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1. Introduction
In this report, we will aim to explain the purpose and practice of data mining and its uses in business, analyse a dataset of student marks from two Portuguese schools in both maths and Portuguese and use this data to apply data mining techniques to provide predictions and business recommendations from them.
[bookmark: _Toc225106717]2. The purpose and practice of data mining and its uses in business
Data mining is a process for the extraction of knowledge from large datasets [1] by uncovering hidden patterns and relationships within the data. It is achieved by running various analytical methods and algorithms to analyse the data which can inform decision making in business contexts. 
Data mining practices often include techniques such as clustering, classification, and visualisation to identify trends or segment data, which then can be applied to optimise business strategies [2].
Data mining techniques can be used to analyse customer behaviour, segment markets, or develop targeted marketing strategies. Integration with Geographic Information Systems, incorporating geo-demographic data, can further refine customer segmentation and competitive positioning. 
In e-commerce, analysis of buyer, seller, commodity, and transaction data improves operational efficiency and customer experience. By combining data warehousing and clustering algorithms, the interpretation of large volumes of transactional data helps support decision-making.
Recent studies into the implementation of data mining for Business Intelligence (BI) have identified several challenges and best practices. These include technological complexity, high costs of implementation and significant skill gaps, which impede the effective delivery of BI and data mining tools, particularly in small and medium-sized enterprises [3].
Concerns over data privacy, a shortage of skilled personnel and the integration of data are often reported as obstacles [4], particularly in cloud-based marketing where data mining is applied to enhance consumer behaviour predictions. To combat this, strong data governance mechanisms and the application of targeted educational programs are recommended [3].
[bookmark: _Toc225106718]3. Data Set Description and Exploration
[bookmark: _Toc225106719]3.1 Data Set Description
The data set is composed of two separate csv files, one with the scores for Maths and the other for Portuguese.
Each data set is made up of 33 columns, with the maths file having 395 rows and the Portuguese being much larger with 649 rows.
Both data sets have the same structure, with variables including:
· Demographics: age, sex, address type, and family size
· Schooling: study time, travel time, and past failures
· Lifestyle: free-time rating, health, and going-out frequency
· Family & environment: family support and relationship quality
Each also contain 3 sets of scores and the total absences for each student. For a full list of data descriptions, please see Annex A. The description for the data [5] confirms that there are no missing values in any of the fields.
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3.2 Data Set Exploration
Figure 1 shows that average Math grades decline across exams, with one school’s male students performing better and the other’s female students achieving higher grades.
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[bookmark: _Toc225106750]Figure 1: Comparison of Average Math Grades by sex and school
Portuguese grades improve across exams in both schools, with female students consistently outperforming male students as demonstrated in Figure 2.
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[bookmark: _Toc225106751]Figure 2: Comparison of Average Portuguese Grades by sex and school

Figure 3 shows the balance of math grades captured is unbalanced, with more female grades captured for each school.
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[bookmark: _Toc225106752]Figure 3: Comparison of math grades captured by student sex between schools
Figure 4 shows that Portuguese grades were recorded more frequently for one school, and that female students made up a larger share of the entries.
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[bookmark: _Toc225106753]Figure 4: Comparison of Portuguese grades captured by student sex between schools

When comparing grades between students who did and did not have support, figure 5 shows the impact that the time spent studying had on the average number of failures for those studying Math while figure 6 shows the same for the students studying Portuguese. It is also interesting to note that one of the schools did not offer support for the Math students. 
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[bookmark: _Toc225106754]Figure 5: Comparison of Average time spent studying to Failures for Math Students
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[bookmark: _Toc225106755]Figure 6: Comparison of Average time spent studying to Failures for Portuguese Students
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4. Data Pre and Post Processing
[bookmark: _Toc225106722]4.1 Pre-Processing
Before the data could be uploaded into Weka, the files need to be formatted in the layout required for the software to be able to read it.
On extracting the files from the compressed folder, it was saved in csv format, with semi-colon separators and each field surrounded by double quotation marks (see figure 7).
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[bookmark: _Toc225106756]Figure 7: Initial setup of data from csv files
The original CSV format was incompatible with Weka, so the first step was to remove all double quotation marks and replace semi‑colons with commas using Notepad++. Although this made the data readable, further formatting was required for Weka. According to the Weka documentation, ARFF files—ASCII text files describing instances and their attributes—contain two sections: a header and the data. The header defines the relation name, attributes, and their types, as shown in the initial Math dataset example in Figure 8.
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[bookmark: _Toc225106757]Figure 8: Header Section of Math Data Set ARFF File

Each @attribute line defines a column name and its data type. The datasets contain Nominal and Numeric data; for nominal fields such as school, sex, guardian, and famsize, all values must be listed. Because some algorithms perform poorly with numeric data, a second version can be created with numeric values converted to nominal categories. While most nominal categories were available from the data source [5], the grade fields required additional classification. Using Scholaro [7], grades were mapped to five nominal categories—insufficient, conceded pass, sufficient, good, and very good—as shown in Figure 9.
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[bookmark: _Toc225106758]Figure 9: Nominalised Data
Now that this work has been completed, another ARFF file can be created so that all the data will classify correctly. Samples of the final ARFF files can be found in Annex B.
[bookmark: _Toc225106723]4.2 Post Processing
Now that the data is ready to be imported into Weka, we can connect it using the software’s Explorer interface. As it will make classifying the data cleaner, we are going to use the versions where the numerical categories have been altered to nominal values.
Loading in the Maths data, we immediately see the final grade (G3) values have been used as the class (Figure 10). This is because Weka infers that the final value in the row is the class category.
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[bookmark: _Toc225106759]Figure 10: Maths Data loaded into Weka Explorer
To accurately train the models, we need as balanced a data set as possible, and Weka allows us to do this as part of the in-built preprocessing filters. The best way to do this is to randomise the data, then split it into training and test data sets, allowing us to fine-tune the models first before applying it to generate an outcome.
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[bookmark: _Toc225106760]Figure 11: Randomisation of the Portuguese Data Set
To begin with, we split the data into half, or as close as we can depending on the number of rows and save as a training set and a test set. Figure 12 shows the step of splitting the data for the training set.
[image: ]
[bookmark: _Toc225106761]Figure 12: Splitting the Portugues Data for the training set
To create the test set, we repeat the same steps, but this time we set the invert selection option to true. 
We now have two equally randomised datasets, but we may need to adjust the splits once we start running them through the models to try and get as accurate a result as possible.
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5. Sample Runs & Results
Having created 50/50 training and test sets, we first run the training sets through various classifier models to see which gives us the best results.
For the purposes of this analysis, we will run the data through 3 different models:
· J48
· Random Forest
· Naïve Bayes
While we will report on the accuracy, precision, recall, and F-Score of each run, we will focus on the F-Score values as this score combines precision and recall giving a balanced metric. For the full classifier outputs, see Annex C.
[bookmark: _Toc225106725]5.1 J48
J48 is Weka’s implementation of J.R. Quinlan’s C4.5 algorithm [8] and is used to create univariate decision trees, recursively splitting data based on attribute values. It supports pruning to avoid overfitting and handles both categorical and continuous attributes.
[bookmark: _Toc225106726]5.1.1 Results from Training
5.1.1.1 Maths
Correctly classified 161 of 197 instances with an accuracy of 81.73%, precision of 0.822, recall of 0.817 and F-Score of 0.818.

As the confusion matrix in Figure 13 shows, while it performed well at the lower grade class, it only predicted 2 out of 10 results correctly for the highest grade.
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[bookmark: _Toc225106762]Figure 13: J48 Training Confusion Matrix for Maths Data
5.1.1.2 Portuguese
Correctly classified 264 of 324 instances, with an accuracy of 81.48%, precision of 0.818, recall of 0.815 and F-Score of 0.807.
The confusion Matrix (Figure 14) shows that overall, it performed better across all the grades, with class d (good) having proportionately less matches.
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[bookmark: _Toc225106763]Figure 14: J48 Training Confusion Matrix for Portuguese Data
[bookmark: _Toc225106727]5.2 Random Forest
Random Forest is an ensemble machine learning algorithm that builds many decision trees and then combines their predictions to improve accuracy and reduce overfitting. Each tree is trained on a random subset of the data and splits are chosen from random subsets of features, which ensures the trees are less correlated [9].
[bookmark: _Toc225106728]5.2.1 Results from Training
5.2.1.1 Maths
Correctly classified 151 of 199 instances, with an accuracy of 76.65%, precision of 0.751, recall of 0.766 and F-Score of 0.742.
As with J48, it performed better with the lower grades but was only able to correctly classify 2 of the 10 highest as shown in the confusion matrix (figure 15).
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[bookmark: _Toc225106764]Figure 15: Random Forest Training Confusion Matrix for Maths Data
5.2.1.2 Portuguese
Correctly classified 257 of 324 instances with an accuracy of 79.32%, precision of 0.799, recall of 0.793 and F-Score of 0.774.
The confusion matrix (figure 16) tells a similar story to that with J48.
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[bookmark: _Toc225106765]Figure 16: Random Forest Training Confusion Matrix for Portuguese Data
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5.3 Naïve Bayes
Naïve Bayes computes the likelihood of each class by multiplying the conditional probabilities of each feature given that class and then chooses the class with the highest resulting posterior probability. This makes it especially effective for high dimensional tasks such as text classification and spam detection [10].
[bookmark: _Toc225106730]5.3.1 Results from Training 
5.3.1.1 Maths
Correctly classified 132 of 199 instances, with an accuracy of 67.01%, precision of 0.646, recall of 0.670 and F-Score of 0.652.
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[bookmark: _Toc225106766]Figure 17: Naïve Bayes Training Confusion Matrix for Maths Data
5.3.1.2 Portuguese 
Correctly classified 239 of 324 instances, with an accuracy of 73.77%, precision of 0.740, recall of 0.738 and F-Score of 0.734.
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[bookmark: _Toc225106767]Figure 18: Naïve Bayes Training Confusion Matrix for Portuguese Data
In both data sets the confusion matrices show (Figures 17 and 18) that there were more classes which were incorrectly assigned for the grades.
[bookmark: _Toc225106731]5.4 Chosen Model
Based on the F-Score generated for each model, and the classifications that have been given to the G3 (final grade), the J48 model has performed best with an F-Score of 0.818 against the Math set and 0.807 for Portuguese.
In the final training runs, it generated F-Scores of 0.882 for Maths and 0.859 for Portuguese. 
When running the test sets through, all the markers dropped, but this is to be expected as the model has not seen the data before as it has with the training sets.

Maths grades were correctly classified 152 out of 198 instances, with an accuracy of  76.77%, precision of 0.755, recall of 0.768 and F-Score of 0.753.
Portuguese grades were correctly classified 255 out of 325 instances, with an accuracy of 78.46%, precision of 0.793, recall of 0.785 and F-Measure of 0.782.

[bookmark: _Toc225106732]As these results were based on a 50/50 split of the dataset, as a test the data sets were run through an 80/20 split and we were able to produce much more accurate results, but this could be due to overfitting of the data.
To see these results, please see Annex D.
6. Recommendations from Findings
Based on the exploration of the data, and the results of the modelling, there are several recommendations that can be made.
6.1 Recommendations based on Data Exploration
Initial exploration of the data highlighted that there was a clear unbalance between the data based on which school the students attended, the sex of the students, and those whose grades were captured for their Maths results compared to their Portuguese results.
For better results, having a more balanced distribution of student results across both schools would help analyse what relations there were to demographic details and the results they achieved.
The data suggests that students perform better over time in Portuguese than Maths, but it would be recommended that we have more Math data than is provided currently to see if it were a biased sample, or a genuine issue to be addressed.
6.2 Recommendations from the Data Modelling
Based on the F-Score results, it would be recommended for any future modelling to be done using the J48 algorithms if the data sets were to remain the same size as they are now. 
However, if the data sets were to be larger, it would be worth running them again across the three different models, potentially with larger training splits. As demonstrated in Annex D, splitting the training splits can achieve better results, providing the model does not over fit the training data.
It is also best not to trust that one model will always be the correct one. Regular retraining and testing with the other models may provide different results, as could changing the number of nominal values in the classifier.
7. Reflection
As a tool, I found both Weka and Tableau very efficient to use. Tableau allowed me to quickly explore the data and find patterns with how easily data can be dragged and dropped into different visualisations.
Weka was extremely quick at running the models, with most taking only a couple of seconds to run. I would expect it to take longer with much larger datasets but having tried to do similar things in Python in the past, I can see the benefit of using a tool that is designed specifically for mining, clustering, and classifying data.
The main disadvantage with Weka is the format that files need to be in to work correctly. It can be time-consuming to set them up, especially if the dataset has a lot of categories, especially when languages like R and Python have libraries that can read them in raw csv or text format.
If I were to do this again, I would probably spend more time training and testing different size data sets to see if it were possible to get even more valid outcomes, but I do feel that going with a 50/50 split as the main test was justified with how small the data sets actually were.
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Annex A: Full Data Descriptions
Obtained from the site used to download the data [5], below is a table giving a summary of the variables within both the 
	Variable Name
	Role
	Type
	Description

	school
	Feature
	Categorical
	student's school 

	sex
	Feature
	Binary
	student's sex 

	age
	Feature
	Integer
	student's age 

	address
	Feature
	Categorical
	student's home address type 

	famsize
	Feature
	Categorical
	family size 

	Pstatus
	Feature
	Categorical
	parent's cohabitation status

	Medu
	Feature
	Integer
	mother's education

	Fedu
	Feature
	Integer
	father's education 

	Mjob
	Feature
	Categorical
	mother's job 

	Fjob
	Feature
	Categorical
	father's job 

	reason
	Feature
	Categorical
	reason to choose this school 

	guardian
	Feature
	Categorical
	student's guardian

	traveltime
	Feature
	Integer
	home to school travel time 

	studytime
	Feature
	Integer
	weekly study time 

	failures
	Feature
	Integer
	number of past class failures 

	schoolsup
	Feature
	Binary
	extra educational support 

	famsup
	Feature
	Binary
	family educational support 

	paid
	Feature
	Binary
	extra paid classes within the course subject 

	activities
	Feature
	Binary
	extra-curricular activities 

	nursery
	Feature
	Binary
	attended nursery school 

	higher
	Feature
	Binary
	wants to take higher education 

	internet
	Feature
	Binary
	Internet access at home 

	romantic
	Feature
	Binary
	with a romantic relationship 

	famrel
	Feature
	Integer
	quality of family relationships 

	freetime
	Feature
	Integer
	free time after school 

	goout
	Feature
	Integer
	going out with friends 

	Dalc
	Feature
	Integer
	workday alcohol consumption 

	Walc
	Feature
	Integer
	weekend alcohol consumption 

	health
	Feature
	Integer
	current health status 

	absences
	Feature
	Integer
	number of school absences 

	G1
	Target
	Categorical
	first period grade 

	G2
	Target
	Categorical
	second period grade 

	G3
	Target
	Integer
	final grade



Features such from Famrel to health are all rated on a scale of 1 to 5, with 1 being the lowest quality to 5 being the highest. Failures are capped at 4 as the description includes the formula n if 1<=n<3, else 4.
The values for the features such as Medu and Fedu are numerical categories, with 0 being no education, to 4 being higher education. Mjob and Fjob are nominal with categories like teacher, health, or at_home.
[bookmark: _Toc225106734]
Annex B: ARFF Files
[bookmark: _Toc225106735]Maths Data
%1. title: student maths results
%
%2. sources:
%	(a) creator: paulo cortez
%	(b) date: november, 2014
	
%3: number of instances: 395

%4: number of attributes: 3 numeric, 30 categories 
	
@relation maths

@attribute school {gp, ms}
@attribute  sex {f, m}
@attribute age numeric
@attribute address {u,r}
@attribute famsize {le3, gt3}
@attribute pstatus {t,a}
@attribute medu numeric
@attribute fedu numeric
@attribute mjob {teacher, health, services, at_home, other}
@attribute fjob {teacher, health, services, at_home, other}
@attribute reason {home, reputation, course, other}
@attribute guardian {mother, father, other}
@attribute traveltime numeric
@attribute studytime numeric
@attribute failures numeric
@attribute schoolsup {yes, no}
@attribute famsup {yes, no}
@attribute paid {yes, no}
@attribute activities {yes, no}
@attribute nursery {yes, no}
@attribute higher {yes, no}
@attribute internet {yes, no}
@attribute romantic {yes, no}
@attribute famrel numeric
@attribute freetime numeric
@attribute goout numeric 
@attribute dalc numeric
@attribute walc numeric
@attribute health numeric
@attribute absences numeric
@attribute g1 {0,1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20}
@attribute g2 {0,1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20}
@attribute g3 {0,1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20}
@data MS,F,18,U,GT3,T,secondary,secondary,services,services,other,mother,15_to_30,2_to_5,0,no,yes,no,no,yes,yes,yes,yes,very_good,average,low,very_low,average,average,0,sufficient,sufficient,sufficient
GP,M,16,U,LE3,A,secondary,higher,services,other,home,mother,under_15,2_to_5,0,yes,yes,no,yes,yes,yes,yes,no,excellent,average,average,very_low,very_low,very_good,4,sufficient,sufficient,sufficient
GP,F,16,U,LE3,T,grade,grade,at_home,other,course,mother,under_15,2_to_5,0,no,yes,no,no,yes,yes,no,no,very_good,average,high,very_low,low,bad,4,conceded_pass,insufficient,insufficient
GP,M,17,U,GT3,T,higher,higher,teacher,teacher,reputation,mother,under_15,2_to_5,0,yes,yes,no,yes,yes,yes,yes,yes,very_good,very_high,very_high,very_low,average,bad,14,sufficient,conceded_pass,conceded_pass
GP,F,17,R,GT3,A,secondary,grade,other,other,home,mother,under_15,2_to_5,0,no,yes,yes,no,yes,yes,yes,no,very_good,average,average,low,average,bad,4,conceded_pass,sufficient,sufficient
GP,F,16,U,GT3,T,secondary,primary,services,other,course,mother,under_15,over_10,0,yes,yes,yes,no,yes,yes,yes,no,very_good,average,average,very_low,low,very_good,4,insufficient,insufficient,insufficient
GP,F,17,R,GT3,T,grade,primary,at_home,services,reputation,mother,15_to_30,2_to_5,0,no,yes,no,yes,yes,yes,yes,no,very_good,low,very_high,very_low,low,very_good,2,insufficient,insufficient,insufficient
GP,M,22,U,GT3,T,secondary,primary,services,services,other,mother,under_15,under_2,3,no,no,no,no,no,no,yes,yes,excellent,high,very_high,very_high,very_high,very_bad,16,insufficient,conceded_pass,conceded_pass
GP,M,17,U,LE3,T,grade,grade,other,other,home,father,under_15,2_to_5,0,no,no,yes,yes,no,yes,yes,yes,very_good,high,low,very_high,very_high,good,4,good,sufficient,sufficient
GP,F,15,U,GT3,T,grade,grade,other,other,course,mother,under_15,over_10,0,yes,yes,yes,no,yes,yes,yes,no,excellent,very_low,low,very_low,very_low,average,8,insufficient,conceded_pass,conceded_pass
MS,F,17,U,LE3,T,higher,higher,at_home,at_home,course,mother,under_15,2_to_5,0,no,yes,yes,yes,yes,yes,yes,yes,bad,average,high,very_low,very_low,very_bad,0,good,good,good
GP,M,15,U,LE3,T,higher,grade,teacher,other,course,mother,under_15,under_2,0,no,no,no,no,yes,yes,yes,no,good,very_high,low,very_low,very_low,average,10,very_good,very_good,very_good
GP,F,16,U,GT3,T,secondary,secondary,other,other,reputation,mother,30_to_60,2_to_5,0,yes,yes,no,yes,yes,yes,no,no,excellent,average,low,very_low,very_low,good,4,conceded_pass,sufficient,sufficient
GP,F,17,U,GT3,T,grade,higher,services,services,reputation,father,under_15,2_to_5,0,no,yes,no,yes,yes,yes,no,no,excellent,high,low,low,average,very_good,0,good,good,good
GP,F,18,U,GT3,T,grade,secondary,at_home,other,course,mother,under_15,5_to_10,0,no,yes,no,no,yes,yes,yes,no,very_good,average,average,very_low,low,average,4,sufficient,sufficient,sufficient
GP,F,15,U,GT3,T,primary,grade,at_home,services,course,mother,under_15,2_to_5,0,no,no,no,no,no,yes,yes,no,good,low,average,very_low,low,very_bad,2,good,good,good
GP,F,17,U,GT3,T,secondary,primary,services,services,course,father,under_15,5_to_10,0,no,yes,no,no,no,yes,yes,no,good,high,average,low,average,very_good,1,sufficient,good,good
GP,F,16,U,LE3,T,grade,grade,other,other,home,mother,15_to_30,2_to_5,1,no,yes,no,yes,no,yes,yes,yes,good,average,average,very_low,low,average,25,insufficient,sufficient,sufficient
GP,F,18,R,GT3,T,higher,higher,teacher,other,reputation,mother,15_to_30,2_to_5,0,no,no,yes,yes,yes,yes,yes,no,very_good,average,high,low,low,good,8,sufficient,sufficient,sufficient
GP,M,16,U,LE3,T,higher,grade,teacher,other,course,mother,under_15,2_to_5,0,no,no,no,yes,yes,yes,yes,no,very_good,very_high,very_low,very_low,average,very_good,2,good,good,good
GP,M,17,U,GT3,T,primary,primary,other,other,reputation,father,under_15,2_to_5,0,no,no,yes,no,no,yes,yes,no,very_good,average,average,very_low,low,good,2,sufficient,sufficient,sufficient
GP,F,15,R,GT3,T,secondary,secondary,services,services,reputation,other,15_to_30,5_to_10,2,no,yes,yes,yes,yes,yes,yes,yes,very_good,low,very_low,low,average,average,8,sufficient,sufficient,sufficient
GP,M,17,U,LE3,T,higher,higher,services,other,home,mother,under_15,2_to_5,0,no,yes,yes,no,yes,yes,yes,yes,excellent,average,very_high,high,very_high,average,13,sufficient,sufficient,sufficient
GP,M,15,R,GT3,T,higher,secondary,teacher,at_home,course,mother,under_15,2_to_5,0,no,yes,no,yes,yes,yes,yes,yes,very_good,very_high,low,very_low,very_low,very_good,0,good,good,good
GP,M,15,R,GT3,T,grade,primary,health,services,reputation,mother,under_15,2_to_5,0,no,no,no,yes,yes,yes,yes,yes,excellent,high,low,very_low,very_low,very_good,8,conceded_pass,conceded_pass,conceded_pass
MS,F,17,U,LE3,A,secondary,grade,services,other,reputation,mother,15_to_30,2_to_5,0,no,no,no,no,yes,yes,no,yes,very_bad,low,average,very_low,low,very_good,2,sufficient,sufficient,sufficient
MS,M,18,U,LE3,T,primary,secondary,at_home,services,course,mother,under_15,under_2,1,no,no,no,no,yes,no,yes,yes,very_good,average,average,low,average,average,7,conceded_pass,insufficient,conceded_pass
MS,F,18,U,LE3,T,secondary,primary,teacher,services,course,mother,under_15,2_to_5,0,no,yes,yes,no,yes,yes,yes,no,very_good,average,high,very_low,very_low,very_bad,0,insufficient,conceded_pass,conceded_pass
GP,F,18,U,GT3,T,grade,secondary,other,services,reputation,father,under_15,over_10,0,no,yes,yes,yes,yes,yes,yes,yes,very_good,very_high,very_high,very_low,average,bad,4,good,good,good
GP,F,15,U,GT3,T,primary,primary,at_home,other,course,mother,30_to_60,under_2,0,no,yes,no,yes,no,yes,yes,yes,very_good,average,average,very_low,low,good,0,conceded_pass,insufficient,insufficient
GP,M,19,U,GT3,T,higher,higher,teacher,services,reputation,other,15_to_30,under_2,1,no,yes,yes,no,yes,yes,yes,yes,very_good,average,high,very_low,very_low,good,38,conceded_pass,conceded_pass,conceded_pass
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Portuguese Data
%1. title: student portuguese results
%
%2. sources:
%	(a) creator: paulo cortez
%	(b) date: november, 2014
	
%3: number of instances: 649

%4: number of attributes: 3 numeric, 30 categories 
	
@relation portuguese

@attribute school {gp, ms}
@attribute  sex {f, m}
@attribute age numeric
@attribute address {u,r}
@attribute famsize {le3, gt3}
@attribute pstatus {t,a}
@attribute medu numeric
@attribute fedu numeric
@attribute mjob {teacher, health, services, at_home, other}
@attribute fjob {teacher, health, services, at_home, other}
@attribute reason {home, reputation, course, other}
@attribute guardian {mother, father, other}
@attribute traveltime numeric
@attribute studytime numeric
@attribute failures numeric
@attribute schoolsup {yes, no}
@attribute famsup {yes, no}
@attribute paid {yes, no}
@attribute activities {yes, no}
@attribute nursery {yes, no}
@attribute higher {yes, no}
@attribute internet {yes, no}
@attribute romantic {yes, no}
@attribute famrel numeric
@attribute freetime numeric
@attribute goout numeric 
@attribute dalc numeric
@attribute walc numeric
@attribute health numeric
@attribute absences numeric
@attribute g1 {0,1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20}
@attribute g2 {0,1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20}
@attribute g3 {0,1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20}
@data MS,M,18,U,LE3,T,primary,grade,at_home,services,home,mother,15_to_30,under_2,0,no,yes,no,no,no,yes,no,no,very_good,very_low,high,very_high,very_high,very_bad,8,sufficient,sufficient,sufficient
MS,F,16,R,GT3,T,grade,grade,other,other,course,father,30_to_60,2_to_5,0,no,yes,no,no,yes,no,yes,no,good,high,very_high,very_low,low,very_bad,1,conceded_pass,sufficient,sufficient
GP,F,15,R,LE3,T,grade,grade,health,services,reputation,mother,15_to_30,2_to_5,0,yes,yes,no,no,yes,yes,yes,no,very_good,very_low,average,very_low,average,good,0,sufficient,sufficient,sufficient
GP,F,16,U,GT3,T,secondary,secondary,other,other,home,mother,under_15,5_to_10,0,no,yes,no,no,yes,yes,yes,yes,very_good,average,average,very_low,average,good,2,conceded_pass,sufficient,sufficient
GP,F,18,U,LE3,T,grade,grade,at_home,services,course,mother,under_15,2_to_5,1,no,yes,no,no,no,yes,yes,yes,excellent,average,very_low,very_low,very_low,very_good,16,conceded_pass,conceded_pass,sufficient
MS,M,19,U,GT3,T,primary,primary,other,other,other,mother,under_15,2_to_5,2,no,yes,no,yes,yes,no,yes,no,very_good,high,average,average,high,good,2,conceded_pass,conceded_pass,sufficient
MS,M,18,U,LE3,T,higher,higher,services,other,reputation,mother,under_15,under_2,0,no,yes,no,yes,yes,yes,yes,no,excellent,high,very_high,very_low,very_low,very_good,3,good,good,good
GP,F,17,U,GT3,T,primary,primary,at_home,other,course,mother,under_15,2_to_5,0,yes,no,no,no,no,yes,no,yes,very_good,average,low,very_low,very_low,good,10,sufficient,conceded_pass,sufficient
GP,M,17,R,GT3,T,grade,grade,services,other,course,mother,over_60,under_2,0,no,yes,no,no,yes,yes,yes,no,very_good,high,very_high,very_high,very_high,good,2,sufficient,sufficient,sufficient
GP,F,17,U,LE3,T,grade,grade,other,other,course,father,under_15,under_2,0,no,yes,no,no,yes,yes,yes,yes,good,high,high,very_low,average,very_good,2,sufficient,sufficient,sufficient
GP,M,17,U,GT3,T,secondary,secondary,other,other,reputation,father,under_15,2_to_5,0,no,no,no,yes,no,yes,yes,no,very_good,average,high,very_low,high,good,4,sufficient,conceded_pass,sufficient
GP,F,19,U,GT3,T,higher,higher,teacher,other,home,other,under_15,under_2,1,no,yes,no,no,yes,yes,yes,yes,good,low,very_high,high,high,very_good,5,conceded_pass,sufficient,sufficient
GP,M,16,U,GT3,T,secondary,grade,at_home,other,reputation,mother,15_to_30,5_to_10,0,no,no,no,yes,yes,yes,yes,yes,excellent,average,average,very_low,average,bad,0,sufficient,sufficient,sufficient
MS,M,15,U,GT3,T,secondary,primary,other,services,home,mother,15_to_30,under_2,0,no,yes,no,no,yes,yes,no,no,good,low,average,very_low,average,good,0,sufficient,conceded_pass,sufficient
GP,F,15,R,GT3,T,primary,primary,at_home,other,home,mother,15_to_30,over_10,0,yes,yes,yes,yes,yes,yes,yes,no,good,very_low,low,very_low,very_low,very_bad,4,sufficient,sufficient,sufficient
GP,M,17,U,GT3,T,secondary,secondary,other,services,reputation,mother,under_15,under_2,0,no,no,no,yes,no,yes,yes,no,very_good,average,very_high,average,very_high,very_good,0,good,very_good,good
GP,M,16,U,GT3,T,primary,grade,services,services,other,mother,under_15,under_2,0,no,yes,no,yes,yes,yes,yes,yes,good,average,average,very_low,low,average,0,sufficient,conceded_pass,sufficient
GP,M,18,U,GT3,T,grade,grade,services,other,home,mother,under_15,2_to_5,0,no,yes,no,yes,yes,yes,yes,no,very_good,high,high,low,high,very_good,10,sufficient,sufficient,sufficient
GP,F,15,U,GT3,T,secondary,grade,services,other,home,mother,15_to_30,2_to_5,0,yes,yes,no,no,yes,yes,yes,no,very_good,average,very_high,very_low,very_low,bad,16,sufficient,sufficient,sufficient
MS,F,18,R,GT3,T,grade,grade,other,other,other,mother,15_to_30,under_2,1,no,no,no,no,yes,no,yes,yes,excellent,very_high,very_high,very_low,very_low,average,0,conceded_pass,insufficient,insufficient
GP,M,17,R,LE3,A,higher,higher,teacher,other,course,mother,15_to_30,2_to_5,0,no,yes,no,no,yes,yes,yes,no,good,average,average,low,average,good,0,sufficient,sufficient,sufficient
MS,F,18,U,GT3,A,grade,higher,other,services,reputation,father,under_15,2_to_5,1,no,yes,no,no,yes,yes,yes,no,bad,average,low,very_low,average,very_bad,8,conceded_pass,insufficient,conceded_pass
GP,F,18,U,GT3,T,grade,grade,at_home,at_home,other,mother,under_15,5_to_10,0,no,yes,no,no,yes,yes,yes,no,very_good,average,average,very_low,low,bad,0,very_good,very_good,very_good
GP,M,16,U,GT3,T,secondary,grade,other,other,home,mother,under_15,under_2,0,no,yes,no,no,no,yes,yes,no,excellent,high,average,very_low,very_low,very_good,4,sufficient,sufficient,sufficient
MS,M,17,U,GT3,T,secondary,secondary,health,other,course,mother,15_to_30,2_to_5,1,no,yes,no,no,yes,yes,yes,no,very_good,very_high,high,low,average,average,4,conceded_pass,conceded_pass,sufficient
GP,F,16,U,GT3,T,higher,grade,teacher,services,home,mother,15_to_30,2_to_5,0,no,yes,no,yes,yes,yes,yes,no,excellent,average,average,very_low,very_low,very_bad,2,sufficient,good,good
MS,M,19,R,GT3,T,primary,primary,other,other,home,other,30_to_60,under_2,1,no,yes,no,no,yes,yes,yes,no,very_good,high,high,average,average,very_good,4,conceded_pass,conceded_pass,sufficient
GP,F,17,U,LE3,T,higher,grade,teacher,services,reputation,mother,under_15,over_10,0,no,yes,no,yes,yes,yes,yes,no,very_good,low,average,very_low,very_low,good,2,good,good,good
MS,F,16,R,LE3,T,primary,grade,at_home,other,course,mother,under_15,2_to_5,0,no,no,no,yes,yes,no,yes,no,very_good,high,very_high,very_low,average,average,0,conceded_pass,conceded_pass,conceded_pass
GP,M,16,U,LE3,T,grade,grade,services,services,reputation,father,15_to_30,under_2,0,no,yes,no,yes,yes,yes,yes,no,bad,average,average,low,low,bad,4,sufficient,sufficient,sufficient
GP,F,17,U,GT3,T,higher,secondary,health,services,reputation,mother,under_15,5_to_10,0,no,yes,no,no,yes,yes,yes,no,very_good,low,low,very_low,low,average,0,good,very_good,very_good
MS,F,18,R,GT3,T,grade,grade,at_home,other,course,mother,30_to_60,2_to_5,1,no,no,no,yes,yes,yes,no,yes,very_good,average,average,very_low,very_low,good,0,conceded_pass,insufficient,insufficient
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Annex C: Run Results
[bookmark: _Toc225106738]Maths Training (Cross-Validation)
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=== Run information ===

Scheme:       weka.classifiers.trees.J48 -C 0.25 -M 2
Relation:     maths-weka.filters.unsupervised.instance.Randomize-S42-weka.filters.unsupervised.instance.RemovePercentage-P50.0
Instances:    197
Attributes:   33
              school
              sex
              age
              address
              famsize
              Pstatus
              Medu
              Fedu
              Mjob
              Fjob
              reason
              guardian
              traveltime
              studytime
              failures
              schoolsup
              famsup
              paid
              activities
              nursery
              higher
              internet
              romantic
              famrel
              freetime
              goout
              Dalc
              Walc
              health
              absences
              G1
              G2
              G3
Test mode:    10-fold cross-validation

=== Classifier model (full training set) ===

J48 pruned tree
------------------

G2 = insufficient: insufficient (33.0/4.0)
G2 = conceded_pass
|   Fjob = teacher: sufficient (1.0)
|   Fjob = health: conceded_pass (2.0)
|   Fjob = services: conceded_pass (14.0/2.0)
|   Fjob = at_home: insufficient (2.0/1.0)
|   Fjob = other
|   |   schoolsup = yes: insufficient (3.0/1.0)
|   |   schoolsup = no
|   |   |   famrel = very_bad: sufficient (0.0)
|   |   |   famrel = bad: insufficient (1.0)
|   |   |   famrel = average: sufficient (0.0)
|   |   |   famrel = good: sufficient (2.0)
|   |   |   famrel = excellent: sufficient (6.0/1.0)
|   |   |   famrel = very_good
|   |   |   |   famsup = yes
|   |   |   |   |   age <= 16: sufficient (2.0)
|   |   |   |   |   age > 16: conceded_pass (8.0/1.0)
|   |   |   |   famsup = no: sufficient (2.0)
G2 = sufficient: sufficient (71.0/11.0)
G2 = good: good (42.0/2.0)
G2 = very_good: very_good (8.0)

Number of Leaves  : 	17

Size of the tree : 	23


Time taken to build model: 0.01 seconds

=== Stratified cross-validation ===
=== Summary ===

Correctly Classified Instances         161               81.7259 %
Incorrectly Classified Instances        36               18.2741 %
Kappa statistic                          0.7511
Mean absolute error                      0.1064
Root mean squared error                  0.2566
Relative absolute error                 35.8652 %
Root relative squared error             66.6782 %
Total Number of Instances              197     

=== Detailed Accuracy By Class ===

                 TP Rate  FP Rate  Precision  Recall   F-Measure  MCC      ROC Area  PRC Area  Class
                 0.784    0.044    0.806      0.784    0.795      0.748    0.828     0.594     insufficient
                 0.643    0.065    0.621      0.643    0.632      0.569    0.829     0.485     conceded_pass
                 0.880    0.123    0.815      0.880    0.846      0.747    0.888     0.731     sufficient
                 0.851    0.020    0.930      0.851    0.889      0.858    0.931     0.793     good
                 0.800    0.000    1.000      0.800    0.889      0.890    0.960     0.839     very_good
Weighted Avg.    0.817    0.069    0.822      0.817    0.818      0.756    0.882     0.691     

=== Confusion Matrix ===

  a  b  c  d  e   <-- classified as
 29  4  4  0  0 |  a = insufficient
  6 18  4  0  0 |  b = conceded_pass
  1  7 66  1  0 |  c = sufficient
  0  0  7 40  0 |  d = good
  0  0  0  2  8 |  e = very_good
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Random Forest
=== Run information ===

Scheme:       weka.classifiers.trees.RandomForest -P 100 -I 100 -num-slots 1 -K 0 -M 1.0 -V 0.001 -S 1
Relation:     maths-weka.filters.unsupervised.instance.Randomize-S42-weka.filters.unsupervised.instance.RemovePercentage-P50.0
Instances:    197
Attributes:   33
              school
              sex
              age
              address
              famsize
              Pstatus
              Medu
              Fedu
              Mjob
              Fjob
              reason
              guardian
              traveltime
              studytime
              failures
              schoolsup
              famsup
              paid
              activities
              nursery
              higher
              internet
              romantic
              famrel
              freetime
              goout
              Dalc
              Walc
              health
              absences
              G1
              G2
              G3
Test mode:    10-fold cross-validation

=== Classifier model (full training set) ===

RandomForest

Bagging with 100 iterations and base learner

weka.classifiers.trees.RandomTree -K 0 -M 1.0 -V 0.001 -S 1 -do-not-check-capabilities

Time taken to build model: 0.06 seconds

=== Stratified cross-validation ===
=== Summary ===

Correctly Classified Instances         151               76.6497 %
Incorrectly Classified Instances        46               23.3503 %
Kappa statistic                          0.6707
Mean absolute error                      0.1986
Root mean squared error                  0.2863
Relative absolute error                 66.9077 %
Root relative squared error             74.379  %
Total Number of Instances              197     

=== Detailed Accuracy By Class ===

                 TP Rate  FP Rate  Precision  Recall   F-Measure  MCC      ROC Area  PRC Area  Class
                 0.757    0.038    0.824      0.757    0.789      0.743    0.910     0.796     insufficient
                 0.143    0.036    0.400      0.143    0.211      0.171    0.863     0.432     conceded_pass
                 0.933    0.262    0.686      0.933    0.791      0.652    0.910     0.820     sufficient
                 0.872    0.013    0.953      0.872    0.911      0.886    0.948     0.830     good
                 0.800    0.000    1.000      0.800    0.889      0.890    0.952     0.835     very_good
Weighted Avg.    0.766    0.115    0.751      0.766    0.742      0.669    0.915     0.763     

=== Confusion Matrix ===

  a  b  c  d  e   <-- classified as
 28  1  8  0  0 |  a = insufficient
  6  4 18  0  0 |  b = conceded_pass
  0  5 70  0  0 |  c = sufficient
  0  0  6 41  0 |  d = good
  0  0  0  2  8 |  e = very_good
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Naïve Bayes
=== Run information ===

Scheme:       weka.classifiers.bayes.NaiveBayes 
Relation:     maths-weka.filters.unsupervised.instance.Randomize-S42-weka.filters.unsupervised.instance.RemovePercentage-P50.0
Instances:    197
Attributes:   33
              school
              sex
              age
              address
              famsize
              Pstatus
              Medu
              Fedu
              Mjob
              Fjob
              reason
              guardian
              traveltime
              studytime
              failures
              schoolsup
              famsup
              paid
              activities
              nursery
              higher
              internet
              romantic
              famrel
              freetime
              goout
              Dalc
              Walc
              health
              absences
              G1
              G2
              G3
Test mode:    10-fold cross-validation

=== Classifier model (full training set) ===

Naive Bayes Classifier

                          Class
Attribute          insufficient conceded_pass    sufficient          good     very_good
                         (0.19)        (0.14)        (0.38)        (0.24)        (0.05)
========================================================================================
school
  GP                        32.0          25.0          68.0          44.0          10.0
  MS                         7.0           5.0           9.0           5.0           2.0
  [total]                   39.0          30.0          77.0          49.0          12.0

sex
  F                         25.0          19.0          41.0          22.0           4.0
  M                         14.0          11.0          36.0          27.0           8.0
  [total]                   39.0          30.0          77.0          49.0          12.0

age
  mean                   17.0811       17.2857       16.5467       16.3404          16.4
  std. dev.               1.2385        1.2778        1.1809         1.172         1.562
  weight sum                  37            28            75            47            10
  precision                    1             1             1             1             1

address
  U                         24.0          25.0          59.0          45.0           9.0
  R                         15.0           5.0          18.0           4.0           3.0
  [total]                   39.0          30.0          77.0          49.0          12.0

famsize
  GT3                       32.0          21.0          52.0          34.0           7.0
  LE3                        7.0           9.0          25.0          15.0           5.0
  [total]                   39.0          30.0          77.0          49.0          12.0

Pstatus
  A                          6.0           2.0           6.0           4.0           4.0
  T                         33.0          28.0          71.0          45.0           8.0
  [total]                   39.0          30.0          77.0          49.0          12.0

Medu
  None                       1.0           1.0           1.0           3.0           1.0
  primary                    9.0           7.0          16.0           3.0           1.0
  secondary                 11.0           8.0          15.0          13.0           5.0
  higher                    10.0           9.0          26.0          23.0           7.0
  grade                     11.0           8.0          22.0          10.0           1.0
  [total]                   42.0          33.0          80.0          52.0          15.0

Fedu
  None                       1.0           1.0           1.0           2.0           1.0
  primary                   13.0           5.0          15.0           9.0           1.0
  secondary                  8.0          10.0          21.0           8.0           3.0
  higher                     9.0           7.0          19.0          18.0           6.0
  grade                     11.0          10.0          24.0          15.0           4.0
  [total]                   42.0          33.0          80.0          52.0          15.0

Mjob
  teacher                    4.0           5.0          12.0          10.0           4.0
  health                     2.0           4.0           9.0           9.0           2.0
  services                   8.0           6.0          18.0          13.0           6.0
  at_home                    9.0           6.0          17.0           6.0           1.0
  other                     19.0          12.0          24.0          14.0           2.0
  [total]                   42.0          33.0          80.0          52.0          15.0

Fjob
  teacher                    4.0           1.0           4.0           9.0           5.0
  health                     1.0           3.0           4.0           3.0           2.0
  services                   9.0          15.0          22.0          16.0           2.0
  at_home                    4.0           2.0           3.0           2.0           1.0
  other                     24.0          12.0          47.0          22.0           5.0
  [total]                   42.0          33.0          80.0          52.0          15.0

reason
  home                      13.0          11.0          21.0          14.0           5.0
  course                    14.0          11.0          31.0          15.0           5.0
  reputation                 9.0           8.0          19.0          15.0           3.0
  other                      5.0           2.0           8.0           7.0           1.0
  [total]                   41.0          32.0          79.0          51.0          14.0

guardian
  mother                    30.0          16.0          50.0          35.0           7.0
  father                     7.0           8.0          20.0          13.0           4.0
  other                      3.0           7.0           8.0           2.0           2.0
  [total]                   40.0          31.0          78.0          50.0          13.0

traveltime
  under_15                  20.0          18.0          49.0          37.0           9.0
  15_to_30                  16.0          11.0          21.0          10.0           3.0
  30_to_60                   2.0           2.0           5.0           3.0           1.0
  over_60                    3.0           1.0           4.0           1.0           1.0
  [total]                   41.0          32.0          79.0          51.0          14.0

studytime
  under_2                   11.0           7.0          21.0          15.0           5.0
  2_to_5                    23.0          17.0          40.0          18.0           3.0
  5_to_10                    6.0           5.0          13.0          13.0           4.0
  over_10                    1.0           3.0           5.0           5.0           2.0
  [total]                   41.0          32.0          79.0          51.0          14.0

failures
  mean                    0.7027        0.4643        0.2267        0.0638           0.1
  std. dev.               0.9827        0.7311        0.6016        0.3199           0.3
  weight sum                  37            28            75            47            10
  precision                    1             1             1             1             1

schoolsup
  yes                        8.0           5.0          14.0           3.0           1.0
  no                        31.0          25.0          63.0          46.0          11.0
  [total]                   39.0          30.0          77.0          49.0          12.0

famsup
  yes                       27.0          20.0          47.0          26.0           7.0
  no                        12.0          10.0          30.0          23.0           5.0
  [total]                   39.0          30.0          77.0          49.0          12.0

paid
  yes                       13.0          17.0          43.0          21.0           4.0
  no                        26.0          13.0          34.0          28.0           8.0
  [total]                   39.0          30.0          77.0          49.0          12.0

activities
  yes                       19.0          16.0          40.0          25.0           8.0
  no                        20.0          14.0          37.0          24.0           4.0
  [total]                   39.0          30.0          77.0          49.0          12.0

nursery
  yes                       32.0          26.0          57.0          38.0          10.0
  no                         7.0           4.0          20.0          11.0           2.0
  [total]                   39.0          30.0          77.0          49.0          12.0

higher
  yes                       35.0          28.0          74.0          48.0          11.0
  no                         4.0           2.0           3.0           1.0           1.0
  [total]                   39.0          30.0          77.0          49.0          12.0

internet
  yes                       27.0          24.0          64.0          44.0          10.0
  no                        12.0           6.0          13.0           5.0           2.0
  [total]                   39.0          30.0          77.0          49.0          12.0

romantic
  yes                       17.0          11.0          25.0          14.0           1.0
  no                        22.0          19.0          52.0          35.0          11.0
  [total]                   39.0          30.0          77.0          49.0          12.0

famrel
  very_bad                   2.0           1.0           4.0           2.0           1.0
  bad                        4.0           3.0           4.0           4.0           1.0
  average                    1.0           1.0           1.0           1.0           1.0
  good                       6.0           6.0          12.0           5.0           2.0
  excellent                 11.0           4.0          19.0          16.0           7.0
  very_good                 19.0          19.0          41.0          25.0           4.0
  [total]                   43.0          34.0          81.0          53.0          16.0

freetime
  very_low                   4.0           3.0           6.0           1.0           1.0
  low                        2.0           5.0          16.0           9.0           4.0
  average                   21.0          11.0          28.0          22.0           3.0
  high                      11.0          12.0          23.0          18.0           3.0
  very_high                  4.0           2.0           7.0           2.0           4.0
  [total]                   42.0          33.0          80.0          52.0          15.0

goout
  very_low                   4.0           2.0           6.0           5.0           1.0
  low                        7.0           4.0          27.0          15.0           3.0
  average                   14.0          11.0          26.0          18.0           6.0
  high                      10.0          12.0          15.0          10.0           3.0
  very_high                  7.0           4.0           6.0           4.0           2.0
  [total]                   42.0          33.0          80.0          52.0          15.0

Dalc
  very_low                  30.0          20.0          52.0          37.0           9.0
  low                        7.0           5.0          17.0           9.0           3.0
  average                    1.0           5.0           8.0           4.0           1.0
  high                       2.0           2.0           1.0           1.0           1.0
  very_high                  2.0           1.0           2.0           1.0           1.0
  [total]                   42.0          33.0          80.0          52.0          15.0

Walc
  very_low                  19.0          11.0          21.0          23.0           8.0
  low                       10.0           6.0          19.0          10.0           2.0
  average                    7.0           8.0          19.0          11.0           2.0
  high                       3.0           6.0          14.0           5.0           1.0
  very_high                  3.0           2.0           7.0           3.0           2.0
  [total]                   42.0          33.0          80.0          52.0          15.0

health
  very_bad                   2.0           3.0           9.0           9.0           3.0
  bad                        5.0           4.0           9.0           7.0           2.0
  average                   11.0           8.0          19.0           8.0           1.0
  good                      10.0           5.0          10.0           6.0           4.0
  very_good                 14.0          13.0          33.0          22.0           5.0
  [total]                   42.0          33.0          80.0          52.0          15.0

absences
  mean                    4.9831       10.0446        6.0417        3.3245             5
  std. dev.               6.5574       14.2316        7.7448        3.7258        7.2887
  weight sum                  37            28            75            47            10
  precision                3.125         3.125         3.125         3.125         3.125

G1
  insufficient              28.0           8.0           3.0           1.0           1.0
  conceded_pass              9.0          14.0          20.0           1.0           1.0
  sufficient                 3.0           9.0          48.0          16.0           1.0
  good                       1.0           1.0           8.0          32.0           6.0
  very_good                  1.0           1.0           1.0           2.0           6.0
  [total]                   42.0          33.0          80.0          52.0          15.0

G2
  insufficient              30.0           5.0           1.0           1.0           1.0
  conceded_pass              7.0          23.0          16.0           1.0           1.0
  sufficient                 3.0           3.0          61.0           8.0           1.0
  good                       1.0           1.0           1.0          41.0           3.0
  very_good                  1.0           1.0           1.0           1.0           9.0
  [total]                   42.0          33.0          80.0          52.0          15.0



Time taken to build model: 0 seconds

=== Stratified cross-validation ===
=== Summary ===

Correctly Classified Instances         132               67.0051 %
Incorrectly Classified Instances        65               32.9949 %
Kappa statistic                          0.547 
Mean absolute error                      0.1465
Root mean squared error                  0.3174
Relative absolute error                 49.3651 %
Root relative squared error             82.4722 %
Total Number of Instances              197     

=== Detailed Accuracy By Class ===

                 TP Rate  FP Rate  Precision  Recall   F-Measure  MCC      ROC Area  PRC Area  Class
                 0.784    0.088    0.674      0.784    0.725      0.658    0.903     0.723     insufficient
                 0.179    0.065    0.313      0.179    0.227      0.145    0.758     0.304     conceded_pass
                 0.733    0.205    0.688      0.733    0.710      0.522    0.831     0.688     sufficient
                 0.830    0.087    0.750      0.830    0.788      0.719    0.918     0.783     good
                 0.400    0.011    0.667      0.400    0.500      0.497    0.792     0.591     very_good
Weighted Avg.    0.670    0.125    0.646      0.670    0.652      0.540    0.853     0.658     

=== Confusion Matrix ===

  a  b  c  d  e   <-- classified as
 29  4  3  0  1 |  a = insufficient
  8  5 15  0  0 |  b = conceded_pass
  6  6 55  8  0 |  c = sufficient
  0  1  6 39  1 |  d = good
  0  0  1  5  4 |  e = very_good
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Maths Training (Training Set)
=== Run information ===

Scheme:       weka.classifiers.trees.J48 -C 0.25 -M 2
Relation:     maths-weka.filters.unsupervised.instance.Randomize-S42-weka.filters.unsupervised.instance.RemovePercentage-P50.0
Instances:    197
Attributes:   33
              school
              sex
              age
              address
              famsize
              Pstatus
              Medu
              Fedu
              Mjob
              Fjob
              reason
              guardian
              traveltime
              studytime
              failures
              schoolsup
              famsup
              paid
              activities
              nursery
              higher
              internet
              romantic
              famrel
              freetime
              goout
              Dalc
              Walc
              health
              absences
              G1
              G2
              G3
Test mode:    evaluate on training data

=== Classifier model (full training set) ===

J48 pruned tree
------------------

G2 = insufficient: insufficient (33.0/4.0)
G2 = conceded_pass
|   Fjob = teacher: sufficient (1.0)
|   Fjob = health: conceded_pass (2.0)
|   Fjob = services: conceded_pass (14.0/2.0)
|   Fjob = at_home: insufficient (2.0/1.0)
|   Fjob = other
|   |   schoolsup = yes: insufficient (3.0/1.0)
|   |   schoolsup = no
|   |   |   famrel = very_bad: sufficient (0.0)
|   |   |   famrel = bad: insufficient (1.0)
|   |   |   famrel = average: sufficient (0.0)
|   |   |   famrel = good: sufficient (2.0)
|   |   |   famrel = excellent: sufficient (6.0/1.0)
|   |   |   famrel = very_good
|   |   |   |   famsup = yes
|   |   |   |   |   age <= 16: sufficient (2.0)
|   |   |   |   |   age > 16: conceded_pass (8.0/1.0)
|   |   |   |   famsup = no: sufficient (2.0)
G2 = sufficient: sufficient (71.0/11.0)
G2 = good: good (42.0/2.0)
G2 = very_good: very_good (8.0)

Number of Leaves  : 	17

Size of the tree : 	23


Time taken to build model: 0 seconds

=== Evaluation on training set ===

Time taken to test model on training data: 0 seconds

=== Summary ===

Correctly Classified Instances         174               88.3249 %
Incorrectly Classified Instances        23               11.6751 %
Kappa statistic                          0.8401
Mean absolute error                      0.0805
Root mean squared error                  0.2006
Relative absolute error                 27.1439 %
Root relative squared error             52.1506 %
Total Number of Instances              197     

=== Detailed Accuracy By Class ===

                 TP Rate  FP Rate  Precision  Recall   F-Measure  MCC      ROC Area  PRC Area  Class
                 0.892    0.038    0.846      0.892    0.868      0.837    0.964     0.840     insufficient
                 0.750    0.018    0.875      0.750    0.808      0.782    0.949     0.780     conceded_pass
                 0.960    0.098    0.857      0.960    0.906      0.846    0.951     0.868     sufficient
                 0.851    0.013    0.952      0.851    0.899      0.872    0.961     0.872     good
                 0.800    0.000    1.000      0.800    0.889      0.890    0.979     0.840     very_good
Weighted Avg.    0.883    0.050    0.888      0.883    0.882      0.844    0.957     0.850     

=== Confusion Matrix ===

  a  b  c  d  e   <-- classified as
 33  1  3  0  0 |  a = insufficient
  5 21  2  0  0 |  b = conceded_pass
  1  2 72  0  0 |  c = sufficient
  0  0  7 40  0 |  d = good
  0  0  0  2  8 |  e = very_good
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Maths Test
=== Run information ===

Scheme:       weka.classifiers.trees.J48 -C 0.25 -M 2
Relation:     maths-weka.filters.unsupervised.instance.Randomize-S42-weka.filters.unsupervised.instance.RemovePercentage-P50.0
Instances:    197
Attributes:   33
              school
              sex
              age
              address
              famsize
              Pstatus
              Medu
              Fedu
              Mjob
              Fjob
              reason
              guardian
              traveltime
              studytime
              failures
              schoolsup
              famsup
              paid
              activities
              nursery
              higher
              internet
              romantic
              famrel
              freetime
              goout
              Dalc
              Walc
              health
              absences
              G1
              G2
              G3
Test mode:    user supplied test set:  size unknown (reading incrementally)

=== Classifier model (full training set) ===

J48 pruned tree
------------------

G2 = insufficient: insufficient (33.0/4.0)
G2 = conceded_pass
|   Fjob = teacher: sufficient (1.0)
|   Fjob = health: conceded_pass (2.0)
|   Fjob = services: conceded_pass (14.0/2.0)
|   Fjob = at_home: insufficient (2.0/1.0)
|   Fjob = other
|   |   schoolsup = yes: insufficient (3.0/1.0)
|   |   schoolsup = no
|   |   |   famrel = very_bad: sufficient (0.0)
|   |   |   famrel = bad: insufficient (1.0)
|   |   |   famrel = average: sufficient (0.0)
|   |   |   famrel = good: sufficient (2.0)
|   |   |   famrel = excellent: sufficient (6.0/1.0)
|   |   |   famrel = very_good
|   |   |   |   famsup = yes
|   |   |   |   |   age <= 16: sufficient (2.0)
|   |   |   |   |   age > 16: conceded_pass (8.0/1.0)
|   |   |   |   famsup = no: sufficient (2.0)
G2 = sufficient: sufficient (71.0/11.0)
G2 = good: good (42.0/2.0)
G2 = very_good: very_good (8.0)

Number of Leaves  : 	17

Size of the tree : 	23


Time taken to build model: 0 seconds

=== Evaluation on test set ===

Time taken to test model on supplied test set: 0 seconds

=== Summary ===

Correctly Classified Instances         152               76.7677 %
Incorrectly Classified Instances        46               23.2323 %
Kappa statistic                          0.661 
Mean absolute error                      0.1222
Root mean squared error                  0.2834
Relative absolute error                 41.8392 %
Root relative squared error             74.8178 %
Total Number of Instances              198     

=== Detailed Accuracy By Class ===

                 TP Rate  FP Rate  Precision  Recall   F-Measure  MCC      ROC Area  PRC Area  Class
                 0.758    0.067    0.694      0.758    0.725      0.668    0.894     0.715     insufficient
                 0.313    0.048    0.556      0.313    0.400      0.338    0.619     0.358     conceded_pass
                 0.900    0.213    0.779      0.900    0.835      0.685    0.834     0.773     sufficient
                 0.829    0.025    0.879      0.829    0.853      0.823    0.943     0.778     good
                 0.875    0.000    1.000      0.875    0.933      0.933    0.989     0.900     very_good
Weighted Avg.    0.768    0.120    0.755      0.768    0.753      0.661    0.835     0.702     

=== Confusion Matrix ===

  a  b  c  d  e   <-- classified as
 25  4  4  0  0 |  a = insufficient
  9 10 13  0  0 |  b = conceded_pass
  2  4 81  3  0 |  c = sufficient
  0  0  6 29  0 |  d = good
  0  0  0  1  7 |  e = very_good
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Portuguese Training (Cross-Validation)
[bookmark: _Toc225106745]J48
=== Run information ===

Scheme:       weka.classifiers.trees.J48 -C 0.25 -M 2
Relation:     portuguese-weka.filters.unsupervised.instance.Randomize-S42-weka.filters.unsupervised.instance.RemovePercentage-P50.0
Instances:    324
Attributes:   33
              school
              sex
              age
              address
              famsize
              Pstatus
              Medu
              Fedu
              Mjob
              Fjob
              reason
              guardian
              traveltime
              studytime
              failures
              schoolsup
              famsup
              paid
              activities
              nursery
              higher
              internet
              romantic
              famrel
              freetime
              goout
              Dalc
              Walc
              health
              absences
              G1
              G2
              G3
Test mode:    10-fold cross-validation

=== Classifier model (full training set) ===

J48 pruned tree
------------------

G2 = insufficient
|   G1 = insufficient: insufficient (9.0/1.0)
|   G1 = conceded_pass: conceded_pass (3.0)
|   G1 = sufficient: insufficient (0.0)
|   G1 = good: insufficient (0.0)
|   G1 = very_good: insufficient (0.0)
G2 = conceded_pass
|   G1 = insufficient: conceded_pass (15.0/3.0)
|   G1 = conceded_pass
|   |   internet = yes
|   |   |   absences <= 1: sufficient (5.0)
|   |   |   absences > 1: conceded_pass (15.0/3.0)
|   |   internet = no: sufficient (4.0)
|   G1 = sufficient
|   |   romantic = yes: sufficient (9.0)
|   |   romantic = no
|   |   |   goout = very_low: conceded_pass (1.0)
|   |   |   goout = low: conceded_pass (2.0)
|   |   |   goout = average: sufficient (6.0)
|   |   |   goout = high: sufficient (1.0)
|   |   |   goout = very_high: conceded_pass (1.0)
|   G1 = good: sufficient (0.0)
|   G1 = very_good: sufficient (0.0)
G2 = sufficient: sufficient (175.0/30.0)
G2 = good: good (71.0/7.0)
G2 = very_good
|   Walc = very_low: very_good (0.0)
|   Walc = low: very_good (3.0)
|   Walc = average: good (3.0)
|   Walc = high: very_good (1.0)
|   Walc = very_high: very_good (0.0)

Number of Leaves  : 	24

Size of the tree : 	32


Time taken to build model: 0 seconds

=== Stratified cross-validation ===
=== Summary ===

Correctly Classified Instances         264               81.4815 %
Incorrectly Classified Instances        60               18.5185 %
Kappa statistic                          0.68  
Mean absolute error                      0.1124
Root mean squared error                  0.254 
Relative absolute error                 45.7374 %
Root relative squared error             72.6385 %
Total Number of Instances              324     

=== Detailed Accuracy By Class ===

                 TP Rate  FP Rate  Precision  Recall   F-Measure  MCC      ROC Area  PRC Area  Class
                 0.727    0.006    0.800      0.727    0.762      0.755    0.923     0.740     insufficient
                 0.622    0.031    0.719      0.622    0.667      0.629    0.818     0.602     conceded_pass
                 0.949    0.270    0.807      0.949    0.872      0.704    0.811     0.741     sufficient
                 0.692    0.034    0.887      0.692    0.778      0.715    0.831     0.721     good
                 0.333    0.003    0.750      0.333    0.462      0.491    0.864     0.304     very_good
Weighted Avg.    0.815    0.160    0.818      0.815    0.807      0.694    0.823     0.707     

=== Confusion Matrix ===

   a   b   c   d   e   <-- classified as
   8   2   1   0   0 |   a = insufficient
   2  23  12   0   0 |   b = conceded_pass
   0   7 167   2   0 |   c = sufficient
   0   0  27  63   1 |   d = good
   0   0   0   6   3 |   e = very_good
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Random Forest
=== Run information ===

Scheme:       weka.classifiers.trees.RandomForest -P 100 -I 100 -num-slots 1 -K 0 -M 1.0 -V 0.001 -S 1
Relation:     portuguese-weka.filters.unsupervised.instance.Randomize-S42-weka.filters.unsupervised.instance.RemovePercentage-P50.0
Instances:    324
Attributes:   33
              school
              sex
              age
              address
              famsize
              Pstatus
              Medu
              Fedu
              Mjob
              Fjob
              reason
              guardian
              traveltime
              studytime
              failures
              schoolsup
              famsup
              paid
              activities
              nursery
              higher
              internet
              romantic
              famrel
              freetime
              goout
              Dalc
              Walc
              health
              absences
              G1
              G2
              G3
Test mode:    10-fold cross-validation

=== Classifier model (full training set) ===

RandomForest

Bagging with 100 iterations and base learner

weka.classifiers.trees.RandomTree -K 0 -M 1.0 -V 0.001 -S 1 -do-not-check-capabilities

Time taken to build model: 0.03 seconds

=== Stratified cross-validation ===
=== Summary ===

Correctly Classified Instances         257               79.321  %
Incorrectly Classified Instances        67               20.679  %
Kappa statistic                          0.6294
Mean absolute error                      0.1655
Root mean squared error                  0.2666
Relative absolute error                 67.3365 %
Root relative squared error             76.2515 %
Total Number of Instances              324     

=== Detailed Accuracy By Class ===

                 TP Rate  FP Rate  Precision  Recall   F-Measure  MCC      ROC Area  PRC Area  Class
                 0.364    0.003    0.800      0.364    0.500      0.530    0.982     0.789     insufficient
                 0.405    0.021    0.714      0.405    0.517      0.497    0.945     0.640     conceded_pass
                 0.966    0.331    0.776      0.966    0.861      0.676    0.855     0.814     sufficient
                 0.725    0.047    0.857      0.725    0.786      0.716    0.895     0.840     good
                 0.222    0.000    1.000      0.222    0.364      0.466    0.929     0.687     very_good
Weighted Avg.    0.793    0.196    0.799      0.793    0.774      0.656    0.883     0.797     

=== Confusion Matrix ===

   a   b   c   d   e   <-- classified as
   4   4   3   0   0 |   a = insufficient
   1  15  21   0   0 |   b = conceded_pass
   0   2 170   4   0 |   c = sufficient
   0   0  25  66   0 |   d = good
   0   0   0   7   2 |   e = very_good
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Naïve Bayes
=== Run information ===

Scheme:       weka.classifiers.bayes.NaiveBayes 
Relation:     portuguese-weka.filters.unsupervised.instance.Randomize-S42-weka.filters.unsupervised.instance.RemovePercentage-P50.0
Instances:    324
Attributes:   33
              school
              sex
              age
              address
              famsize
              Pstatus
              Medu
              Fedu
              Mjob
              Fjob
              reason
              guardian
              traveltime
              studytime
              failures
              schoolsup
              famsup
              paid
              activities
              nursery
              higher
              internet
              romantic
              famrel
              freetime
              goout
              Dalc
              Walc
              health
              absences
              G1
              G2
              G3
Test mode:    10-fold cross-validation

=== Classifier model (full training set) ===

Naive Bayes Classifier

                          Class
Attribute          insufficient conceded_pass    sufficient          good     very_good
                         (0.04)        (0.12)        (0.54)        (0.28)        (0.03)
========================================================================================
school
  GP                         3.0          15.0         122.0          68.0           5.0
  MS                        10.0          24.0          56.0          25.0           6.0
  [total]                   13.0          39.0         178.0          93.0          11.0

sex
  F                          6.0          15.0         101.0          65.0           7.0
  M                          7.0          24.0          77.0          28.0           4.0
  [total]                   13.0          39.0         178.0          93.0          11.0

age
  mean                   17.2727       16.9459       16.7102       16.7143       16.8889
  std. dev.               0.8624        1.3141        1.2929        1.0408        0.9938
  weight sum                  11            37           176            91             9
  precision                    1             1             1             1             1

address
  U                          7.0          27.0         127.0          67.0           8.0
  R                          6.0          12.0          51.0          26.0           3.0
  [total]                   13.0          39.0         178.0          93.0          11.0

famsize
  GT3                       11.0          29.0         121.0          60.0           7.0
  LE3                        2.0          10.0          57.0          33.0           4.0
  [total]                   13.0          39.0         178.0          93.0          11.0

Pstatus
  A                          2.0           5.0          19.0          14.0           1.0
  T                         11.0          34.0         159.0          79.0          10.0
  [total]                   13.0          39.0         178.0          93.0          11.0

Medu
  nonee                      1.0           1.0           4.0           2.0           1.0
  primary                    5.0          16.0          42.0          14.0           4.0
  secondary                  4.0           8.0          31.0          17.0           2.0
  higher                     2.0           6.0          47.0          38.0           6.0
  grade                      4.0          11.0          57.0          25.0           1.0
  [total]                   16.0          42.0         181.0          96.0          14.0

Fedu
  nonee                      1.0           1.0           5.0           1.0           1.0
  primary                    7.0          15.0          52.0          22.0           3.0
  secondary                  2.0           8.0          39.0          16.0           1.0
  higher                     1.0           8.0          34.0          35.0           3.0
  grade                      5.0          10.0          51.0          22.0           6.0
  [total]                   16.0          42.0         181.0          96.0          14.0

Mjob
  teacher                    2.0           3.0          18.0          13.0           4.0
  health                     1.0           4.0          12.0          13.0           3.0
  services                   4.0           7.0          37.0          24.0           1.0
  at_home                    3.0          18.0          36.0          13.0           4.0
  other                      6.0          10.0          78.0          33.0           2.0
  [total]                   16.0          42.0         181.0          96.0          14.0

Fjob
  teacher                    1.0           3.0           8.0          12.0           3.0
  health                     1.0           2.0           9.0           6.0           2.0
  services                   4.0          14.0          56.0          24.0           3.0
  at_home                    2.0           3.0          11.0           7.0           2.0
  other                      8.0          20.0          97.0          47.0           4.0
  [total]                   16.0          42.0         181.0          96.0          14.0

reason
  home                       2.0           8.0          43.0          19.0           4.0
  course                     6.0          24.0          79.0          41.0           5.0
  reputation                 2.0           2.0          37.0          24.0           3.0
  other                      5.0           7.0          21.0          11.0           1.0
  [total]                   15.0          41.0         180.0          95.0          13.0

guardian
  mother                    10.0          25.0         121.0          64.0           5.0
  father                     3.0           7.0          43.0          25.0           6.0
  other                      1.0           8.0          15.0           5.0           1.0
  [total]                   14.0          40.0         179.0          94.0          12.0

traveltime
  under_15                   9.0          19.0          96.0          59.0           6.0
  15_to_30                   3.0          16.0          64.0          26.0           4.0
  30_to_60                   2.0           4.0          12.0           9.0           2.0
  over_60                    1.0           2.0           8.0           1.0           1.0
  [total]                   15.0          41.0         180.0          95.0          13.0

studytime
  under_2                    7.0          18.0          60.0          15.0           2.0
  2_to_5                     6.0          17.0          81.0          46.0           7.0
  5_to_10                    1.0           5.0          29.0          29.0           2.0
  over_10                    1.0           1.0          10.0           5.0           2.0
  [total]                   15.0          41.0         180.0          95.0          13.0

failures
  mean                    0.8182        0.8108        0.1648         0.011             0
  std. dev.               0.7158        0.9819        0.4898        0.1667        0.1667
  weight sum                  11            37           176            91             9
  precision                    1             1             1             1             1

schoolsup
  yes                        1.0           6.0          28.0           3.0           1.0
  no                        12.0          33.0         150.0          90.0          10.0
  [total]                   13.0          39.0         178.0          93.0          11.0

famsup
  yes                        5.0          25.0         108.0          61.0           5.0
  no                         8.0          14.0          70.0          32.0           6.0
  [total]                   13.0          39.0         178.0          93.0          11.0

paid
  yes                        1.0           6.0          11.0           5.0           1.0
  no                        12.0          33.0         167.0          88.0          10.0
  [total]                   13.0          39.0         178.0          93.0          11.0

activities
  yes                        6.0          16.0          86.0          50.0           5.0
  no                         7.0          23.0          92.0          43.0           6.0
  [total]                   13.0          39.0         178.0          93.0          11.0

nursery
  yes                        9.0          27.0         149.0          78.0           6.0
  no                         4.0          12.0          29.0          15.0           5.0
  [total]                   13.0          39.0         178.0          93.0          11.0

higher
  yes                        9.0          26.0         161.0          91.0          10.0
  no                         4.0          13.0          17.0           2.0           1.0
  [total]                   13.0          39.0         178.0          93.0          11.0

internet
  yes                        9.0          27.0         138.0          76.0           8.0
  no                         4.0          12.0          40.0          17.0           3.0
  [total]                   13.0          39.0         178.0          93.0          11.0

romantic
  yes                        8.0          16.0          62.0          37.0           3.0
  no                         5.0          23.0         116.0          56.0           8.0
  [total]                   13.0          39.0         178.0          93.0          11.0

famrel
  very_bad                   2.0           4.0           5.0           1.0           1.0
  bad                        2.0           1.0          11.0           7.0           1.0
  average                    1.0           1.0           1.0           1.0           1.0
  good                       4.0           7.0          30.0          12.0           4.0
  excellent                  4.0          11.0          43.0          20.0           4.0
  very_good                  4.0          19.0          92.0          56.0           4.0
  [total]                   17.0          43.0         182.0          97.0          15.0

freetime
  very_low                   2.0           3.0          17.0           3.0           1.0
  low                        3.0           5.0          26.0          24.0           4.0
  average                    4.0          16.0          69.0          34.0           5.0
  high                       5.0          13.0          51.0          29.0           1.0
  very_high                  2.0           5.0          18.0           6.0           3.0
  [total]                   16.0          42.0         181.0          96.0          14.0

goout
  very_low                   4.0           5.0          11.0           9.0           1.0
  low                        2.0           9.0          37.0          25.0           6.0
  average                    3.0          12.0          67.0          24.0           3.0
  high                       3.0          12.0          39.0          24.0           2.0
  very_high                  4.0           4.0          27.0          14.0           2.0
  [total]                   16.0          42.0         181.0          96.0          14.0

Dalc
  very_low                   5.0          21.0         126.0          71.0           9.0
  low                        6.0          11.0          29.0          20.0           2.0
  average                    1.0           5.0          18.0           3.0           1.0
  high                       3.0           2.0           5.0           1.0           1.0
  very_high                  1.0           3.0           3.0           1.0           1.0
  [total]                   16.0          42.0         181.0          96.0          14.0

Walc
  very_low                   3.0          14.0          68.0          43.0           5.0
  low                        4.0           7.0          46.0          22.0           5.0
  average                    3.0           9.0          28.0          19.0           1.0
  high                       3.0           9.0          23.0           9.0           2.0
  very_high                  3.0           3.0          16.0           3.0           1.0
  [total]                   16.0          42.0         181.0          96.0          14.0

health
  very_bad                   1.0           6.0          17.0          19.0           4.0
  bad                        1.0           6.0          23.0          17.0           2.0
  average                    3.0           8.0          41.0          14.0           3.0
  good                       1.0           6.0          33.0          20.0           3.0
  very_good                 10.0          16.0          67.0          26.0           2.0
  [total]                   16.0          42.0         181.0          96.0          14.0

absences
  mean                    1.7225        5.9744        3.6872         2.967        1.7544
  std. dev.               2.8923        5.5447        4.4932        4.3152        3.1088
  weight sum                  11            37           176            91             9
  precision               1.5789        1.5789        1.5789        1.5789        1.5789

G1
  insufficient              11.0          16.0           4.0           1.0           1.0
  conceded_pass              1.0          19.0          33.0           1.0           1.0
  sufficient                 2.0           5.0         128.0          32.0           1.0
  good                       1.0           1.0          15.0          61.0           6.0
  very_good                  1.0           1.0           1.0           1.0           5.0
  [total]                   16.0          42.0         181.0          96.0          14.0

G2
  insufficient               9.0           5.0           1.0           1.0           1.0
  conceded_pass              3.0          29.0          30.0           1.0           1.0
  sufficient                 2.0           6.0         146.0          25.0           1.0
  good                       1.0           1.0           3.0          65.0           6.0
  very_good                  1.0           1.0           1.0           4.0           5.0
  [total]                   16.0          42.0         181.0          96.0          14.0



Time taken to build model: 0 seconds

=== Stratified cross-validation ===
=== Summary ===

Correctly Classified Instances         239               73.7654 %
Incorrectly Classified Instances        85               26.2346 %
Kappa statistic                          0.5698
Mean absolute error                      0.1246
Root mean squared error                  0.2929
Relative absolute error                 50.6954 %
Root relative squared error             83.7721 %
Total Number of Instances              324     

=== Detailed Accuracy By Class ===

                 TP Rate  FP Rate  Precision  Recall   F-Measure  MCC      ROC Area  PRC Area  Class
                 0.364    0.010    0.571      0.364    0.444      0.441    0.863     0.494     insufficient
                 0.676    0.070    0.556      0.676    0.610      0.557    0.911     0.513     conceded_pass
                 0.795    0.223    0.809      0.795    0.802      0.572    0.849     0.822     sufficient
                 0.747    0.120    0.708      0.747    0.727      0.617    0.899     0.827     good
                 0.222    0.003    0.667      0.222    0.333      0.376    0.831     0.412     very_good
Weighted Avg.    0.738    0.163    0.740      0.738    0.734      0.573    0.870     0.766     

=== Confusion Matrix ===

   a   b   c   d   e   <-- classified as
   4   5   1   1   0 |   a = insufficient
   1  25  11   0   0 |   b = conceded_pass
   2  14 140  20   0 |   c = sufficient
   0   1  21  68   1 |   d = good
   0   0   0   7   2 |   e = very_good

[bookmark: _Toc225106748]
Portuguese Training (Training Set)
=== Run information ===

Scheme:       weka.classifiers.trees.J48 -C 0.25 -M 2
Relation:     portuguese-weka.filters.unsupervised.instance.Randomize-S42-weka.filters.unsupervised.instance.RemovePercentage-P50.0
Instances:    324
Attributes:   33
              school
              sex
              age
              address
              famsize
              Pstatus
              Medu
              Fedu
              Mjob
              Fjob
              reason
              guardian
              traveltime
              studytime
              failures
              schoolsup
              famsup
              paid
              activities
              nursery
              higher
              internet
              romantic
              famrel
              freetime
              goout
              Dalc
              Walc
              health
              absences
              G1
              G2
              G3
Test mode:    evaluate on training data

=== Classifier model (full training set) ===

J48 pruned tree
------------------

G2 = insufficient
|   G1 = insufficient: insufficient (9.0/1.0)
|   G1 = conceded_pass: conceded_pass (3.0)
|   G1 = sufficient: insufficient (0.0)
|   G1 = good: insufficient (0.0)
|   G1 = very_good: insufficient (0.0)
G2 = conceded_pass
|   G1 = insufficient: conceded_pass (15.0/3.0)
|   G1 = conceded_pass
|   |   internet = yes
|   |   |   absences <= 1: sufficient (5.0)
|   |   |   absences > 1: conceded_pass (15.0/3.0)
|   |   internet = no: sufficient (4.0)
|   G1 = sufficient
|   |   romantic = yes: sufficient (9.0)
|   |   romantic = no
|   |   |   goout = very_low: conceded_pass (1.0)
|   |   |   goout = low: conceded_pass (2.0)
|   |   |   goout = average: sufficient (6.0)
|   |   |   goout = high: sufficient (1.0)
|   |   |   goout = very_high: conceded_pass (1.0)
|   G1 = good: sufficient (0.0)
|   G1 = very_good: sufficient (0.0)
G2 = sufficient: sufficient (175.0/30.0)
G2 = good: good (71.0/7.0)
G2 = very_good
|   Walc = very_low: very_good (0.0)
|   Walc = low: very_good (3.0)
|   Walc = average: good (3.0)
|   Walc = high: very_good (1.0)
|   Walc = very_high: very_good (0.0)

Number of Leaves  : 	24

Size of the tree : 	32


Time taken to build model: 0 seconds

=== Evaluation on training set ===

Time taken to test model on training data: 0 seconds

=== Summary ===

Correctly Classified Instances         280               86.4198 %
Incorrectly Classified Instances        44               13.5802 %
Kappa statistic                          0.7683
Mean absolute error                      0.0938
Root mean squared error                  0.2165
Relative absolute error                 38.1881 %
Root relative squared error             61.9393 %
Total Number of Instances              324     

=== Detailed Accuracy By Class ===

                 TP Rate  FP Rate  Precision  Recall   F-Measure  MCC      ROC Area  PRC Area  Class
                 0.727    0.003    0.889      0.727    0.800      0.798    0.965     0.727     insufficient
                 0.838    0.021    0.838      0.838    0.838      0.817    0.946     0.774     conceded_pass
                 0.966    0.203    0.850      0.966    0.904      0.782    0.904     0.867     sufficient
                 0.736    0.030    0.905      0.736    0.812      0.756    0.896     0.766     good
                 0.444    0.000    1.000      0.444    0.615      0.661    0.942     0.511     very_good
Weighted Avg.    0.864    0.121    0.870      0.864    0.859      0.776    0.909     0.813     

=== Confusion Matrix ===

   a   b   c   d   e   <-- classified as
   8   2   1   0   0 |   a = insufficient
   1  31   5   0   0 |   b = conceded_pass
   0   4 170   2   0 |   c = sufficient
   0   0  24  67   0 |   d = good
   0   0   0   5   4 |   e = very_good

[bookmark: _Toc225106749]
Portuguese Test
=== Run information ===

Scheme:       weka.classifiers.trees.J48 -C 0.25 -M 2
Relation:     portuguese-weka.filters.unsupervised.instance.Randomize-S42-weka.filters.unsupervised.instance.RemovePercentage-P50.0
Instances:    324
Attributes:   33
              school
              sex
              age
              address
              famsize
              Pstatus
              Medu
              Fedu
              Mjob
              Fjob
              reason
              guardian
              traveltime
              studytime
              failures
              schoolsup
              famsup
              paid
              activities
              nursery
              higher
              internet
              romantic
              famrel
              freetime
              goout
              Dalc
              Walc
              health
              absences
              G1
              G2
              G3
Test mode:    user supplied test set:  size unknown (reading incrementally)

=== Classifier model (full training set) ===

J48 pruned tree
------------------

G2 = insufficient
|   G1 = insufficient: insufficient (9.0/1.0)
|   G1 = conceded_pass: conceded_pass (3.0)
|   G1 = sufficient: insufficient (0.0)
|   G1 = good: insufficient (0.0)
|   G1 = very_good: insufficient (0.0)
G2 = conceded_pass
|   G1 = insufficient: conceded_pass (15.0/3.0)
|   G1 = conceded_pass
|   |   internet = yes
|   |   |   absences <= 1: sufficient (5.0)
|   |   |   absences > 1: conceded_pass (15.0/3.0)
|   |   internet = no: sufficient (4.0)
|   G1 = sufficient
|   |   romantic = yes: sufficient (9.0)
|   |   romantic = no
|   |   |   goout = very_low: conceded_pass (1.0)
|   |   |   goout = low: conceded_pass (2.0)
|   |   |   goout = average: sufficient (6.0)
|   |   |   goout = high: sufficient (1.0)
|   |   |   goout = very_high: conceded_pass (1.0)
|   G1 = good: sufficient (0.0)
|   G1 = very_good: sufficient (0.0)
G2 = sufficient: sufficient (175.0/30.0)
G2 = good: good (71.0/7.0)
G2 = very_good
|   Walc = very_low: very_good (0.0)
|   Walc = low: very_good (3.0)
|   Walc = average: good (3.0)
|   Walc = high: very_good (1.0)
|   Walc = very_high: very_good (0.0)

Number of Leaves  : 	24

Size of the tree : 	32


Time taken to build model: 0 seconds

=== Evaluation on test set ===

Time taken to test model on supplied test set: 0 seconds

=== Summary ===

Correctly Classified Instances         255               78.4615 %
Incorrectly Classified Instances        70               21.5385 %
Kappa statistic                          0.6359
Mean absolute error                      0.1224
Root mean squared error                  0.2752
Relative absolute error                 49.7466 %
Root relative squared error             78.5717 %
Total Number of Instances              325     

=== Detailed Accuracy By Class ===

                 TP Rate  FP Rate  Precision  Recall   F-Measure  MCC      ROC Area  PRC Area  Class
                 0.316    0.016    0.545      0.316    0.400      0.389    0.610     0.300     insufficient
                 0.485    0.082    0.400      0.485    0.438      0.370    0.726     0.295     conceded_pass
                 0.922    0.240    0.825      0.922    0.871      0.697    0.836     0.800     sufficient
                 0.733    0.017    0.940      0.733    0.824      0.781    0.897     0.787     good
                 0.625    0.006    0.714      0.625    0.667      0.660    0.896     0.487     very_good
Weighted Avg.    0.785    0.146    0.793      0.785    0.782      0.667    0.829     0.708     

=== Confusion Matrix ===

   a   b   c   d   e   <-- classified as
   6  11   2   0   0 |   a = insufficient
   5  16  12   0   0 |   b = conceded_pass
   0  13 165   1   0 |   c = sufficient
   0   0  21  63   2 |   d = good
   0   0   0   3   5 |   e = very_good

Annex D: 80% Train/20% Test results
The final test output for the Maths data for the 80/20 split is:
[image: ]
Figure 19: 80/20 Test results for Maths Data
This is much improved on the accuracy of 76.77%, precision of 0.755, recall of 0.768 and F-Score of 0.753 achieved with the 50/50 split.
The final test output for the Portuguese data for the 80/20 split is: 
[image: ]
Figure 20: 80/20 Test results for Portuguese Data
This is also an improvement on the accuracy of 78.46%, precision of 0.793, recall of 0.785 and F-Measure of 0.782 achieved in the 50/50 split.
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%1, Title: Student Maths Results

2. Sources:
% (a) Creator: Paulo Cortez
% (b) Date: November, 2012

: Number of Instances: 395
%4: Number of Actributes: 3 numeric, 30 categories
GRELATION maths

GATTRIBUTE school {(GP, MS}
GATTRISUTE sex (¥, M}

GATTRIBUTE age NUMERIC

GATTRISUTE address (U,R}

EATTRIBUTE famsize (LE3, GT3}

GATTRISUTE Pstatus (T,A}

@ATTRIBUTE Medu NUMERIC

@ATTRIBUTE Fedu NUMERIC

@ATTRIBUTE Mjob {teacher, health, services, at_home, other}
@ATTRIBUTE Fiob {teacher, health, services, at_home, other}
GATTRIBUTE reason {(nome, reputation, course, other}
GATTRIBUTE guardian {mother, father, other}

@ATTRIBUTE traveltime NUMERIC
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GE/F, 16U, GT3,T, secondazy, secondaxy, othes, other, home, father, undex 15,2 %o S, 0,50, yes, yes, 0o, yes, yes,no, o, very_good, average, Low, very_low, 1ow, very_good, 4, insufficient, sufficient, sufficient

GE/M, 16U, L3, T, higher, secondary, services, other, reputation, mothes, undeZ_15,2_to_S,0,no, ves, ves, yes, ves, yes, yes,no, excellent, high, low, very_low, low, very good,10,good, good, good

GE/M, 16,U,1E3,T, grade, Grade, other, othes, home, mother, undex 15, 2_to 50,55, 00,80, R0, Ves, ves, yes, no, very_good, high, hich, very_low,very_low,average,0, aufficient, sufficient, sufficient

GE/F,17,U, 63, A higher, higher, other, teacher, home, mothes, 15_to_30,2_to_S, 0, yes, ves, no, ao, yes, yes, ao,ne, very goed, very low,Bigh, very low,very low,very_bad,€,insufficient,insufficient, insufficient
B/, 15U, 1E3, &, secondazy, grade, sexvices, other, home, mother, undex 15,2 %0_S,0,50, yes, yes, o, yes, yes, yes, no, very_good, 1ow, Low, very_low, very_low,very_bad,0, good, very_good, very_good

GE/M, 15, U, GT3,T, secondazy, higher, other, ofhes, home, mothes, undex_13,2 to_S,0,n0, yes, yes, ves, yes, yes, ves, o, excellent, very high, very_low, very low,very low,very good,0,good, Good, god

GE/F,15,U,GI3,T, highes, higher, ceacher, health, reputation, mothes, undeZ_15,2_to 5,010, yes, yes, no, yes, yes, yes, no, good, average, average, very_low, low,bad, 0, sufficient, conceded_pass, conceded pass
GE,F,15,U,GT3,T, grade, primary, services, other, reputation, father, 30_to_60, 5 to_10,0,00,yes, o, yes, yes, yes, yes, no, excellent, Low, Low, very_Low, very_low, good, 4, sufficient, sufficient, sufficient

GE/M, 15, U, LE3, T, higher, higher, health, services, courae, father, undex_1S,undex_2,0,00, yes, ves, yes, yes, yes, yes, no, very_good, average, average, very_low, average, very_good, 2, good, good, good

GE/M, 15, U, GT3,T, highes, secondary, teacher, other, courae, mothex, 15_ta_30,2_to_,0,no, yes, yes,no, yes, ves, ves, no, excellent, high, average, very_low, low, average, 2, sufficient, sufficient, sufficient

GE,M, 15U, GT3, A, grade, grade, other, othes, home, other, undex 15, 5_t3_10,0,05, yo2, 00,10, yes, ves, yes, yes, very_good, very hich, low, very_low,very low,average, 0, goed, good, good
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27 GPB,F,16,U,GT3,T,grade, grade, services, services, home, mother, undex_15,under_2,2,10, yes, yes,no,no, yes, yes, no, very_bad, 1ow, low, very_low, average, very_good, 14, insufficient, conceded_pass, conceded_pass
25 GP,M,15,U,GT3,T,grade, grade, other, other, home, mother, under_1S,under_2,0,n5, Vs, yes, no, yes, yes, yes, no, very_good, 1ow, Low, very_low, low, very_good, 2, Sufficient, sufficient, sufficient
25 GB,M,15,U,GT3,T,higher, grade, health, services, other, mother, under 1S, under_2,0,10,10, yes, 00, yes, yes, yes, no, bad, Low, high, low, Aigh, very_bad, 4,¢ood, good, good
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52 GB,M,15,U,GT3,T,higher, higher, health, services, home, mother, under_15,2_to_S,0,n0,yes, yes,no,no, yes, yes, no, excellent, high, low, average, high, very_good, 0, conceded_pass, sufficient, sufficient
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=== Detailed Accuracy By Class ===
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Detailed Accuracy By Class

TP Rate [P Rate Precision Recall F-Measure MCC ROC Area PRC Area Class
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