM in Construction 

The integration of AI with PERT and CPM techniques offers numerous advantages for construction 

project management: 
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4.1 Enhanced Accuracy 

AI-driven project planning has demonstrated remarkable improvements in accuracy, with some 

systems achieving up to 97% accuracy rates in cost and time estimations. This significant reduction 

in estimation errors can lead to more reliable project scheduling and reduced financial risks[5]. 

4.2 Time and Resource Savings 

The implementation of AI in project planning processes can lead to significant time and resource 

savings. AI can complete construction takeoffs and schedule analyses in a fraction of the time 

required for manual methods, with some systems capable of saving up to 90 minutes per sheet and 

resulting in 80% quicker takeoffs[5]. 

4.3 Improved Risk Management 

AI-powered PERT and CPM tools enhance risk management capabilities by identifying potential 

issues early and providing data-driven insights for mitigation strategies[5]. 

4.3.1 Early Risk Identification 

By analyzing historical data and project characteristics, AI can flag potential risks and challenges 

before they materialize, allowing for proactive risk management[5]. 

4.3.2 Scenario Analysis 

AI systems can rapidly generate and evaluate multiple project scenarios based on different risk 

factors, enabling more informed decision-making and contingency planning[5]. 

4.4 Real-Time Monitoring and Reporting 

AI facilitates real-time project monitoring, providing instant updates on progress, resource 

utilization, and potential risks. This enhanced visibility allows for timely interventions and 

adjustments to keep projects on track[5]. 

5. Challenges and Limitations 

While the integration of AI with PERT and CPM offers significant benefits, it also presents several 

challenges: 

5.1 Data Quality and Availability 

The effectiveness of AI in project planning heavily relies on the quality and quantity of available 

data. Ensuring comprehensive and accurate historical data remains a challenge for many 

construction firms[5]. 

5.2 Integration with Existing Systems 

Implementing AI solutions often requires significant changes to existing workflows and systems, 

which can be met with resistance and require substantial investment[5]. 

5.3 Skill Gap 

The adoption of AI technologies necessitates new skills and knowledge among construction 

professionals, creating a potential skill gap in the industry[5]. 
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6. Future Trends 

The field of AI-enhanced PERT and CPM in construction is rapidly evolving, with several emerging 

trends poised to shape the future of project management: 

6.1 Integration with Building Information Modeling (BIM) 

The integration of AI-powered PERT and CPM tools with Building Information Modeling (BIM) 

is expected to provide more accurate and dynamic project timelines throughout the project 

lifecycle[5]. 

6.2 Augmented Reality (AR) in Project Visualization 

AR technology is predicted to offer project managers and stakeholders a more immersive 

understanding of project timelines and dependencies, leading to more effective decision-making[5]. 

6.3 Sustainability Considerations 

Future AI-driven PERT and CPM tools will likely incorporate sustainability factors, considering 

long-term environmental impacts and optimizing project schedules for reduced carbon footprints[5]. 

  7. AI tool applications  in PERT/CPM 

AI tools are revolutionizing project management techniques like PERT (Program Evaluation and 

Review Technique) and CPM (Critical Path Method). Here are some practical applications of AI in 

PERT and CPM: 

 

AI-Powered PERT/CPM Chart Generation 

AI tools can quickly generate PERT and CPM charts based on project data input. For example, 

MyMap.AI's PERT Chart Maker allows users to input project timeline details and generate 

professional PERT charts in seconds[9]. This AI-assisted approach saves hours of manual work and 

complex tool navigation, making it easier for project managers to visualize project timelines and 

dependencies. 

 

7.1 Optimized Project Scheduling 

AI algorithms can analyze project data to optimize scheduling and resource allocation. ClickUp's 

AI Pert Path Generator uses advanced algorithms and machine learning to identify critical paths and 

map out the optimal sequence of activities[7]. This helps project managers: 

- Streamline workflows 

- Allocate resources effectively 

- Set realistic deadlines 

- Minimize project delays 
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7.2 Enhanced Risk Management 

AI can improve risk management in PERT and CPM by: 

1. Identifying potential risks and their impact on the project schedule 

2. Developing risk management plans with mitigation strategies 

3. Creating contingency plans based on historical data and current project parameters[5] 

 

7.3  Automated Progress Monitoring 

AI tools can continuously monitor project progress and compare it to the planned schedule. They 

can automatically identify delays or deviations from the plan, allowing project managers to take 

corrective action promptly[5]. 

7.4 Intelligent Resource Allocation 

By analyzing task dependencies and resource availability, AI can suggest optimal resource 

allocation strategies. This ensures that critical path activities receive priority and helps prevent 

bottlenecks[5]. 

7.6 Predictive Analytics 

AI-powered PERT and CPM tools can use historical project data and current progress to predict 

potential issues or delays. This allows project managers to proactively address problems before they 

impact the project timeline[8]. 

7.7 Real-Time Collaboration 

AI-enhanced project management platforms like Confluence use AI to improve team collaboration. 

These tools can automatically summarize action items, create meeting notes, and notify stakeholders 

about project-related tasks[10]. This ensures that all team members are aligned and up-to-date on 

project progress. 

By leveraging AI in PERT and CPM techniques, project managers can make more informed 

decisions, improve project efficiency, and increase the likelihood of successful project completion 

within the designated timeframe and budget. 

7.8 Using AI based PERT CPM editing tools, I have created a flow chart for the following 

problem statement. 

Project Objective: Construction of a Two-Storey Shopping Mall                                                                             

Timeframe: 5 weeks (35 calendar days)                                                                                                               

Purpose: To provide a framework for scheduling, monitoring, and controlling the project, 

including a network diagram, critical path identification, and Early Start (ES) / Early Finish (EF) 

times for each task. 
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Important Disclaimer: The 5-week (35-day) period that is being used here is merely meant to 

serve as an example of project management concepts. This kind of project in the real world would 

take a lot longer. This concept is predicated on a highly accelerated timetable with optimal 

efficiency and parallelism. 

1. Project Task List & Durations: Below is a brief list of tasks along with their projected days 

of completion and direct predecessors: Total Estimated Project Duration: 35 Days 

2. Network Diagram (Flow Chart) 

Task 

ID 

Task Name Duration 

(Days) 

Dependencie

s 

A Design, Permits, & Site 

Mobilization 

5 - 

B Foundation & Ground Floor Shell 10 A 

C First Floor Shell & Roof 

Construction 

10 B 

D Exterior Work & MEP Rough-in 7 C 

E Interior Finishing & Fit-out 7 C 

F Final Systems Check, Cleanup & 

Handover 

3 D, E 
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This network diagram, also known as an Activity-on-Node diagram or PERT chart, shows how 

tasks flow and are dependent on one another. Usually, tasks on the crucial route are shown by 

highlighting (all tasks are critical here). 

 
 

● Nodes represent tasks, showing Task ID, Name, Duration, ES, EF, LS, LF, and Slack. 

● Arrows indicate the sequence and dependencies between tasks. 

3. Critical Path Method Calculations (ES, EF, LS, LF, Slack) 

The Critical Path Method (CPM) estimates the earliest and latest that each activity can begin and 

terminate without extending the project's duration, as well as the longest path of scheduled 

activities to the project's completion. 

● ES (Early Start): The earliest an activity can begin once all predecessor activities are 

complete. 

● EF (Early Finish): The earliest an activity can be completed (ES + Duration). 

● LF (Late Finish): The latest activity can be completed without delaying the project's 

overall completion. 
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● LS (Late Start): The latest activity can begin without delaying the project's overall 

completion (LF - Duration). 

● Slack (Float): The amount of time an activity can be delayed without delaying subsequent 

activities or the project's final completion (LF - EF or LS - ES). 

 

Tas

k 

ID 

Durati

on 

Dependencie

s 

E

S 

E

F 

L

S 

L

F 

Slac

k 

Critica

l? 

A 5 - 0 5 0 5 0 Yes 

B 10 A 5 1

5 

5 1

5 

0 Yes 

C 10 B 1

5 

2

5 

1

5 

2

5 

0 Yes 

D 7 C 2

5 

3

2 

2

5 

3

2 

0 Yes 

E 7 C 2

5 

3

2 

2

5 

3

2 

0 Yes 

F 3 D, E 3

2 

3

5 

3

2 

3

5 

0 
Yes 



Copyright © | JET Network, All Rights Reserved 

 

1006  
  

Impact Factor : 7.665 

4. Identification of Critical Path 

A sequence of tasks that influence the project's total duration is known as the Critical Path. The 

project will be delayed if a critical path task is delayed. There is no slack in the tasks on the crucial 

path. 

 

In this simplified model, there are two critical paths, as both D and E must be completed before F 

can start, and they run in parallel after C: 

● Critical Path 1: A → B → C → D → F 

○ Total Duration: 5 + 10 + 10 + 7 + 3 = 35 days 

● Critical Path 2: A → B → C → E → F 

○ Total Duration: 5 + 10 + 10 + 7 + 3 = 35 days 

All tasks (A, B, C, D, E, F) are critical in this specific schedule. 

5. Monitoring and Controlling the Project 

Due to the extremely restricted schedule, stringent monitoring and controlling are required. 

 

Monitoring: 

● Daily Progress Tracking: Every day, compare job accomplishment to the baseline 

schedule (ES and EF dates). 

● Optimum Utilisation of Resources:Make sure that every resource—labor, supplies, and 

equipment—is available according to schedule and put to use effectively. 

● Quality Assurance: In order to prevent rework, which would be disastrous for the 

timeline, implement ongoing quality checks. 

● Risk Identification: Take proactive steps to detect any possible risks or obstacles (such as 

weather, equipment failure, or shortages of materials) that could lead to delays. 

● Communication: Communicate clearly and consistently with all parties involved (project 

team, contractors, suppliers). Coordination meetings should be held every day. 

Controlling: 

● Variance Analysis: Examine the difference between projected and actual progress. If 

there are variations, determine the reason promptly. 

● Corrective Actions: Take prompt remedial measures to get the work back on track. This 

could entail reallocating resources, approving overtime (if reasonable and planned), or 

accelerating tasks (if possible, enhancing parallelism). 

● Change Management: Keep scope modifications strictly under control. Unforeseen 

modifications may undoubtedly cause delays in such a short timeframe. 
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● Issue Resolution: Any problems or obstacles found should be addressed and resolved 

right away. 

Though a genuine project of this size would include hundreds of complicated jobs, more complex 

dependencies, and strong risk management procedures, this simplified plan offers a fundamental 

structure. 

 

      8. Conclusion 

The combination of Artificial Intelligence (AI) and traditional project management approaches such 

as the Program Evaluation and Review Technique (PERT) and the Critical Path Method (CPM) 

marks a significant step forward in the field of construction project management.  As AI 

technologies advance, they provide prospective solutions to many of the long-standing issues related 

with project planning, scheduling, and control.  AI algorithms, in particular, can increase the 

accuracy of time and cost estimates, optimize resources, and detect potential delays early on, 

enhancing project schedule reliability. 

Furthermore, AI-driven predictive analytics offer more informed decision-making by using 

historical and real-time data to forecast project performance outcomes with greater precision.  The 

automation of schedule adjustments using AI technologies lowers manual errors while increasing 

overall efficiency.  AI-enhanced PERT and CPM frameworks can give dynamic, real-time 

information about project status, resource utilization, and risk factors. 

Despite these advantages, the successful adoption of AI in construction project management 

requires ongoing investment in collecting data, system compatibility, and personnel training to 

successfully operate and interpret AI-based solutions.  Furthermore, concerns like as data protection, 

system integration, and technical adaptation must be solved to assure long-term use. 

However, the future of PERT and CPM in construction engineering is becoming increasingly linked 

with the strategic application of AI technology.  This convergence has the potential to not only 

improve existing approaches, but also to spur the development of novel frameworks that better 

address the complexities of modern building projects.  As a result, artificial intelligence has the 

potential to significantly improve project predictability, efficiency, and sustainability in the built 

environment. 
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