
PRO points project
For MIS2502

Overview and Purpose:
The goal of this project is to provide MIS students with additional hands-on experience in data analysis and reinforce the concepts and methods covered in class. 
For this project, students should find a new suitable dataset on the internet (that was never used in the class before) and apply Decision Tree analysis to build the prediction of the outcome variable. The process should be very similar to the regular assignment on Decision Trees (i.e., start with the same Jupyter Notebook) but applied to a new dataset.  

Requirements: 
To successfully complete this assignment, students must: 
1. Describe the Data: Select a dataset and describe the outcome variable and features for prediction. Explain how the outcome variable relates to the features and what insights can be gained from analyzing the data. 

Data Source: I used the Breast Cancer Wisconsin (Diagnostic) dataset, which includes clinical features of cell nuclei from digitized images of fine needle aspirates (FNA).  

Target Variable: The dependent variable is a binary categorical variable: Malignant (0) or Benign (1).  

Predictors: The key features used in this model are mean radius, mean texture, mean perimeter, mean area, and mean smoothness.  

Relationship and Insights: Size and texture of the cell nuclei is a good predictor of malignancy in clinical diagnosis. Typically, higher values for area and perimeter are associated with malignant tumors, while smaller and smoother nuclei are observed in benign tumors. Examination of these features in a decision tree allows us to determine the points at which a combination of features (e.g., large perimeter but small texture) will push the diagnostic probability in one direction.

2. Find the Best Value for Minimum Split: Use the decision tree algorithm to find the best value for the minimum split for the dataset. Explain your reasoning for selecting the optimal value. 

I experimented with various values of the min_samples_split hyperparameter, to determine the optimal level of generalization to new data.  
Optimal Value: 20.  
Reasoning: Setting this value at its minimum (min_split = 2) resulted in overfitting, with a 100% accuracy on the training set and a 90.3% accuracy on the test set. This indicates that the tree was overfitting to the training data.  A higher setting of 20 yielded the best test accuracy (93.9%). This led to a small difference between the training and test accuracy (94.5% vs 93.9%), suggesting that it was able to learn the underlying structure of the data without overfitting it. Increasing the value even further (50, 100) led to underfitting, with lower accuracy because the tree was unable to capture complexities.

3. Find the Node with the Highest and Lowest Probability: After building the decision tree model, identify the node with the highest and lowest probability. Explain what insights can be gained from analyzing these nodes and how they relate to the outcome variable and features. 

Once I constructed the optimal tree, I looked for the most "pure" leaf nodes.  
Highest Probability Node (Benign): The first node is reached when the average perimeter is lower than the initial threshold, and average texture is as well. This segment has a probability of 100% for being benign.  
Highest Probability Node (Malignant): Mean perimeter is high (above 110) and mean area is high. This group has a probability of nearly 0% for benign disease, and is therefore almost definitely malignant.  
Insights: Examination of these nodes shows that the most important initial features are size-related (perimeter and area). But for "borderline" cases with moderate perimeter, the secondary feature of texture is the key for final prediction.
4. Provide at least 4 examples of data points and use the tree to predict the outcomes.
	Example
	Feature Values (Radius, Texture, Perimeter, Area, Smoothness)
	Predicted Class
	Actual Class
	Result

	1
	[12.47, 18.60, 81.09, 481.9, 0.099]
	0 (Malignant)
	1 (Benign)
	Incorrect

	2
	[18.94, 21.31, 123.6, 1130.0, 0.090]
	0 (Malignant)
	0 (Malignant)
	Correct

	3
	[15.46, 19.48, 101.7, 748.9, 0.109]
	0 (Malignant)
	0 (Malignant)
	Correct

	4
	[12.40, 17.68, 81.47, 467.8, 0.105]
	1 (Benign)
	1 (Benign)
	Correct




What to submit to Canvas:
a. Your dataset.
b. Your Jupyter Notebook.
c. A Word document with answers to questions 1-4. 

When you are ready to request your PRO points, do the following:
1. Make sure that you have uploaded your work to the canvas class. 
2. Log in to the https://community.mis.temple.edu/ site. Open your Dashboard. Open “Professional Achievement Points” and “Add New”.  Select the option to submit a PRO point request relevant to this course, MIS2502. Your PRO points request should include a brief description of your work and your data.

Evaluation:
Students will receive 0, 25, or 50 PRO points based on the instructor’s assessment of their work.
The deadline is Friday, May 1st 
