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[bookmark: _Toc224860814]1.1 Purpose and Practice of Data Mining

Before the age of technology that we know of today, large amounts of “data” was recorded physically, and usually stored in a physical warehouse. Even if we compare the data from 50 years ago, where the floppy disk contained only 1.44MB of data, while flash drives can hold terabytes worth of data in 2026 (approximately million times more data).
 Due to the evolution of technology and the internet, large amounts of data can all be stored into one place, in a “data warehouse”.  Modern companies store their historic data in these data warehouses, but without the correct techniques of data mining, the large amount of data is almost useless [1].  

Data mining is the term used for extracting the useful information from this data, whether it be recognising patterns, detecting fraud and business decision making [1]. This is done by creating machine learning models using previous datasets, which allows the model to then extract important data insights and patterns in newer and larger datasets/databases. 

Data mining is used in most if not all working sectors, such as education, finance, healthcare and retail. Data mining is used to detect patterns such as fraud detection (Naïve Bayes algorithm), clinical diagnosis and disease predictions [2], and even analyse shopping patterns such as the famous “Diaper-Beer” data mining case study, which showed that men were likely to purchase nappies and beer on a Friday night [3]. 

In this essay, data mining will be useful for predicting the students’ outcomes and identifying groups of students based upon the descriptive parameters.
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The dataset has come from UC Irvine, which is a reputable source for data. The dataset provided states that there are 649 instances (649 individual data inputs from students) with 30 different attributes as seen in figure 1 below. According to the source, there is no missing values. This is useful when it comes to pre-processing data, as accuracy can be questioned and the model can introduce bias.

[image: ]
Figure 1 - Student Text File
Looking at the “Student Text File” seen in figure 1 above, we can see that the data has attributes, such as age, study time, absences etc. The attributes can be separated into different aspects, such as social (“goout”, “romantic”), education (“studytime”, “absences”) and demographic (“age”,”sex”). 
The most important attributes we should be looking at is the final mark “G3”. This is our target attribute, where the model may recognise a pattern between the study time and the final mark (e.g expected pattern high study time = high G3 mark). 

As an example, we’ll create a simple scatter graph with study time and G3 results in the X and Y axis respectively. We would assume that there would be a positive correlation between a high study time and a high G3 result.Figure 2 - Study Time Vs G3











Through simple observation we can determine that there is a positive correlation between higher study hours and the G3 results, but we can’t determine that that is the only attribute, as there are some students with 1 hour of study with a higher mark than those with 4 hours of study. There are some students 2 hours of study with a high G3, and some with a low G3 result. There is a correlation, but the relationship between the two attributes is weak. 
Figure 3 - Failures vs G3













We have a similar relationship and correlation between the number of failures and the G3 results. We can see that there is a negative correlation between the two attributes, displaying that there is a trend that the G3 results is lower when there are more failures, despite there being some outliers (0 failures, 0 G3 results).










Figure 4 - G1/G2 vs G3

There is a strong relationship and positive correlation between G1, G2 and G3. The figure 4 above shows that having a high result in G1 and G2 also predicts that the G3 result will also be high. We can use a model in Weka to predict that a student with low G1 or G2 results will have low G3 results.
We can use Weka models to determine different patterns and predict G3 results through the different attributes (one model could predict that the G3 results are low if the parents no longer are together, the pstatus attribute). But first we’ll need to pre-process the data before using the machine learning models.
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As the file is a CSV, rather than formatting to arff, the column in excel have been separated to look like this. [image: ]
Figure 5 – Columned Data
[image: ][image: ]This allows for Weka to accurately read that each column is an attribute. This should reduce any errors when using the machine learning models to make prediction. We’ve also made a target column marked as “Pass (1)/Fail (0)” seen in the figure 6 below. This is a simple process so that we can use this attribute to decide whether a student has passed or failed. The rule stated in this column is if the G3 result is greater than 10 (the median, seen in figure 7), then the student has passed, and less than 10 would be a fail. This creates a “classifier”.Figure 7 - Median for G3
Figure 6 - New Colum Pass/Fail

By going through each attribute on Weka, we can also confirm that there is 0 missing data in each attribute seen in figure 7 at the top left (Missing: 0%). This is to confirm that no data is missing. Missing data can cause issues when modelling in Weka, such as inaccuracies and bias.

We’ve discussed previously that G1 and G2 have a strong relationship with G3, therefore models shall be created with these two attributes, and without. We can compare the two later to confirm if the models have predicted a similarly. If the results are similar, we can assume that the model has worked rather effectively.

The Portuguese dataset has been chosen and split in half. This means half the original instances (now 325) will be used to build the model. These instances will be the training set. The model built from the training set can then be used on the 2nd half of the original data set, which is unseen data to Weka. This will provide us with more insight into whether the training models are accurate.

When Clustering with kmeans in 1.4, the data will need to be normalised. We can use the filter in Weka which should reduce the attributes with larger numeric to cause weighted bias. Normalise will weight the attributes to a similar scale.
[image: ]
Figure 7 – Normalise


When doing 1.4, we have to make sure the results show no bias, therefore we are keeping the cross-validation at 10 folds, removing G1, G2 and G3 so each model predicts, and each model initially trained on half a dataset, and then tested on the 2nd half of the dataset. We also must assume that the training models with high accuracy are more likely to be overfitted.
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When using J48 on the classifier “Pass or Fail”, we first had to filter this classifier from Nominal to Numeric, which allows us to apply the J48 model.
[image: ]
Figure 8 - J48 Training
[image: ]This is the result above shows that J48 is accurate for determining whether a student will pass or fail. The classifier makes it incredibly easy for J48 to predict the G3 result to be a passing or a failing student. J48 has a high accuracy on the training set with 78.76% accuracy (256 identified correctly). There 69 instances where the model incorrectly identified a failing G3 result as a pass. This is only the training data, so we will compare the testing dataset.Figure 9 - Testing set

In figure 9, where the 2nd half of the dataset has been pre-processed and the same J48 model loaded, we can see that the accuracy has changed. The accuracy is lower, with 91.36% accuracy, but the model has mistakenly identified 19 failing results as a pass, and 9 passing results as a fail. The precision is extremely low (0.55), with a terrible recall score (0.367)

[image: ]Despite this, the model seems accurate in determining passing students, but terrible at identifying low result students. The classifier allows the model to predict more accurately, but since the dataset is so small, and J48 is known for overfitting, this may not be the most accurate model to use. The low recall determines that if we were to deploy this type of model to identify high at-risk students, then they may not be identified effectively. J48 is known for overfitting, therefore may not be the best model to use for this dataset.Figure 10 - J48 Decision Tree
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Naïve Bayes provides a lot more information than J48 does. J48 is a simple decision tree, while Naïve Bayes assumes that each attribute is independent of other attributes. This allows for the Pass/Fail classifier to be determined based on all the different attributes [4]. This isn’t true, as G3 is dependent on G1 and G2. By choosing Naïve Bayes, we can determine if there is a trend for behavioural, social and domestic life to have an effect on the educational performance.
As an example in the training set, Naïve Bayes has provided with the figure below.
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Figure 11 - Naive Bayes Absences


The data provided by Naïve Bayes in figure 11 is specifically for the absence and what class they belong to (first column is a failing result). We can determine that there were 31 students with 0 absences, but a failing mark. There is also a passing student with a total of 22 absences, which seems absurd but possible (outlier). Naïve Bayes produces several tables like this for each attribute, where the user can make simple observations and visuals.
[image: ]Figure 12 - Training accuracy Naive Bayes

[image: ]The training accuracy here was 97.23%, which is higher than J48. This is already a better model decision We can see that the model identified 4 failing results as passes, and 5 passing results as failing results. This is already better than the J48 training set, with a better F-measure, precision and recall score.
Figure 13 - Testing Data set
Looking at the testing set, there are differences. The model is 96.30% accuracy, which is still better than the J48 model. The recall weighted average is 0.963, which is WAY higher than the J48. Determining a high recall score allows the model to identify students at risk. This is an incredibly good model to use, due to high accuracy, precision and recall score. 
[image: ]
Figure 14 - Visualisation of Failures vs absences

Naïve Bayes is a fantastic model to visualise the dataset as well. In figure 14 above, we can see that the X axis determines that number of failures, and the Y-axis determines the number of absences. We can see that there is a large cluster of low absences and low failures. We can also see that there are a few outliers, with high absences and low (0) failures. We can also see a few students with high absence (over 25) with at least 1 failure.

Despite Naïve Bayes being more accurate, a higher recall score and through comparison, better than J48, the model does not predict through the relationships between each attribute, as it treats the attribute as independent. Through simple observation of the data in part 1.2 and 1.3, we have determined that there is a high correlation and relationship between the G1, G2 and G3 results, as well as we’d expect to see higher results with “better” and more “balanced” social, domestic and behavioural attributes.
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[image: ]Random Tree has been described as the better model to use to predict a classifier using patterns found through relationships between attributes. Just from this description, we can determine that Random Tree may be the better model to choose, in comparison to J48 and Naïve Bayes.Figure 15 – Random Tree Resample

We can see that from the training model, that the accuracy is 92.92%, with an average recall of 0.929. This is more accurate than the J48 on the training set. Despite the accuracy, the model has predicted 22 failing results as passing results, and only 1 failed result as a passing result. This is an improvement compared to the J48. 

However, there is a massive improvement in the testing set with an increase to 96.60% in figure 16, which is our highest accuracy model on the testing dataset. Our weighted average for Precision, F-measure and Recall is also the highest of all 3 we’ve compared. The number of results classified as passes has also increased to 276, with 22 identified incorrectly as passing, but 0 identified as failing.
[image: ]
Figure 16 - Testing Set Random Tree
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Clustering is unlabelled data, that allows the model to determine (randomly) a k-number of centroids. The distance between a point and the centroid is calculated, and the data point is associated to that centroid. This is done multiple times (K amount of times) until there is very minimal difference between the data points and centroid. This K-amount of times can be visualised as an “elbow” on a plot graph.
[image: K-means -Elbow method (clustering)]Figure 17 - Elbow Method K-Means https://www.linkedin.com/pulse/k-means-elbow-method-clustering-bogus%C5%82aw-konefa%C5%82

When clustering, we can identify students based on behaviour and performance, therefore we can remove the other attributes that don’t correspond with these identities, as seen below.
[image: ]Figure 18 - Attributes Chosen for Clustering

[image: ]With these attributes, we should be able to identify patterns within students based on these attributes. We have also normalised the data, to avoid any bias when clustering.Figure 19 - Clustering Results
















We can see the results in figure 18. We can determine that students in cluster 2 have the highest G3 results, have the tendency to have higher study hours (0.389), has the least amount of failures (0.0409) and the lowest absences (0.0943).  We would consider these students to be low-risk students, where they are more likely to pass/receive a higher result.

We can also use this data to determine the high at-risk students in cluster 1. Using the same figure, we can easily determine that those with low study times, high amount of free time, as well as higher alcohol consumption have a lower G3 result (0.506). From these 3 clusters, we can determine the average and low-risk students, which can be used to provide more support to these students, as well as possibly determine if there are any personal issues (possibly at home).
[image: ]Figure 20 - Study Time vs Failures Cluster
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The Random Forest model would be recommended for this particular dataset. As discussed in 1.4, it has a high accuracy, precision and recall score, runs quickly and allows the model to more accurately predict high-risk students. The Random Tree determines the relationship between the attributes, which Naïve Bayes does not, and is far more accurate than J48. J48 is more likely to overfit, which can make the model complicated and does not show case outliers due to the overfitting (showing bias). 

Being able predict results of high-risk students would allow staff within education to provide more support, by encouraging higher study times and possibly providing more tutoring to these students.
The model also predicts that the students with higher absence tend to score more poorly than those with high attendance. The school may be able to use this information to determine that a more strict attendance should be implemented to increase student results. Higher attendance = less failures = higher results.

Clustering should also be implemented as rather than predicting, we can identify these high-risk students with the attributes suggested. The model can be used to identify the behaviour and performance of students, but the same model can be used to identify high-risk students through different attributes such as domestic and social life. An example of this would be a identifying high-risk student through the attributes containing parents (living together, education level etc). This also allows for more support to be provided to the student.

These two should be used together to provide as much insight as possible to the educational board.
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Initially when pre-processing and determining the models, G1, G2 and G3 were included when using the J48, which caused an incredibly accurate model (99.3%). This was then determined later to be due to “data leakage”, as well as the model being told the prediction, rather than predicting the results itself. This created the tree provided below.
[image: ]












If the assignment were to be done again, then playing around more with Weka settings would be advantageous. Increasing the cross-validation fold would produce a more accurate understanding of the dataset, despite possibly reducing the accuracy overall. 

Having a larger dataset would also be advantageous, as larger amounts of data allows for the model to be trained more effectively. This may take more time, but it would provide a more accurate visual representation of the dataset. 

Overall, the assignment showcased the importance of data mining, specifically in the education sector. We can determine from this that data mining is increasingly important in identifying and predicting unobservable patterns, as well as making it more accessible, accurate and automated. Data models can provide incredibly beneficial insights into business’ that a human may not recognise. 
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l Attributes for both student-mat.csv (Math course) and student-por.csv (Portuguese language course) datasets:

1 school - student's school (binary: "GP" - Gabriel Pereira or "MS" - Mousinho da Silveira)

2 sex - student's sex (binary: “F" - female or “M" - male)

3 age - student's age (numeric: from 15 to 22)

4 address - student's home address type (binary: “U" - urban or "R" - rural)

5 famsize - family size (binary: "LE3" - less or equal to 3 or “GT3" - greater than 3)

6 Pstatus - parent's cohabitation status (binary: “T* - living together or “A" - apart)

7 Medu - mother's education (numeric: @ - nome, 1 - primary education (4th grade), 2 - Sth to oth grade, 3 - secondary education or 4 - higher education)
8 Fedu - father's education (numeric: @ - nome, 1 - primary education (4th grade), 2 - Sth to oth grade, 3 - secondary education or 4 - higher education)
9 Mjob - mother's job (nominal: “teacher”, "health” care related, civil "services" (e.g. administrative or police), “at_home" or “other")
10 Fjob - father's job (nominal: “teacher”, "health” care related, civil "services" (e.g. administrative or police), “at_home” or “other")
11 reason - reason to choose this school (nominal: close to “home", school “reputation”, “"course" preference or “other")

12 guardian - student's guardian (nominal: “mother”, “father" or “other")

13 travel - home to school travel time (numeric: 1 - <15 min., 2 - 15 to 3@ min., 3 - 3@ min. to 1 hour, or 4 - >1 hour)

14 studytime - weekly study time (numeric: 1 - <2 hours, 2 - 2 to 5 hours, 3 - 5 to 1@ hours, or 4 - >1@ hours)

15 failures - number of past class failures (numeric: n if 1<=n<3, else 4)

16 schoolsup - extra educational support (binary: yes or no)

17 famsup - family educational support (binary: yes or no)

18 paid - extra paid classes within the course subject (Math or Portuguese) (binary: yes or no)

19 activities - extra-curricular activities (binary: yes or no)

20 nursery - attended nursery school (binary: yes or no)

21 higher - wants to take higher education (binary: yes or no)

22 internet - Internet access at home (binary: yes or no)

23 romantic - with a romantic relationship (binary: yes or no)

24 famrel - quality of family relationships (numeric: from 1 - very bad to 5 - excellent)

25 freetime - free time after school (numeric: from 1 - very low to 5 - very high)

26 goout - going out with friends (numeric: from 1 - very low to 5 - very high)

27 Dalc - workday alcohol consumption (numeric: from 1 - very low to 5 - very high)

28 Walc - weekend alcohol consumption (numeric: from 1 - very low to 5 - very high)

29 health - current health status (numeric: from 1 - very bad to 5 - very good)

30 absences - number of school absences (numeric: from @ to 93)
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1 [school  sex age address famsize Pstatus  Medu  Fedu  Mjob  Fjob reason  guardian traveltime studytime failures  schoolsup famsup  paid activities nursery  higher internet  romantic
2 P F 18U GT3 A 4 4 athome teacher course  mother 2 2 0 yes no no no yes yes no no
3 6P F 17U GT3 T 1 1athome other  course father 1 2 0 no yes no no no yes yes no
4 6P F 15U LE3 T 1 1athome other  other  mother 1 2 0 yes no no no yes yes yes no
5GP F 15U GT3 T 4 2 health  services home  mother 1 3 0 no yes no yes yes yes yes yes
6 GP F 16U GT3 T 3 3other  other  home father 1 2 0 no yes no no yes yes no no
7 6P M 16U LE3 T 4 3 services other reputation mother 1 2 0 no yes no yes yes yes yes no
8 GP M 16U LE3 T 2 2other  other  home  mother 1 2 0 no no no no yes yes yes no
9 6P F 17U GT3 A 4 4other  teacher home  mother 2 2 0 yes yes no no yes yes no no
10 6P M 15U LE3 A 3 2 services other  home  mother 1 2 0 no yes no no yes yes yes no
11/6P M 15U GT3 T 3 4other  other  home  mother 1 2 0 no yes no yes yes yes yes no
12 6P F 15U GT3 T 4 4 teacher health  reputation mother 1 2 0 no yes no no yes yes yes no
13 6P F 15U GT3 T 2 1 senvices other reputation father 3 3 0 no yes no yes yes yes yes no
14 |eP M 15U LE3 T 1 4 4 health  services course father 1 1 0 no yes no yes yes yes yes no
15 GP M 15U GT3 T 4 3teacher other  course  mother 2 2 0 no yes no no yes yes yes no
16 |GP M 15U GT3 A 2 2other  other  home other 1 3 0 no yes no no yes yes yes yes
17 |GP F 16U GT3 T 4 4health  other  home  mother 1 1 0 no yes no no yes yes yes no
18 |GP F 16U GT3 T 4 4 services services  reputation mother 1 3 0 no yes no yes yes yes yes no
19 6P F 16U GT3 T 3 3other  other reputation mother 3 2 0 yes yes no yes yes yes no no
20 GP M 17U GT3 T 3 2 services services course  mother 1 1 3 no yes yes yes yes yes yes no
21 6P M 16U LE3 T 4 3health  other  home father 1 1 0 no no no yes yes yes yes no
22 6P M 15U GT3 T 4 3teacher other reputation mother 1 2 0 no no no no yes yes yes no
23 6P M 15U GT3 T 4 4health  health  other father 1 1 0 no yes yes no yes yes yes no
24 GP M 16U LE3 T 4 2 teacher other  course  mother 1 2 0 no no no yes yes yes yes no
25 GP M 16U LE3 T 2 2other  other reputation mother 2 2 0 no yes no yes yes yes yes no
26 GP F 15R GT3 T 2 4 services health  course  mother 1 3 0 yes yes no yes yes yes yes no
27 6P F 16U GT3 T 2 2 services services home  mother 1 1 0 no yes no no no yes yes no




image5.png
Selected attribute
Name: G3

Type: Numeric
Missing: 0 (0%) Distinct: 18 Unique: 2 (1%)
Statistic Value
Minimum 0
Maximum 20
Mean 10415
StdDev 4581
Class: G3 (Num) v | Visualize All
131
2 &
» a
2 2 o
s





image6.png
AH

Pass(1)/Fail(0)

-

AF AG
1
1
13
14
13
12
12
13
16
12
14
12
13
12
14
17
13
14

8
12
13
12
13
10
1
1

AB AC AD AE
Walc health absences G1 G2

Dalc

eetime  goout




image7.png
Filter
Choose |Normalize -S 1.0 -T 0.0

Current relation
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RandemForest

Classifier model (full training set) ===

Bagging with 100 iterations and base learnmer
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Classifier model (full training set) ===

RandomForest

Bagging with 100 iterations and base learnmer

weka.classifiers.trees.RandemTree ~K 0 -M 1.0 —V 0.001 -S 1 -do-not-check-capabilitics

Time taken to build model: 0.02 seconds

=== stratified cross-validation ===

Summary
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Time taken to build model (full training data) : 0.01 seconds

Model and evaluation on training set ===

Clustered Instances
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