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[bookmark: _Toc225515224]1.1 Business Understanding
Bhatia [1, pp. 18-19] eloquently summarises data mining, as the “automated discovery of unknown patterns in large volumes of data,”. To be beneficial to an organisation, the “patterns must be valid, novel, useful and understandable.” Data mining seeks to turn this vast sea of information accessible and actionable by transforming it into something useful.
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[bookmark: _Toc225514919]Figure 1 CRISP-DM Data Mining Life Cycle based on CRISP-DM 1.0 [2] Copyright © 1999, 2000 & Nicole Leaper visual [3]
CRISP-DM [2] is an industry proven framework, structured in a way that outlines phases and tasks. Fig.1 summarize the core principle. 
1.1 Background: Record information about the business (in this case; schools) situation at beginning of project. Specify the business objective, customer objective, and business success criteria. 
Cortez and Silva [4] explain that at the tail-end of European statistics, sits high failure rates within Portuguese populations despite educational level improvement. The goal; enhancing resource management within school to improve education quality, through more efficient prediction tools, using grades target data. Core subject maths and Portuguese are specified. Using real world data from questionnaires, grades, demographics, school and social features, Business intelligence (BI) and Data Mining (DM) 
“Aim at extracting high-level knowledge from raw data, offer interesting, automated tools that can aid the education domain.”

[bookmark: _Toc225515225]1.2 Data Understanding
The Cortez [5] created data set ‘student performance’ includes a student’s mathematics and or Portuguese language subjects’ performance. Additional variable information [5] specifies if the data is binary, categorical (nominal) or integer (numeric), see fig.2.  
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[bookmark: _Toc225514497]Table 1 Reformatted table of Variable Type [5] sorting by binary, nominal, numeric and target

Cortez’s and Silva’s paper [4] was referred to for clarification on G1 and G2 (0-20 numeric) being listed as categorical under UCI’s [5] variables table;
“In this work, the Mathematics and Portuguese grades (i.e. G3 of Table 1) will be modelled using three supervised approaches: 
1. Binary classification – pass if G3≥10, else fail. 
2. 5-Level classification – system A B C D F (excellent-fail) 
3. Regression – the G3 value (numeric output between 0 and 20).” 
Initial data exploration and familiarisation process was largely performed using Excel to sort by the variables table by category, then cross referencing with the .csv files. Understanding the data set, attributes, instances revealed pre-processing requirements before data mining in Weka [6] could commence, such as converting binary to factors, and the fields being merged using R. 
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[bookmark: _Toc225514498]Table 2 Instances attributes, missing values, duplicate rows comparing d1 (Math student) d2 (Portuguese student) and d3 (merged)
Using historic data has been found to inclined toward bias as seen with predicting student A-Level results as parliament [7] discussed. Given this [5] student data set is not a multi-year dataset, historic data will not be a factor. However, care must still be taken when clustering demographic data, should similarities emerge in legislated protected characteristics under the 2010 Equality Act [8]. Urban and rural address for example may correlate with transport times, parental education, but there may also be unseen underlaying characteristics such as affluence or ethnicity. Such insight should be used with caution or be considered for exclusion within prediction, for fear that it encodes socioeconomic differences and inadvertently reinforces structural inequalities. 
[bookmark: _Toc225515226]R and Excel Screenshot
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[bookmark: _Toc225514920]Figure 2 R studio data merge of mat.csv as d1 and por.csv as d2 into d3 as part of data pre-processing export as .csv (format as .xlsx)
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[bookmark: _Toc225514921]Figure 3 Data exploration in Excel on merged d3 .x and .y columns looking at which instances in d1 and d2 match. Paid, Failures, Absences and Targets vary throughout. Other mismatches contained to 12 rows, change in questionnaire response? Saved as .xlsx

[bookmark: _Toc225515227]1.3.1 Data Pre-Processing
To avoid large portions of the dataset being blank, students studying both subjects needed to be merged into a single dataset. To better explore patterns of student outcomes for predictability purposes, grouping their descriptive parameters and their outcomes as briefed a new data frame (d3) was needed, to capture students who study both subjects. by matching 13 variables (sex, age…internet) as part of data selection. This was done using [9] R. The additional 53 variables in d3, compared with the 33 in d1 and d2, indicate the merged structure of the dataset.
Bhatia [1, p. 58]  lists four stages of data pre-processing:
1. Data Cleaning
Raw or noisy data is cleansed and smoothened by filling missing values, identifying and removing outliers. The dataset [5] is already well prepared and even lists that there are no missing values explaining the dataset.
2. Data Integration
3. Data Transformation
4. Data Reduction
Merging the data so that students only studying one of the two subjects are removed from working dataset. 
After creating and exporting d3, additional .x and .y columns were added. Expecting some duplication with categories like guardian the merge was explored in excel. After checking if the .x and .y columns matched some highlighting and filtering was applied, it revealed the target grades, absences, failures and paid consistently varied and would either need to both be kept or averaged (excluding targets). sorting by travel and study time it seems the variations are clustered across the same 12 rows rather than one instance per row, perhaps indicating a change in circumstance or reason for answering the questionnaires differently. The original paper averages numeric data and keeps only one category. Conditional formatting on G1-G3 shows a scattered pattern throughout. Keeping the .x attributes but replacing numeric value mismatches with an average of the two (excluding targets) following Cortez’s [4] work. 




[bookmark: _Toc225515228]R screenshots
R studio screenshots, merging the data, cleaning the data, exporting to explore and finally integrate data
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[bookmark: _Toc225514922]Figure 4 after initial R merge script from UCI the additional attributes needed collapsing excluding the target variables by renaming them from .x and .y for .mat and .por then keeping .x as the new data with averaged numeric values if d1 and d2 didn’t match
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[bookmark: _Toc225514923]Figure 5 Once the merge is complete, verify by checking if there are 36 variables G1-G3 per subject are kept, convert nominal categories to factors and binary to binary before exporting as csv. Quick average check in csv if failures has 0.5 included
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Creating ARFF File[image: ]
[bookmark: _Toc225514924]Figure 6 Additional columns changing G1,G2,G3 for Maths and Portuguese into pass fail binary and 5-layer Grades A-F
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[bookmark: _Toc225514925]Figure 7 Creating the ARFF file in notepad after opening csv without using , delimiter to paste into txt file. G1.mat now G1_mat

[bookmark: _Toc225514926]Figure 8 Histograms of numerical attributes, G1 G2 G3 for maths and Portuguese, age and absence, bar chart shows demographic
Portuguese right skew G3 is indicating better performance. Absence is highly skewed right, indicating most students regularly attend with a few regular absenteeism. Age is narrow, with an outlier. The schools have an even split of male and female, but far more addresses in urban compared with rural. Mother more likely to work in health or at home than father, most family sizes greater than 3. 

[bookmark: _Toc225514927]Figure 9 Box-and whisker plot in Tableau Looking at G1-G3 Maths and Portuguese against absence. Scatter plot positive correlation
Box plot shows Portuguese students with higher performance have fewer absences slightly. Pattern is consistent with decline by G3. Suggesting more consistent attendance with better grade. Math students exhibited lower attendance in G2, moderate in G1 with another rise in G3, with more of a U shape pattern, suggesting attendance is an influence on grades even if small.  The scatter plot shows a positive correlation in both subjects between G1 and G3, visible in the upward slope. Early term grades are strong predictors of final grades. Passing students have a steeper stronger trend, linear progression. 
[bookmark: _Toc225515230]1.3.2 Data Post-Processing 
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[bookmark: _Toc225514928]Figure 10 Viewing the data in Weka
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[bookmark: _Toc225514929]Figure 11 Secondary Pre-Processing, standardising within Weka in readiness for mdoels#
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[bookmark: _Toc225514930]Figure 12 Visalize in Weka, jitter applied to plot points
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[bookmark: _Toc225514931]Figure 13 Principal Component attempt. Later reverted to a save without Principal Components
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[bookmark: _Toc225514499]Table 3 G3 Math visualised in Weka
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[bookmark: _Toc225514500]Table 4 G3 Portuguese visualised in Weka


[bookmark: _Toc225515231]1.4 Sample Run & Results Regression Models and Classification Models
10-fold cross validation trains on 9 parts tests on the remaining one and repeats 10 times to average the results. 
[bookmark: _Toc225514932]Figure 15 KNN Lazy -> IBK in classify Tab[bookmark: _Toc225514933]Figure 14 Random Forest Maths and Portuguese













[bookmark: _Toc225514934]Figure 16 Linear Regression G3 mat and G3 por

[bookmark: _Toc225514935]Figure 17 REP Tree shows good results

[bookmark: _Toc225514936]Figure 18 M5P Also shows good results best so far
[bookmark: _Toc225514937]Figure 19 Weka Kstar not so good results
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[bookmark: _Toc225514501]Table 5 Regression Models comparison both subjects G3 with correlation, RMSE, MAE and Relative Error

Random Forest showed good results with high correlation and lower error value. However random forest is difficult to explain, especially with something as sensitive as grades where an explanation is necessary at times, it brute forces it to find a good path, we can’t determine why it was best without seeing them all. Across the models, M5P performed the strongest, evident in the highest correlation 0.91-0.93 and lowest error value. Random Forest had good results, but these are often difficult to explain in comparison with a tree which can be visualised and show the paths. Kstar and IBK showed moderate performance but high error.
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[bookmark: _Toc225514502]Table 6 Example of Weka M5P tree visualizer, shows splits e.g. grage <=0.5 / >0.5, eventual split into Mjob and so on
Overall models which incorporate tree structures or linear components provided the most accurate predictions of final grades. Model performance was highly consistent across both subjects, with Portuguese showing slightly lower error values but otherwise predictive behaviour showed no major differences. 

[bookmark: _Toc225514938]Figure 20 Naive Bayes Maths G3 and Portuguese G3
[bookmark: _Toc225514939]Figure 21  J48 nominal classification on Mat G3 grades A-F and Por G3 A-F
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[bookmark: _Toc225514940]Figure 22 Confusion Matrixes for Mat G3 (left) Por G3 (Right) J48 Top and NB Bottom. Evidence of overfitting in J48
Naïve Bayes provided realistic, generalisable performance (85% accuracy), while J48 overfitted due to deterministic grade boundaries. 
[bookmark: _Toc225515232]1.5 Business Recommendations 
Data mining (DM) is also known as “Knowledge Discovery in Data (KDD)”. The internet has contributed significantly to the volume of data, Bhatia [1, p. 19] 2019 notes a prediction. 
“The digital universe will double every two years at least… 50-fold growth from 2010 to 2020.” 
At the time, Bhatia [1, p. 19] listed within the reasons for popularity, alongside disk capacities “decline in the costs of hard drives” , “cheaper storage”, and many other points alluding to technology capabilities for data analysis and the “growth in generation and storage of corporate data”. However, RAM is increasing in price [10] [11] as of 2025 and should be factored into project proposals. 
G1 and G2 are strong predictors of final performance, providing a strong business case that early intervention for students trending below expected progression, following early assessments. Attendance was a consistent, small influence on outcomes, indicating a potential area for additional support for improved achievements. 
Tree-based models including REPTree and M5P were found to perform the best. Linear regression assumes linearity and independence; tree models do not. Capturing non-linear relationships between academic variables as well as demographic and behavioural. These models show potential for supportive use in early warning systems aimed at identifying at risk students. Interpretable decision paths will allow educators to make informed decisions. 
Importantly predictions such as these should be used to support students rather than to penalise them with human oversight central. The results suggest resource allocation, improved academic support can be informed through data driven approaches to contribute to better educational outcomes. 


[bookmark: _Toc225515233]1.6 Reflective Summary
Education is often a fundamental foundation in one’s future and so any deployment should be thoroughly considered, well reviewed, preferably from various perspectives.  
Unconscious bias within data and us must be a forefront consideration within datamining. A personal bias anticipated some correlation between bilingual students’ other subjects before even looking at the dataset, requiring the immediate dismissal of any assumed preconceptions. UWA Address by Tim Minchin [12], 
“Be intellectually rigorous. Identify your biases, your prejudices, your privilege.”
There is often scepticism about predicting something as impactful on life as school grades [13], [14]. Past grades are generally considered the best indicators of future grades, however if repeating this exercise G1 and G2 would have been removed to better explore other possible correlations. Clustering would have also potentially revealed other patterns worth exploring however with several models already explored, further observations could dilute this report. 
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[bookmark: _Toc225514942]Figure 24 Early scatter graph attempt in Tableau
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O -%pla- L@ Go'to fle/function - acdins - 3 project: None)
) student.merge preprocessed2R @ @ @ a (]  Environment History Connections Totorial =0
Source onsave | Q /¥ - SRun | o # Source ~ & [ | 52 import Dataset - | 3 197w - | ust~ | @
33 “ R~ | ik Global Environment =
34 #_ 000000000000 #1st run until here. d3 should have 53 variables - oo .o B e

35 #
36

37 # d3 Merged data has created .x .y columns, many are duplicates

38 # d3 will be used in weka but currently there are .x and .y attributes which can be collapsed first

nursery : chr
dinternet : chr
guardian : chr “mother

‘mothes

mother ‘mother” ...

5 traveltime: num 2111212221 ...
40 # Renaming G1-3 .x and .y to .mat and .por to modify other attributes easier: data clean studytime : num 4213333244...
a1 failures :nun 0.5100101000

"61.x"] <~ "GL.mat”

42 names (d3) [names (d3) x"]
"Gl.y"] <- "Gl.por”

43 names (d3) [names (d3)
44

schoolsup : chr
famsup  : chr
paid : chr

45 names (d3) [names (d3) = "G2.x"] <~ "G2.mat" ¢ .

46 names(d3) [names (d3) = "G2.y"] <~ "G2.por” activities: chr

a7 higher  : chr

48 names(d3) [names (d3) — "63.x"] <~ "G3.mat” romantic : chr

49 names (d3) [names (d3) = "G3.y"] <~ "G3.por” famrel i m 33

50 2

51 # .x will be the base version kept, values not duplicated in .y attributes will be averaged and replaced freevime @ int 13

S goout  :dnt 24

53 numeric_dupes <- c("absences”, "failures”, "studytime", "traveltime") palc ot 12

54 walc sant 14

55 for (v in numeric_dupes) { health  :dnt 15 .

% x <« @il 0] absences : rum 3 2 10 .

g v < d3lipasteo(v.”.y Glmat  :dnt 7 814 10 10 12 12 8 16 10 .
G2.mat i dnt 106139101209 16 11 ...

59 # only replace .x with average if they differ

H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H

60  d3[[paste0(v, 10 < dfelse(x 1=y, (x+y) /2, % G3.mat int 1051381011 081611 ...
61-} Gl.por  :dnt 1313 14 10 13 11 10 11 15 10 .
62 . o ho G2. por. :dint 13 11 13 11 13 12 11 10 15 10 .
63 # new names for numeric_dupes without .x S Glpor  :int 13111210131212111510 ...
64 for (v in numeric_dupes) {
65 names(d3)[names(d3) — paste0(v, ".x)] < v values
66~} key chr [1:13] "school” "sex” "age" "address” "famsize" "pstat
67 * numeric_dupes chr [1:4] “absences” "failures” "studytime” "traveltime”
sz | (oplevel & Rsapts |y raveltime”
o [ EE—— g x int [1:382] 2111212221.
R - R443 . ~uniiewe stucent-pertormance/sudent/ y int [1:382] 2111212221.
+ Tx < dalipasteo(v, " x)1] < Fles Plots Packages Help Viewsr Presentation =0
+ oy < Bllpasteoty.”ydl] Qi ew Fotter | ©  Newe + | @ | pecte 1 Renome | 8 wore =
T4 oy replace .x wich average i <hey differ D Home > Un > Level& > suentperomance > stdent
+ d3llpasted(v, "x")]] <- ifelse(x 1=y, (x+y) /2, ) A name sz Modiza
‘3 t.
>
> # new names for numeric_dupes without .x 97 Roets 248K8  Mer26 2026 255 AM
> for (v in numeric_dupes) { 21 Rhistory 2228 Mar 26, 2026, 2:55 AM
+  names(d3) [names (d3) == paste0(v, ".x)] < v
M e 783K8 Mar26 2026, 806 M
> ddadsx 204K Mar26 2026 935°M
> # Remove .y numeric attributes now merged as numeric_dupes with averages in place of duplicate instances g )
> d3 <- d3[, tnames(d3) ¥in% paste0(numeric_dupes, ".y")] sudentmetesy STKE Merz3 208 i3S P
s O student-mergeR %98 Mar 23, 2026, 1135 PM
> # Remove remaining .y attributes o ssent-porcss 91kB Marzs, 2006 1135PM ~
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58

59 # only replace .x with average if they differ
60  d3[[pasted(v, ".x")1] < ifelse(x 1=y, (x+y) / 2, x)
61}

62

63 # new names for numeric_dupes without .x

64~ for (v in numeric_dupes) {

65  names(d3)[names(d3) -- paste0(v,
66~

67

68 # Remove .y numeric attributes now merged as numeric_dupes with averages in place of duplicate instances
69 d3 <- d3[, !names(d3) %in% paste0(numeric_dupes, ".y")]

70

71 # Remove remaining .y attributes

72 d3 <- d3[, !grepl("\\.yS", names(d3))]

x] <= v

73
74 # Take .x out of attribute names as one final merged data set of maths and Portuguese students

75 names(d3) <- sub("\\.xS", "", names(d3))

76

77 £ # merge complete if d3 = 36 variables, next format ready for weka
78 #

79

8 # can now format check binary is binary and change nominal into factor for weka to better use
81 binary_cols <- c("schoolsup”,"famsup”,"paid”,"activities”, "nursery”, "higher”,"internet","romantic")
82~ for (b in binary_cols) {

83 d3[[bl] <- ifelse(d3[[b]]
84}

85

8 # To prepare for weka to read as nominal attributes not free text

87 d3[sapply(d3, is.character)] <- lapply(d3[sapply(d3, is.character)], factor)
88

8

90 #export as csv to explore in excel

91 write.csv(d3, "d3.csv", row.names = FALSE)

92

es”,1,0)

87:77_| (lop Leve) =

Console  Terminal - Background Jobs,

R - R4A3 . ~/Uni/Level /stucent=performance/student/

VYV VYV VY RV Y Y vy

# Take .x out of attribute names as one final merged data set of maths and Portuguese students
names (d3) <- sub("\\.xs", "", names(d3))
# can now format check binary is bina
binary_cols <- c("schoolsup”,"fansup”
for (b in binary_cols) {

d3[[b]] <- ifelse(d3[[b]]
¥

ves®,1,0)

# To prepare for weka to read as nominal attributes not free text
d3[sapply(d3, is.character)] <- lapply(d3[sapply(d3, is.character)], factor)

#export as csv to explore in excel
write.csv(d3, "d3.csv", row.names = FALSE)
<

>rin

-

=[] Environment

# Source

RScript =

=0

@ H

pata
0d1
042
©d3

H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H

# Import Dataset ~
R - | #l Global Environment ~

school
sex

age
address
famsize
pstatus
Medu
Fedu
job
Fjob
reason
nursery
internet
guardian
traveltime:
studytine
failures
schoolsup :
Famsup
paid
activities:
higher
romantic
fanrel
freetine
goout
palc

Factor w/ 2 levels "Gp","Ms
: Factor w/ 2 Tevels "f",
fdnt 15 15 15 15 15 15 15 15 15 15 ...
: Factor w/ 2 levels
: Factor w/ 2 levels
: Factor w/ 2 levels
:int
:int
: Factor w/ 5 levels
: Factor w/ 5 levels
: Factor w/ 4 levels
: num

num

: Factor w/ 3 levels “father

num
num

: num

num

: num
: num

num

: num
: num
:int

int

:int
:int

History  Connections  Tutorial

3 1o7wmie - | &

395 obs. of 33 variables
649 obs. of 33 variables
382 obs. of 36 variables

1122333
1124344213 ...

1011111101 ...
1101111110...

2111212221 ...
4213333244 ...
05100101000
1111010101
1111111110,
1011110100.
1011110000.
1111111111,
0100101000.
3344444844,
1333232143,
2412122323
1211212121

Files Plots Packages Help Viewer Presentation

@l New Folder | © New File -
£ rome Uni - Levels

A Name

Tt

AData
Rhistory

e

s
student-matesy
student-mergeR

student-por.csv

© Deiete =] Rename | i More =
stugent=performance  stugent

111111
1111111

1111111

Le3":
2222222

"at_home", "health”

11111

Size

2818
2218
45568
2004k8
5748
298
91ke

11314444233,
3332425432
2441411444 ...

- a8 x

B project: (None) -

=0
st v | @

12222321211

=0

Modited

Mar 26,2026, 2:55 AM
Mar 26,2026, 2:55 AM

Mar 26,2026, 1157 PM

Mar 26,2026, 9:35 M

Mar 23,2026, 1135 PM

Mar 23,2026, 1135 PM

Mar 23,2026, 1135PM  ~
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© -op - @ Goto fiefunction - ddins - B proect (Nore) -
O stucent. merge preprocessed2 grace function pass fal @ @ @ a [ Environment History Connections Tutorial =0
Sourceonsave | Q /'~ *Run | 0% # Source = & [ | 52 import Dataset - | ) 183w ~ | & Uit ~ -
o1 A o .
2 # # optional additional binary grade and alphabetical grade RollGmmEmmmne
gz # $ G2.mat :dint 10 613 910120091611 . -
95 # To decide if pass or fail as binary Grade $ G3.mat e 19538 t0 088
96 pass_fail < funcrionx) { s Gl.por dint 13 13 14 10 13 11 10 11 15 10
o7 ifelse(x »= 10, "pass”, "Fail") s c2.por s int 131113 1113 12 11 10 15 10
98- } s c3.por dint 13111210 13 12 12 11 15 10
99 S Gl.mat_bin : chr “"Fail” “Fail” "pass” “Pass” .
100 # To turn numeric grade into alphabetical grade based on range thresholds § c1.mat_grade: Factor w/ 5 levels F 1142233152
101 - grade_function <- function(x) { b pase rai
o S G2.mat_bin : chr “pass” “Fail
103 breaks = (. § G2.mat_grade: Factor w/ 5 levels 213123115
108 Tabels S G3.mat_bin : chr “pass” “Fail
105- 1 § G3.mat_grade: Factor w/ 5 levels 2131221152
s . . $ Gl.por_bin : chr ‘“pass” “Pass
o o' < ((gszﬁ $ Gl.por_grade: Factor w/ 5 levels CU,UB",..: 3342322242
100 B $ G2.por_bin : chr "Pass” "Pass Pass” .
110~ for (col in cols) { $ G2.por_grade: Factor w/ 5 levels LChUB",..13232332242
111 # Binary S G3.por_bin : chr "Pass” “pass Pass”
112 d3llpasten(col, "bin")]] <- pass_fail(d3(lcoll]) § G3.por_grade: Factor w/ 5 Tevels t3232333242
113
114 # Grade values = .
115 d3[[pasteo(col, "_grade”)]] <- grade_function(d3[[co1]]) b romanti
116- 1 binary_cols chr [1:8] "schoolsup” “famsup” “paid” "activities” "nursery” "higher” "internet”
117 col “G3.por”
118 L . . cols chr [1:6] "Gl.mat” "G2.mat” "G3.mat” "Gl.por" "G2.por” "G3.por
Eg *a;‘:’“zﬁ ::‘:‘:‘f gﬁ:(ggn‘(g(?ad of Pass/Fail key chr [1:13] “school” “sex” “"age” "address” “famsize" "pstatus” “Medu" "Fedu” "Wjob.
121 Pireeetr o 10, 1. 0y numeric_dupes chr [1:4] "absences” “failures” “studytime” “traveltime”
122- 3 v “traveltime”
123 x dnt [1:382] 2111212221
124 #export as csv to explore in excel y Gnt [1:382] 2111212221
125 write.csv(d3, "d3_grades.csv”, row.names = FALSE) AEEIETS
126 - : :
BTl fspr. | Gradefuncrion function (O
pass_fail function ()
Console  Terminal Background Jobs =01 pass_fail_mun function (x)
R - R443 - ~/Uni/Level E/student -performance/student/
e Pl Plots Packoges Help Viewer presentation =0
L
4+ # crade QNewForer | © Newrile v | © Deiete =) Rename | & More -
+  d3[[pasteo(col, “_grade”)1] <- grade_function(d3[[coll]) Y Home > Uni > Level6 » student-performance » student
+3 A Name sie Modifed
> T
z .
> # numeric binary for 1/0 instead of pass/Fail 8] RData 248K8 Mar 26, 2026, 2:55 AM
> pass_fail_num <- function(x) { *1 Rhistory 22K8 Mar26 2026, 255 AM
+  ifelse(x >= 10, 1, 0) s
1 ey 455K8 Mar26 2026 11:57PM
> view(d3) student-mat.csy. 557 K8 Mar 23, 2026, 11:35 PM
> #export as csv to explore in excel &
> write.csv(d3, "d3_grades.csv”, row.names = FALSE) student-merge.R 2698 Mar 23, 2026, 11:35 PM
> view(grade_function) student-por.csv B Mar 23, 2026, 1135 PM
> A studentixt 1ke Mar 23,2026, 1135 PM =
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4 GP,F,15,R,GT3,T,1,1,other,other,reputation,0,1,mother,1,2,

5 |GP,F,15,R,GT3,T,2,2,at_home,other,reputation,1,0,mother,

6 GP,F,15,R,GT3,T,2,4,services,health,course,1,1, mother,1,3,0,1,1,1,1,1,0,4,3,2,1,1,5,2,10,9,8,10,11,10,]
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8 |GP,F,A5, Find and Replace o 0 2,12,12,11,11,12,1

9 |GP,F15 0,12,0,0,10,11,12,§

10 GP,F,15 Find  Replace 34,1,898,11,10,1]

11[6PFIS| frgwnat |- o Format.. + 16,16,16,15,15,15,]

2 GPRI e wit: < Fomat.. o) ARA0ILILIO0

13 |GP,F,15

14 |GP,F,15 Within: [Sheet | O mateh case 8.80,0,11,12,13,F4

15 GRS, senrn: [aymoms | L3 Moleh entiecll contents 110,13,12,12 Fail .
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22 |GP,F15,U,6T3,T,3,2,health,services,home, 1,1, father,1,2,.2,0,1,0,0,1,0,3,3,2,1,1,3,1,6,7,0,11,11,11,Fail,
23 |GP,F,15,U,6T3,T,3,2,services other, home, 1,1,mother,2.2,0,1,1,1,0,1,0,4,3,5,1,1.2,21,7,6 6,11,10,10,Fal
24 |GP,F,15,U,6T3,T,4,2,health,services,home, 1,1,mother,1,3,0,0,1,1,1,1,1,3,2.2,1,1,5,1,15,14,15,14,14,14|
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File  Edit

@RELATION s

@ATTRIBUTE
@ATTRIBUTE
@ATTRIBUTE
@ATTRIBUTE
@ATTRIBUTE
@ATTRIBUTE
@ATTRIBUTE
@ATTRIBUTE
@ATTRIBUTE
@ATTRIBUTE
@ATTRIBUTE
@ATTRIBUTE
@ATTRIBUTE
@ATTRIBUTE
@ATTRIBUTE
@ATTRIBUTE
@ATTRIBUTE
@ATTRIBUTE
@ATTRIBUTE
@ATTRIBUTE
@ATTRIBUTE
@ATTRIBUTE
@ATTRIBUTE
@ATTRIBUTE
@ATTRIBUTE
@ATTRIBUTE
@ATTRIBUTE
@ATTRIBUTE
@ATTRIBUTE
@ATTRIBUTE

@ATTRIBUTE
@ATTRIBUTE
@ATTRIBUTE
@ATTRIBUTE
@ATTRIBUTE
@ATTRIBUTE
@ATTRIBUTE
@ATTRIBUTE
@ATTRIBUTE
@ATTRIBUTE
@ATTRIBUTE
@ATTRIBUTE

@DATA

GP,F,15,R,6T3,T,1,
GT3,T,1,
GP,F,15,R,6T3,T,2,

GP,F,15,R, |

Ln 429, Col 138

View

tudent

school {GP,MS}
sex {F,M}

age NUMERIC

address {U,R}

famsize {LE3,GT3}

Pstatus {T,A}

Medu NUMERIC

Fedu NUMERTC

Mjob {teacher,health,services,at_home,other}
Fjob {teacher,health,services,at_home,other}
reason {home, reputation, course,other}
nursery {8,1}

internet {0,1}

guardian {mother, father,other}
traveltime NUMERIC

studytime NUMERIC

failures NUMERIC

schoolsup {8,1}

famsup {0,1}

paid {0,1}

activities {0,1}

higher {0,1}

romantic {0,1}

Famrel NUMERTC

freetime NUMERIC

goout NUMERIC

Dalc NUMERIC

Walc NUMERTC

health NUMERIC

absences NUMERTC

G1_mat NUMERTC
G2_mat NUMERTC

G3_mat NUMERTC

G1_por NUMERTC

G2_por NUMERTC

G3_por NUMERTC
G1_mat_bin {0,1}
G1_mat_grade {A,B,C,D,F}
G2_mat_bin {0,1}
G2_mat_grade {A,B,C,D,F}
G3_mat_bin {0,1}
G3_mat_grade {A,B,C,D,F}

56,278 characters Plain text

1,at_home, other, hone, 1,1, mother,2,4,0.
1,0ther, other, reputation,8,1,mother, 1,
2,at_home, other, reputation, 1,8, mother,

100%

Windows (CRLF)

UTF-8
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bad to 5 - excellent)
free time after school (numeric: from 1 - very low 10 5 -

Integer
very high)

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

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

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

teger current health status (numeric: from 1 - very bad 10 5 -
very good)

Integer number of school absences (numeric: from 0 to 93)

Categorical first period grade (numeric: from 0 to 20)

Categorical second period grade (numeric: from 0 to 20)

Integer final grade (numeric: from 0 to 20, output target)

no

no

no

no
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education = (numeric: 0 - none, 1 - primary education (4th grade), 2 - 5th to 9th grade, 3 - secondary education or 4 - higher education)
job = (nominal: ‘teacher’, 'health care related, civil services' (e.g. administrative or police), 'at_home" or ‘other’)
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Variable Name Role  Type  Demographic Description Missing Values
students school (binary: 'GP - Gabriel Pereira or 'MS' -
school Feature Categorical Housinho da Shelroy no
sex Feature Binary  Sex students sex (binary: 'F' - female or 'M' - male) no
age Feature Integer  Age students age (numeric: from 15 to 22) no
daress Feature Gategorice :l::le)nrs home address type (binary: 'U'- urban or R -
family size (binary: 'LE3' - less or equal to 3 or 'GT3' -
famsize Feature Categorical Other aroator than %) no
" Feature Gelegorical Ofher parents cohabilaion salus (binary. T - ing fogelher
st or'A' - apart)
Medu Feature Integer  Education Level mother's education (numeric: 0 - 4) no
Fedu Feature Integer  Education Level father's education (numeric: 0 - 4) no
Miob Feaure Categorical Occupation  mother's job (nominal: . ‘at_home' or ‘other’) no
Fiob Feature Categorical Occupation _father's job (nominal: . ‘at_home’ or ‘other) no
reason to choose this school (nominal: close to 'home’,
eason Feature Categorical school 'reputation’, ‘course' preference or ‘other’) ne
guardian Feature Categorical students guardian (nominal: 'mother’ ‘father’ or ‘other) no
home to school travel time (numeric: 1 - <15 min_, 2 -
fraveltime Feature Integer 1510 30 min., 3 - 30 min. to 1 hour, or 4 - >1 hour) ~ "°.
weekly study fime (numeric: 1 - <2 hours, 2- 210 5
studytime Feature Integer hours, 3 - 5 to 10 hours, or 4 - >10 hours) ne
iures Feature Inieger number of past class failures (numeric: n if 1<=n<3,
else 4)
schoolsup  Feature Binary extra educational support (binary: yes or no) no
famsup Feature Binary family educational support (binary: yes or no) no
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Feature

Feature
Feature
Feature
Feature
Feature

Feature
Feature
Feature
Feature
Feature

Feature

Feature
Target
Target
Target

extra paid classes within the course subject (Math or

Binary Portuguese) (binary yes or no)

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

Binary attended nursery school (binary: yes or no)

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

Binary Internet access at home (binary: yes or no)

Binary with a romantic relationship (binary: yes or no)

nleger qualtty of family relationships (numeric: from 1 - very
bad to 5 - excellent)
free time after school (numeric: from 1 - very low 10 5 -

Integer
very high)

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

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

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

teger current health status (numeric: from 1 - very bad 10 5 -
very good)

Integer number of school absences (numeric: from 0 to 93)

Categorical first period grade (numeric: from 0 to 20)

Categorical second period grade (numeric: from 0 to 20)

Integer final grade (numeric: from 0 to 20, output target)

no

no

no

no
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education = (numeric: 0 - none, 1 - primary education (4th grade), 2 - 5th to 9th grade, 3 - secondary education or 4 - higher education)
job = (nominal: ‘teacher’, 'health care related, civil services' (e.g. administrative or police), 'at_home" or ‘other’)
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Variable Name Role  Type  Demographic Description Missing Values
students school (binary: 'GP - Gabriel Pereira or 'MS' -
school Feature Categorical Housinho da Shelroy no
sex Feature Binary  Sex students sex (binary: 'F' - female or 'M' - male) no
age Feature Integer  Age students age (numeric: from 15 to 22) no
daress Feature Gategorice :l::le)nrs home address type (binary: 'U'- urban or R -
family size (binary: 'LE3' - less or equal to 3 or 'GT3' -
famsize Feature Categorical Other aroator than %) no
" Feature Gelegorical Ofher parents cohabilaion salus (binary. T - ing fogelher
st or'A' - apart)
Medu Feature Integer  Education Level mother's education (numeric: 0 - 4) no
Fedu Feature Integer  Education Level father's education (numeric: 0 - 4) no
Miob Feaure Categorical Occupation  mother's job (nominal: . ‘at_home' or ‘other’) no
Fiob Feature Categorical Occupation _father's job (nominal: . ‘at_home’ or ‘other) no
reason to choose this school (nominal: close to 'home’,
eason Feature Categorical school 'reputation’, ‘course' preference or ‘other’) ne
guardian Feature Categorical students guardian (nominal: 'mother’ ‘father’ or ‘other) no
home to school travel time (numeric: 1 - <15 min_, 2 -
fraveltime Feature Integer 1510 30 min., 3 - 30 min. to 1 hour, or 4 - >1 hour) ~ "°.
weekly study fime (numeric: 1 - <2 hours, 2- 210 5
studytime Feature Integer hours, 3 - 5 to 10 hours, or 4 - >10 hours) ne
iures Feature Inieger number of past class failures (numeric: n if 1<=n<3,
else 4)
schoolsup  Feature Binary extra educational support (binary: yes or no) no
famsup Feature Binary family educational support (binary: yes or no) no
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