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Research Goal
• Develop a Top-Down Project Duration Estimation Tool to estimate project 

duration during the pre-construction stage when a limited amount of project 
information is available.

Key idea: 
There is a strong correlation between project duration and key project 

characteristics such as estimated cost, and quantities of major work items.
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Top-Down Tool
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Data Collection 
• Bid tabulation data and daily work report data of 1,090 highway projects from 

2008 to 2019
• Data attributes: 

• Project #
• Project location
• Project type 
• Project year
• Work item quantities
• construction cost
• Project duration
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Project Attributes



Work Types
• Five most common project types account for 76% of all highway projects in 

MDT 
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Construction Cost Distribution
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• All project costs are adjusted to the base 
year of 2018 using the National Highway 
Construction Cost Index (HCCI) 

• Approximately half of the projects cost 
less than $2M

• 74% of projects are less than $4M
• 92% of projects are less than $10M
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Schedule Performance :  𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑−𝐵𝐵𝐵𝐵𝐵𝐵 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑
𝐵𝐵𝐵𝐵𝐵𝐵 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑
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Controlling Work items
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• Frequency analysis of controlling work items (from 1,090 projects)



Selection of Input Variables (Feature Selection)
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• 59 Variables

• Feature selection: Importance score of each variable in terms of project duration estimation
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Selection of Input Variables (Feature Selection)
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• Using all features does not guarantee the lowest MSE
• Select the best number of features: 26

• 26 features were selected including 
• Estimated construction cost (engineer’s estimate in new projects) 
• 25 controlling work items 
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Selection of Input Variables (Feature Selection)
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• 26 features were selected including 
• Estimated construction cost (engineer’s estimate) 
• 25 controlling work items 



Benefits of Artificial Intelligence (A.I.)
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• Capable of detecting complex patterns

• Especially in problems with many features

Different types of relationships between variables

AI capability in pattern recognition 



Performance of A.I. Models
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• The performance of AI is generally expected to perform better as the data size gets larger 
while traditional statistics-based methods tend to converge to a certain point and never 
improve.
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Artificial Neural Networks (ANN)
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Model Training
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Step 1: starting with random weights 

1,232,740

2,320

348

380

Step 2: based on the difference 
between the actual output and the 
model’s output, the weights are 
adjusted 

180

Model’s output: 380
Actual output: 137

Step 3: the process continues 
until weights are converged and 
the model’s output gets close to 
the actual output

142



Model Training
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• The goal is to determine final weights 

• The ANN model’s description:

Number of input features 26
Number of hidden layers 2
Number of output cells 1
Number of weights 68,000
Activation functions Relu, Sigmoid

Feature#1

Feature#2

Feature#3

Output

The ANN model receives input variables and 
gives the output

Black Box



Model Testing
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• The whole dataset is divided into 80% training dataset and 20% testing dataset. 

• Test dataset is used as unseen data to evaluate the performance of the model. 

• Mean Squared Error (MSE) is used as the metric for evaluation. 

Test datapoint i

Input: 
Engineer’s estimate: $44,785
Activity #1 amount:    1,087
Activity #2 amount:     453
…

output: 
Project duration: 37
Model’s output: 39



AI vs Regression Models
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• In addition to AI model, we have developed a regression model

• Regression model:

Y = b0 + b1*X1 + b2*X2 + … + bn*Xn   

Xi: ith input variable,  bi : ith coefficient , Y: output

Model MSE R-squared

ANN 0.0022 0.72

Linear Regression 0.0034 0.75

Final model comparison



MS Excel Tool :  AI-PDET
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General 
instructions 
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MS Excel Tool: AI-PDET 

Yellow cells are 
input variables 
that must be 
entered by the 
user

The output section 
provides the 
project duration 
estimates 
calculated with two 
methods
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Tool Maintenance and Database Update
• Data-driven prediction models may need to get updated over time and obtain new knowledge from recent 

projects to enhance prediction performance in the future 
• The appendix explains steps and processes that need to be taken to update the model and the Excel tool 

using new data
• Processes to update the tool:

• For detailed explanation of updating the tool, refer to the final report

Step1 

• Update 
historical 
data

Step 2

• Run the 
provided 
code

Step 3

• Update 
Excel 
tool



Thank you !

Questions and Comments

22


	Artificial Intelligence (AI) Driven Tool �for Project Duration Estimation
	Research Goal
	Top-Down Tool
	Data Collection 
	Work Types
	Construction Cost Distribution
	Project Schedule Performance
	Controlling Work items
	Selection of Input Variables (Feature Selection)
	Selection of Input Variables (Feature Selection)
	Selection of Input Variables (Feature Selection)
	Benefits of Artificial Intelligence (A.I.)
	Performance of A.I. Models
	Artificial Neural Networks (ANN)
	Model Training
	Model Training
	Model Testing
	AI vs Regression Models
	MS Excel Tool :  AI-PDET
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Recommendation #1
	Recommendation #2
	Recommendation #3

