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Online Retail Customer Churn Data Mining Analysis
[bookmark: _Toc237587695]1 Purpose and Practice of Data Mining

We are using data mining to analyse analysing large amounts of data to find useful patterns, trends and relationships. This combines statistics, machine learning and database methods to help companies understanding the data that they have and make better decisions [1]. Businesses use data mining for for customer analysis, sales prediction, fraud detection, recommendation systems, market segmentation and customer retention.
Retail collects a lot of information from sales customer accounts, loyalty schemes, marketing emails and customer support. When this data is analysed, it helps understand customer behaviour and to help businesses decide where to focus their efforts.
Data mining creates a churn prediction which means that when a customer stops buying from a business or becomes inactive.  The churn is trying to identify customers who may leave so that the business can contact them or offer incentives before they are lost.
There are also classification methods that can be used to predict customers that will churn and clustering can be used to create groups of customers who have similar behaviours or spending patterns. These two methods can help the management to understand customers behaviour and develop marketing strategies. However, the results must be checked carefully because a weak model can lead to poor decisions and wasted marketing costs [2].
While doing this analysis, I have used Weka  to test several classification methods, including ZeroR, Logistic Regression, J48 and Random Forest. I have also used  K-Means clustering to look for customer groups based on spending, behaviour and engagement.
[bookmark: _Toc237587696]2 Dataset Description and Exploration
The Online Retail Customer Churn Dataset contains 1,000 customer records and 15 original attributes. The attributes include demographic, financial, spending and behavioural information.
The original attributes are:
· Customer_ID
· Age
· Gender
· Annual_Income
· Total_Spend
· Years_as_Customer
· Num_of_Purchases
· Average_Transaction_Amount
· Num_of_Returns
· Num_of_Support_Contacts
· Satisfaction_Score
· Last_Purchase_Days_Ago
· Email_Opt_In
· Promotion_Response
· Target_Churn
[image: ]Pic 1. Original Online Retail Customer Churn dataset loaded in Weka Explorer.
The dataset contains both numeric and categorical attributes. Numeric values include age, income, total spend, years as a customer, number of purchases, average transaction value, number of returns, number of support contacts, satisfaction score and days since the last purchase.
The must-have variables include gender, email opt-in, promotion response and the churn result.
No missing values have been found in the dataset, which meant that no replacement or deletion of missing records was needed.
The class variable, Target_Churn, is quite balanced. Have been found 526 customers marked as churn=True and 474 marked as churn=False.
[image: ]Pic 2 . Distribution of Target_Churn in Weka.
This shows that 52.6% of customers churned and 47.4% did not churn. The difference between the two groups is small, so that means that there was no serious class imbalance.
Some of the main summary statistics are shown below.
	Attribute
	Mean
	Minimum
	Maximum

	Age
	43.27
	18
	69

	Annual Income
	111.96
	20.01
	199.73

	Total Spend
	5,080.79
	108.94
	9,999.64

	Years as Customer
	9.73
	1
	19

	Number of Purchases
	49.46
	1
	99

	Average Transaction Amount
	266.88
	10.46
	499.57

	Number of Returns
	4.61
	0
	9

	Support Contacts
	1.93
	0
	4

	Satisfaction Score
	2.97
	1
	5

	Days Since Last Purchase
	182.89
	1
	364


[image: ]Pic 3. Total Spend distribution and summary statistics in Weka.
The total spent values range from 108 to 9,999, with an average of about 5,080.
In the first phase, there were no clear differences between customers who churned and customers who stayed. This suggested that the available variables might not be strong enough to predict churn precisely.
[bookmark: _Toc237587697]3 Data Pre-processing and Post-processing
Before running the models, the dataset was checked and prepared for analysis.
The first step was to check for missing values. Weka has shown us that there are no missing values in the attributes, so no changes like adding or replacing had to be made.
The next step has been to review the attributes and decide which ones should be used in the models. Customer_ID was removed before classification because it is only an identifier. It does not describe customer behaviour, spending or engagement. Including it could create random patterns that have no real meaning for churn prediction.
The target variable, Target_Churn, was kept as the class variable for classification.
Figure 1 shows the original dataset with 15 attributes, while the classification models were run after Customer_ID had been removed.
The categorical variables were left as nominal values because Weka can work directly with these types of attributes. This included Gender, Email_Opt_In and Promotion_Response.
The class balance was also checked. Because the dataset has 52.6% churn and 47.4% non-churn, the classes are already close to equal. This is the reason why methods such as oversampling, undersampling or SMOTE were not needed.
Feature engineering was limited because the dataset already includes useful measures such as total spend, number of purchases, average transaction amount, satisfaction and days since the last purchase.
However, in a future project, extra variables could be created, for example:
· change in spending over time
· change in purchase frequency
· number of purchases in the last 30 or 90 days
· spending trend
· customer activity trend
These could possibly improve churn prediction.
For clustering, both Customer_ID and Target_Churn were excluded.
Customer_ID was excluded because it is only an identifier. Target_Churn was also excluded because clustering should group customers based on their characteristics rather than using the known churn result.
The K-Means clustering therefore used customer information such as age, income, total spend, purchase frequency, returns, support contacts, satisfaction, recency, email opt-in and promotion response.
After the models were run, the results were compared using several measures.
For classification, the main measures were:
· accuracy
· precision
· recall
· F1-score
· ROC AUC
· confusion matrix
These results were compared with ZeroR, which was used as a baseline model.
For clustering, the main focus was on the cluster sizes, the cluster centroids and the visual separation between the customer groups.
The final results showed that the classification models were weak and the clusters were not strongly separated. This was important because the aim was not simply to produce a model, but to understand whether the model was actually useful.
[bookmark: _Toc237587698]4 Sample Runs and Analysis Methods
The main analysis was completed in Weka Explorer.
Four classification methods were tested:
· ZeroR
· Logistic Regression
· J48 Decision Tree
· Random Forest
We have tested all classification Models by using 10-fold cross-validation.
In the 10-fold cross-validation, the dataset is divided into 10 parts. Nine parts are used for training and one part is used for testing. This process is repeated until each part has been used once as test data.
This gives a better idea of how the model may perform on new data.
ZeroR
ZeroR was used as the baseline model.
ZeroR does not use any of the customer attributes. It simply predicts the majority class.
In this dataset, the majority class is churn=True.
[image: ]Pic 4. ZeroR baseline classification using 10-fold cross-validation.
ZeroR has classified correctly 526 out of 1,000 customers and that gives us an accuracy of 52.6%.
This result is very important because the other models should perform better than this as this is the lowest level.
Logistic Regression
Logistic Regression has been chosen because the target variable has only two outcomes: churn or non-churn.
This is a method commonly used in classification that only have 2 outcomes and can estimate the probability of a customer belonging to one of the two classes.

[image: ]Pic 5. Logistic Regression using 10-fold cross-validation after removing Customer_ID.
The Logistic Regression results that we got were:
· Accuracy: 46.9%
· Precision: 0.496
· Recall: 0.650
· F1-score: 0.563
· ROC AUC: 0.448
The confusion matrix showed:
· 342 churn customers correctly predicted
· 184 churn customers predicted as non-churn
· 347 non-churn customers predicted as churn
· 127 non-churn customers correctly predicted
The recall was higher than some of the other results, but the overall accuracy was poor. The model also performed worse than ZeroR.
J48 Decision Tree
J48 has been chosen because decision trees are easy to understand and can show how different customer attributes are used to make predictions.
[image: ]Pic 6. J48 Decision Tree using 10-fold cross-validation after removing Customer_ID.
The J48 results were:
· Accuracy: 50.3%
· Precision: 0.527
· Recall: 0.546
· F1-score: 0.536
· ROC AUC: 0.494
The confusion matrix showed:
· 287 churn customers correctly predicted
· 239 churn customers predicted as non-churn
· 258 non-churn customers predicted as churn
· 216 non-churn customers correctly predicted
The J48 model created 148 leaves and the size of the tree was 285.
[image: ]Pic 7. J48 decision tree produced in Weka.
The tree is quite large and complex, but its prediction performance is still weak. This suggests that the model is finding many small rules without finding a strong overall churn pattern.
Random Forest
Random Forest was chosen because it combines many decision trees instead of depending on one tree only. This can often improve prediction and reduce overfitting [3].
[image: ]Pic 8. Random Forest using 10-fold cross-validation after removing Customer_ID.
The Random Forest results were:
· Accuracy: 51.3%
· Precision: 0.531
· Recall: 0.629
· F1-score: 0.576
· ROC AUC: 0.505
The confusion matrix showed:
· 331 churn customers correctly predicted
· 195 churn customers predicted as non-churn
· 292 non-churn customers predicted as churn
· 182 non-churn customers correctly predicted
Random Forest gave the best accuracy out of the three prediction models, but it still did not beat ZeroR.
Model comparison
	Model
	Accuracy
	Precision
	Recall
	F1
	ROC AUC

	ZeroR
	52.6%
	0.526
	1.000
	0.689
	0.495

	Logistic Regression
	46.9%
	0.496
	0.650
	0.563
	0.448

	J48
	50.3%
	0.527
	0.546
	0.536
	0.494

	Random Forest
	51.3%
	0.531
	0.629
	0.576
	0.505


Accuracy shows how many predictions were correct overall.
Precision shows how many customers predicted as churn actually belonged to the churn class.
Recall shows how many churn customers were correctly found by the model.
The F1-score was the combination of precision and recall into one value.
ROC AUC is measuring how well the model can separate the two classes. An AUC close to 0.5 means the model is performing close to random guessing [4].
The most important result is that none of the prediction models performed better than ZeroR002E
Random Forest has been the closest with an accuracy of 51.3%, but ZeroR still achieved 52.6%.
The Random Forest ROC AUC was only 0.505, which is very close to random performance.
This means that the offered attributes do not contain strong enough information to predict churn reliably.
K-Means Clustering
K-Means clustering has been used to find groups of customers with similar behaviour.
Customer_ID and Target_Churn have been chosen from the clustering.
A two-cluster model has been used.
[image: ]Pic 9. Two-cluster SimpleKMeans customer segmentation.
The model produced:
· Cluster 0: 506 customers (51%)
· Cluster 1: 494 customers (49%)
The clustering took 15 iterations and the within-cluster sum of squared errors was approximately 2278.17.
The cluster centroids show some small differences between the groups.
Cluster 0 customers were older on average, with an age of about 47.9 compared with 38.5 in Cluster 1.
Cluster 0 also had slightly higher annual income and satisfaction, and had purchased slightly more recently.
Cluster 1 had slightly higher total spend, more support contacts and more days since the last purchase.
These differences are not very large.
[image: ]Pic 10. K-Means cluster visualisation using Total Spend and Last Purchase Days Ago.
The two colours are mixed across most of the graph, which shows that the two clusters overlap heavily.
This means that the dataset doesn’t contain two clearly separated customer groups based on the available variables.
[bookmark: _Toc237587699]5 Business Recommendations
Based on the results, the retailer should not use the current churn models for automatic customer targeting.
The main reason is that none of the prediction models performed better than ZeroR.
Random Forest was the best of the three main models, but its accuracy was only 51.3%, compared with 52.6% for ZeroR.
The ROC AUC results were also very close to 0.5, which means that the models were not able to clearly separate churn customers from non-churn customers.
Using these models in a real business could lead to many customers being wrongly targeted with retention offers.
The retailer should first improve the customer data.
Useful extra information could include:
· recent purchase trends
· changes in spending
· website visits
· abandoned baskets
· loyalty card activity
· complaint history
· discount use
· response to previous marketing
· customer lifetime value
The business should also clearly define what churn means. In online retail, customers do not usually cancel an account. Churn may instead mean that a customer has not purchased anything for a certain number of months.
The clustering results can still be useful for basic customer profiling, but the two groups are not clearly separated.
For this reason, the clusters should be used carefully and mainly as a starting point for future customer analysis.
[bookmark: _Toc237587700]6 Reflective Commentary
This analysis showed that using more advanced algorithms does not always produce better results.
At the start, I expected Random Forest and J48 to perform better because they can find more complex relationships in the data. However, the results showed that none of the main prediction models could beat the simple ZeroR baseline.
Random Forest gave the best result out of the three main models, with 51.3% accuracy, but this was still below ZeroR at 52.6%.
One strength of the analysis was that several performance measures were used instead of looking only at accuracy. Precision, recall, F1-score, ROC AUC and confusion matrices gave a better understanding of the results.
Another important step was removing Customer_ID before classification. This made the analysis more reliable because the customer number itself has no useful meaning for churn prediction.
The main limitation was the dataset. The available attributes do not appear to have a strong relationship with churn.
The clustering analysis had a similar problem because the two customer groups overlapped heavily.
If I repeated the analysis, I would use a larger dataset with customer behaviour over time. I would also create new variables showing changes in spending and purchase frequency.
Overall, the analysis was still useful because it showed that the current data is not strong enough for reliable churn prediction. This is an important result because it shows that better data is needed before a business should depend on these models.
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