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. Decision Making Trial and Evaluation Laboratory of Fuzyy (FDEMATEL)
. Analytic Network Process of Fuzzy (FANP)

Public-Private Partnership (PPP)

. Changing government laws and regulations

. Legal/Institutional

. External Causes (Factors)
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9 Artificial Intelligence (Al)
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22 Actual Output or Target Variable

23 Training Dataset (Set)

2 Testing Dataset (Set)

2% Mean Decrease in Impurity (MDI)

% SHapley Additive Explanations (SHAP)
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. Machine Learning (ML)

. Naive Bayes (NB)

. Decision Tree (DT)

. Classification

. Input Variables

. Optimization of Setting Parameters (Tuning)
. Genetic Algorithm (GA)

. Base Model (Learner)

. Classification and Regression Tree (CART)
. Gradient Boosting (GBoost)

. Extreme Gradient Boosting (XGBoost)

. Bootstrap Aggregating (Bagging)

. Extra Trees (ET)

. Stacking

. Sample

. Pattern

% Hold-Out

%! Cross-Validation (K-Fold)

%2 Modified Sine Cosine Optimization Algorithm (MSCA)
%, Deep Recurrent Neural Network (DRNN)
4 Deep Neural Network (DNN)

% Association Rules (AR)

%, Fuzzy Delphi (FD)
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. Adaptive Neuro-Fuzzy Inference System (ANFIS)

. K-Nearest Neighbors (KNN)

. Support Vector Machine (SVM)

. Voting

. Categorical Boosting (CatBoost)

. Deep Multilayer Perceptron Neural Network (DMLP)

. Planned Duration (PD)

. Shallow Multilayer Perceptron Neural Network (SMLP)
. Feature Importance Scores (FIS)

. Resampling
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. Outlier

. Logistic Regression (LR)

. Radial Basis Function Network (RBFN)

. Fully Connected Neural Network (FCNN)

. Light Gradient Boosting (LGBoost)

. Mean Absolute Percentage Error (MAPE)
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Abstract

The innovation of this paper lies in its comparison of the most frequently cited external
legal/institutional and economic causes affecting the total duration and delays of construction
projects. This analysis employs two methods: A review of previous research, focusing on
seven studies from 2020. Second, a sensitivity analysis based on the results of an ensemble-
probabilistic prediction model: Natural Gradient Boosting (NGBoost-2020). The ensemble
approach offers superior estimation accuracy compared to single models, while the
probabilistic nature of NGBoost makes it well-suited for managing delays and uncertainties,
particularly in light of Iran's recent severe inflationary conditions. The inputs for the NGBoost
model include the presence or absence of the most common economic and legal/institutional
causes, analyzed across 65 models from previous studies (limited to 15 studies from 2020).
The target variable consists of the prediction accuracy percentage from those prior models.
The analysis identified several key factors influencing project duration and delays, including:
changes in government regulations, price fluctuations, delays in license issuance, exchange
rate fluctuations, and inflation. Additionally, the model presented in this paper achieved an
accuracy of 96.83% for the testing set, which is closely aligned with the 94.36% accuracy of a
previous model concerning the delays in Iran's dam construction projects. This suggests that
these factors substantially impact project delays, both in Iran and worldwide, as well as the
estimation accuracy of predictive models.

Keywords: Artificial Intelligence, Estimation of Total Duration and Delay, External
Legal/Institutional and Economic Causes, Iranian Construction Projects.



