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1 Introduction 
 
This configuration guide describes the process of configuring and operating the Early Dropout 

Prediction System that was created during the MSc research project. It describes the process of 

installing the necessary software, loading the OULAD dataset, performing the preprocessing 

processes, training the ML/DL models, and producing evaluation and explainability results. 
 

Using this manual, users are able to replicate the model results and can also process the system 

workflow without much difficulty. 

 

2 System Requirements 

2.1 Hardware Requirements 

Components Minimum Requirement 
Processor Intel i5/ AMD equivalent 

RAM 8 GB (Recommended: 16GB) 

Storage 5-10 GB free space 

System Type 64-bit Operating System 

2.2 Software Requirements 

Software Version 

Python 3.10.0 or higher 

Anaconda/Jupiter Notebook Latest Version 

Operating System Windows 10/11, macOS or Linux 

IDE  VS code / PyCharm 

2.3 Requited Python Libraries 

 NumPy 

 Pandas 

 Scikit – learn 

 Xgboost 

 Shap 

 TensorFlow 

 Matplotlib 

 Seaborn 
 

3 Software Installation & Environmental Setup 

3.1 Install Python /Anaconda 

Install either: 

 Anaconda Distribution or Python 3.10.0 
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3.2 Create a Virtual Environment 

 Open Anaconda Prompt on your terminal and run: 
 

conda create -n dropout_env python=3.10.0 
conda activate dropout_env 
 

3.3     Install Required Python Libraries 
 
pip install numpy pandas scikit-learn xgboost shap tensorflow matplotlib seaborn 

 

These libraries assist in preprocessing of data, training the model, evaluation and explainability. 
 

3.4    Launch Jupyter Notebook 

 
Start the notebook interface by running the below in cmd  

 
Jupiter notebook 
 

4  Dataset Configuration 
 
The project is based on the Open University Learning Analytics Dataset (OULAD), which comprises 
of student demographic information, virtual learning environment (VLE) clicks data and course 

registration data. 
 

4.1   Dataset Source 

 

Link:https://www.kaggle.com/datasets/anlgrbz/student-demographics-online-education-

dataoulad?resource=download 

 

4.2   Required Dataset Files 
 
Download the following csv files from the OULAD: 

 studentInfo.csv  

 studentVle.csv  

 studentRegistration.csv  
 

4.3   Choosing Dataset to add to Project Folder 
 
After downloading place all the three csv files in the same folder of the Jupiter Notebook. 
 

4.4   Description of Dataset Files 

 

 studentInfo.csv: Demographic information of students including gender, age band, highest 
education, disability and final result. 

 studentVle.csv: This file has daily click records that are used to calculate early engagement 
(total_click_early). 

 studentRegistration.csv: Includes data on registration and date_unregistration that are used 
to tag dropout. 

 

5   Implementation Overview 
 
In the following section, a situational overview of the steps needed to execute the early-dropout 
prediction system will be given. The execution commences with the importation of required Python 

libraries as well as loading of the OULAD data into the notebook. This data is then pre-processed and 

https://www.kaggle.com/datasets/anlgrbz/student-demographics-online-education-dataoulad?resource=download
https://www.kaggle.com/datasets/anlgrbz/student-demographics-online-education-dataoulad?resource=download
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processed with feature engineering, encoding and train-test splitting to generate a model-ready dataset 
that is clean. This data is used to train four predictive models, namely Logistic Regression, Decision 

Tree, XGBoost and ANN, and their performance is assessed by measuring metrics, ROC curves, and 
confusion matrices. SHAP explanations are created to understand model predictions and conclude risk 
scores are calculated in order to name high-risk students. The execution of each code block in the 

subsequent sections will replicate the entire system and produce all the needed outputs. 
 

6  Preprocessing 
 

6.1 Import Libraries  

 
Fig – 1 Importing necessary python libraries 

 

This cell downloads all the necessary Python libraries necessary to preprocess, train the model, 
evaluate the model, and explain the model. 
 

6.2 Load Datasets and output 

 
Fig – 2 Loading OULAD Dataset files into the dataset and Output 

 

The three csv files from OULAD are loaded into the pandas Data frames for further processing and 
viewing the output 
 

6.3 Features Engineering  
 

 
                                Fig – 3 Filtering first 28 days and aggregating early clicks per students 

 

This action narrows down VLE activity to the 28 days and sums up all clicks per student to form the 
feature total_clicks_early, which is an indicator of early student activity. 
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Fig – 4 Merging demographic with early clicks 

The data on early engagement is combined with the demographic one based on the student ID, 
module, and presentation and zero-click students are retained. 
 

 
Fig – 5 Adding registration and unregistration dates 

Registration information is incorporated into the data and any non-response values substituted in the 
data to verify the dropout labels. 
 

 

 
         Fig – 6 creating dropout label, preparing final modelling dataset and performing data quality check 

 

It is done by this step to form the dropped-out label, final features to model, missing categories filled, 
dataset quality checked and final clean dataset displayed. 
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Fig – 7 Code for Saving the final cleaned dataset to a csv file 

 

The next step saves a pre-processed dataset (model_data) as a CSV file so that one can reuse it when 
training and evaluating the model. 
 

6.4 Feature Encoding & Scaling 

 

 
Fig – 8 Encoding categorical features and scaling numerical features 

 

In this step, One-Hot Encoding is used on categorical data and Standard Scaling is used on numerical 
data through a Column Transformer 

 

6.5 Train–Test Split (80/20) 
 

 
Fig – 9 Splitting the dataset into training 80% and Testing 20% sets 

 

Stratified sampling is used to divide the dataset into the training and testing sets to ensure that the 

distribution of dropouts was similar across the splits. 
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7  Model Training  
 

7.1 Logistic Regression 

 
                                                    Fig – 10 Training the Logistic Regression model 

 

To deal with the dropout imbalance, Logistic Regression is trained as a baseline interpretable model 
with class weights. 

 

7.2 Decision Tree 

 
                                                        Fig – 11 Training the Decision Tree model 

 

The best depth and splitting parameters are identified with the help of a Decision Tree classifier, the 

cross-validation of 5-folding and the F1 score. 

 

7.3 XGBoost 

 
                                                              Fig – 12 Training the XGBoost model 

 

To deal with the imbalance between the dropout and non-dropout students, XGBoost is trained with 

hyperparameters that are fine-tuned and a scale_pos_weight value. 
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7.4 ANN (MLP) 

 

 
Fig – 13  Training ANN (MLP) Model 

 

The ANN is trained with two hidden layers using the same pre-processed features. Imbalance and 
overfitting are solved by use of class weights and early stopping. 

 

8. Model Evaluation 
 

The test data are tested against the trained models based on accuracy, precision, recall, F1 score and 

AUC. The screenshots below present the results of the evaluation and the ROC curves. 
 

8.1 Metrics Comparison Table 

  

 
Fig – 14 Evaluation metrics table for all trained models 
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All models are assessed based on Accuracy, Precision, Recall, F1 score, and AUC in this code and 

presented in one comparison table. 

 

8.2 ROC Curves Output 
 

Logistic Regression  

                         
           Fig – 15 LR ROC curve                                                                                             Fig – 16 Actual ROC curve image 

 

Decision Tree  

                           
           Fig – 17 DT ROC curve                                                                                              Fig – 18 Actual ROC curve image 

 

ANN (MLP) 

                              
      Fig – 19 ANN ROC curve                                                                                                     Fig – 20 Actual ROC curve image 

 

XGBoost 

                                
Fig – 21  XGBoost ROC curve                                                                                                    Fig – 22 Actual ROC curve image 



9 
 

 

9. Confusion Matrices 

 
 

 

 

 

 
                       Fig -23 Code for generating confusion matrices for all models 

 

9.1 Confusion Matrix Output  

 

                 
                       Fig – 24 Confusion Matrix for LR                                                       Fig – 25 Confusion Matrix for DT 

 

 

 

                    
                         Fig – 26 Confusion Matrix for XGBoost                                               Fig – 27 Confusion Matrix for ANN 
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10. Explainability (SHAP) 
 

10.1 SHAP Setup (XGBoost) 

 

 
            Fig – 28 Code for Preparing SHAP explainer for the tuned XGBoost model 

 

It is a SHAP explainer of the XGBoost model and it calculates SHAP values on a sample of training 

records. 

 

10.2 SHAP Global Feature Importance (Bar Chart) 

 

 
                               Fig – 29  Bar chart 

 

 
                                                              Fig – 30 SHAP Bar Chart 
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10.3 SHAP Summary (Beeswarm Plot) 

 
                      Fig – 31 Code for Beeswarm 

  

 
                                                                    Fig – 32 SHAP Beeswarm pot for XGBoost model 

 

10.4 Model Comparison Summary 

 

 

 
                           Fig – 33 Code for comparison summary and model comparison Table 
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                                                    Fig – 34 Model comparison 

 

11. Early Risk Stratification (High/Medium/Low) 

 
11.1 Selecting the best model and getting probabilities 

 
           Fig -35 Code for selecting the best model and computing dropout probabilities 
 

11.2 Creating Risk Data frame & Risk Levels 

 

 
 
                              Fig – 36 Code for Building the risk table and risk level 
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11.3 Top 50 High – Risk Students 

 
                                      Fig – 37 Code for generate the top 50 high risk student table 
 

11.4 Overall Risk Distribution in Test Set 

 

 
                                               Fig – 38 Code to Calculate the overall risk distribution in the test set 
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