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1 Uvod

V rdmci feseni Ulohy pro nasazeni modell je pouZzit dataset pochazejici z vyzkumné
studie v Portugalsku Using Data Mining to Predict High School Student Performance.
Cilem prdzkumu je sestaveni vhodnych modell a jejich porovnani, nasledné nasazeni
a prizkum hlavnich prediktorl pro nadmérnou konzumaci alkoholu studentl bé&hem

vyukového tydne.

Poor 0-3,4
Weak 3,5-94
Sufficient 9,5-13,4
Good 13,5-15,4
Very good 15,5-17.4
Excellent 17,4-20

Obrdzek 1 Akademické znamkovani' v Portugalsku

Pro potfeby tvorby modelu budeme tvofit proménnou predstavujici Uspésné studium,
coz prekraduje hranici alespon 10 bod{. Tato bodova hranice predstavuje 50 % a

odpovida tak stupnici E dle ECTS. Zdrojova data jsou dostupna zde:

https://www.kaggle.com/datasets/gabrielluizone/high-school-alcoholism-and-

academic-performance?rvi=1

Diky jiz probéhlé pfipravé dat neni nutné data nijak dale upravovat. Je tak rovhou mozné
zacit postupné data rozdélit dle typu, stanovit cilovou proménnou a vyzkoumat vhodné

modely k nasazeni v zavérecné ¢asti prace.


https://www.kaggle.com/datasets/gabrielluizone/high-school-alcoholism-and-academic-performance?rvi=1
https://www.kaggle.com/datasets/gabrielluizone/high-school-alcoholism-and-academic-performance?rvi=1

2 Analyza dat a tvorba modelu

K analyze dat je pouzit program IBM SPSS Modeler. Nejprve je v ramci programu

nastaven datovy soubor pfelozeny do angli€tiny pomoci uzlu Var. File. Oddélovace

proménnych jsou ¢arky a kazdy novy fadek symbolizuje jiného Zaka a jeho udaje.

Field Measurement Values Missing Check Role
School ® Flag “Mousinho da... Mone M Input
Gender 2 Flag Male/Female Maone M nput
3 Age & Continuous [15,22] Mone . Input
Housing_Type ® Flag Urban/Rural Mone W Input
Family_Size ® Flag “Up to 37ADO... Maone M Input
Parental_Status | ® Flag Separated’Li... Mone W Input
Mother_Education | s Mominal "High School”... Mone M nput
[A] Father_Education | Jf Mominal "High School"... Mone "W (nput
Mother_Work o8 Mominal Health,Home... Mone M Input
Father_\Work o Mominal Health,Home... Maone W (nput
Reason_School... s Mominal "Course Pref.. Mone " Input
Legal_Respons... & Mominal Father Mother... Mone M nput
[A] cCommute_Time | Mominal "15 to 30 min"... Mone "W (nput
Weekly_Study T.. Ja Mominal "2t 5h" "5 to ... Mone M Input
Extra_Education..| ® Flag YesMo Maone M Input
Parental_Educat..| ® Flag YesMo Mone W Input
Private_Tutaring | ® Flag Yes/Mo Maone M nput
[A] Extracurricular_... | & Flag YesMo Mone . Input
[A] Attended_Daycare| & Flag Yes/Mo Mone W Input
Desire_Graduat... | ® Flag YesMo Maone M Input
Has_Internet 2 Flag YesMo Mone W Input
Is_Dating 2 Flag Yes/Mo Maone M nput
[A] Good_Family_R... e Mominal Excellent,Fair, ... Mone "W (nput
Free_Time_After.. o Mominal High Low Mo... Mone “u Input
Time_with_Frie_. | Nominal High,Low,Mo.._ None N Input
Alc:ohnl_‘.“.feekd... o Mominal High Low Mo... Mone " Input
[A] Alcohol_Weeke... | Mominal High Low Ma... Mone M nput
[A] Health_Status & MNominal Fair Good,Po__ None N Input
£ School_Absence &9 Caontinuous [0,32] Mone “u Input
<3 Grade_1st_Sem... & Continuous [0,19] Mone W (nput
{3 Grade_2nd_Se... & Continuous [0,19] Mone &) None

Obrdzek 2 Uzel type — nastavené typy proménnych v souboru

V ramci vyzkumu jsem se rozhodl zaméfit se vice na znamky z prvniho semestru a na
jejich zakladé vytvofit modely. Vétsina studentl vyhledava uspésnost pravé v prvnich
semestrech studia, protoze v téch dalSich jiz maji lepSi pfedstavu co oCekavat, a i Skola
dokaze lépe predikovat pocet Uspésnych. Cilem je ale stanovit pouze zdali student
dosahne vysledku vyssiho 50 % Ci nikoliv. Proto je nutné vytvofit novou proménnou,
ktera bude slouzit jako cilova, a to pomoci uzlu Derive. Nova proménna bude nabyvat

nasledujicich hodnot:

e Yes-ano, znamka presahuje 50 %,

e No-ne, znamka neni dostate¢na.



Mode:  (®) Single () Multiple

Derive field:

|PassingGrade

Derive as:  [Conditional «

Fieldtype: |# <Default- ~ |

If:

1 Grade_lst Semester > 10 I
Then

] "iea” i
Else:

] "Ho" =

Obrdzek 3 Tvorba nové cilové promeénné ,PassingGrade”

Celkovy soubor tak nyni obsahuje 30 proménnych po vyfazeni Grade_7st. Semester a
Grade_Znd_Semester. Na zakladé uzlu Data audit, je mozné zjistit, Ze soubor je pomérné

kvalitni. Jediné proménné, kde se vyskytuji odlehla data jsou Age a School Absence.
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Obradzek 4 Histogram skolni absence

Tyto odlehlé hodnoty jsem se rozhodl v souboru ponechat vzhledem k jejich minimalni

Cetnosti. Nahled do data auditu je dostupny ve Streamu pfiloZzeném k této praci.



Model  Summary  Annotations

v 0 B4

Rank Field Measurement Importance Yalue
1||A| Desire_Graduate_Education | & Flag |#%| Important ~ [1,0
2/[A] School ® Flag Important 1,0
3/[A] Mother_Education e Mominal Important 1,0
4/[A] Weekly_Study_Time e Nominal Important 1,0
5|[A] Alcohol_Weekdays & Nominal Important 1,0
&|[A] Housing_Type ® Flag Important 1,0
7/[A] Mother_Waork e Nominal Important 1,0
8/[A] Reason_School_Choice e Mominal Important 1,0
o|[A] Father_Education e Mominal Important 1,0
10/[A] Commute_Time e Mominal Important 1,0
11|[A] Has_Internet ® Flag Important 1,0
12/ School_Absence & Continuous Important 1,0
13/[A] Legal_Responsibility & Nominal Important 0,999
14/[A] Alcohol_Weekends e Nominal Important 0,998
15/[A] Gender ® Flag Important 0,998
16/[A] Good_Family_Relationship | 4% Nominal Important 0,995
17/[A] Free_Time_after_Schoaol e Nominal Important 0,994
18/[A] Extracurricular_Activities ® Flag Important 0,991
19/[A] Father_waork e Nominal Important 0,981
20/[A] Time_with_Friends e Nominal Marginal 0,949
21/[A] 1s_Dating ® Flag [+] Marginal 0,939
22/[A] Attended_Daycare ® Flag Marginal 0,907
[ ] 23/[A] Extra_Educational_Support | & Flag [+] Unimpaortant 0,259
[ ] 24|[A] Parental_Educational_Supp... | & Flag [=] Unimportant |0,788
[ ] 25/[A] Health_Status e Nominal [+] Unimportant |0,493
[ ] 26/[A] Parental_Status ® Flag [+] Unimportant (0,287
[ ] 27|[A] Family_Size ® Flag [+] Unimpaortant (0,247

Selected fields: 22 Total fields available: 29
=0,95 ==095 [+]=09
2 Screened Fields
Field Measurement Reason

[ ] |[A] Private_Tu.. & Flag Single category too large
|:| ) Age &’ Continuous Coefficient of variation below threshold

Obrdzek 5 Uzel Feature selection — DuleZitost proménnych

Na zakladé modelu pro uréeni dllezitosti proménnych pro sestaveni modelu bylo
vyFazenych nékolik proménnych. Byla také vyfazena proménna Age, ¢imz se eliminovali
s tim souvisejici odlehlé hodnoty. Dale je u¢inéno rozhodnuti, které rozdéluje ulohu na 2
feSeni, a to s pomoci vybalancovani cilové proménné a bez balancovani cilové
proménné. Na zakladé toho tak vzniknou dva vhodné modely, které bude mozné

porovnat.



Distribution of PassingGrade #1 - O X

| File |5 Edit ) Generate & View & 4 9 Xx

Table Graph  Annotations

Walue Proportion % Count
Mo | 38.83 252
Yes | 61.17 397

o PassingGradeBalance x

@ [*] Preview © - O

Settings  Annotations

Balance Directives:

Factor Condition e
1.0/PassingGrade = "Mo”
0.6347607052896... PassingGrade = "Yes” %

Obrdzek 6 Pdvoadni struktura cilové proménné a jeji vybalancovani

Vybalancovani cilové proménné probé&hlo pomoci metody zredukovani poltu Yes dle
faktoru ca. 0,63. Stream byl tak rozdélen do dvou ¢asti. Déle je pro obé ¢asti pouzit uzel
Partition, kde jsou stanovena data na testovani a trénovani modeld. Jejich pomér je 1:1
a tvori 50 % a 50 % ze zbyvajicich dat. Pomoci uzlu Auto Classifier bylo vybrano nékolik
vhodnych modell. U obou fe$eni vychazi jako nejlep$i model neuronova sit na zakladé
vykonu model, nejvy$Si hodnota Lift a pomérné vysoka presnost. Mezi dalsi pomérné

uspésné modely se fadi logisticka regrese, LSVM, CHAID nebo C5 1.

Sort by |Use hd | @ Ascending O Descending | X Delete Unused Models | View: |Testingset +
Max Max Profit Build Time ) Mo. Fields Owverall
o
Use" Graph Mode! Profit Ccours in (%) (mins) LiftiTop 30%} Used Accuracy (%)

ﬁ ﬁr/ Neural .. 530,0 722 1379 22 73832

Obrdzek 7 Auto classifier — nahled na nejlepsi vybrany model




Classification for PassingGrade Classification for PassingGrade

Overall Percent Correct = 74,7% Overall Percent Correct=71,1%
Model : Model :
bez balancoviani cilové proménné s balancovanim cilové proménné
Predicted i
Observed Row Percent Observed SEHIE T Row Percent
M 100,00 M 100,00
W 80,00 M 20,00
W 60,00 W 60,00
40,00 40,00
20,00 20,00
0,00 0,00

Obrdazek 8 Porovnani matic chyb I a ll. radu modeld s balancovanim (vpravo) a bez

balancovani (vlevo) neuronovych siti

Vramci tvorby modelll tak doSlo ke tvorbé dvou fedeni. Model, ktery nebyl
vybalancovany ma méné faleSnych positiv, ale model, ktery byl vybalancovany ma méné
faleSnych negativ. Prospésné studenty dokaze lépe identifikovat model bez
balancovani. Celkové vychazi jako pfesnéjsi model neuronové sité bez vybalancovanina

zakladé presnosti (74,7 %). Je tak pouzit jako model pro nasazeni a je dale interpretovan.

Predictor Importance

Target: PassingGrade

School_Absence

School
Weekly_Study_Time :|
Housing_Type :‘
Good_Family_ j
Relationship
Free_Time_After_School :I
Alcohol_Weekends :I
Commute_Time ]
Extracurricular_Activities j
|
0

Alcohol_Weekdays

0, 032 04 06 ;] 1,0
T, . . P . T
Least Important Mast Important

Obrédzek 9 DdleZité prediktory v ramci modelu



Bias f
School_
Absence 4
School &J
Weelkly_ Bias
Study_Tim &b
e
Housing_
Type &)
Good_
Family_ &) Passing
Relations Grade
hip
Free_
Time_After &b
_School
[+l 1
Alcohol_ &, e
Weekends
Commute
_Time &3
Extracurric
ular_ &J
Activities
Alcohol_
\p'\l'eekdz-nrs&J

Alcohol_ieekd aysg School_Absence

| ' | ' | ' | ' | ' | ' f ' | ' | ' | ' |

Least Important Most Important

Obrazek 10 Struktura neuronoveé sité

Evaluation of [SM-PassingGrade] : Gains

| File |5 Edit ) Generate & View 1=}

Graph  Annotations

Percentile
Testing

Percentile
Training
Partition

PassingGrade = "Yes™

Obrdzek 11 Evaluace modelu neuronové sité

$BEST-PassingGrade
— §h-PassingGrade



3 Nasazeni modelu

K nasazeni modelu bude pouzit uzel User input a model bez vybalancovani cilové
proménné. Je nutné ponechat na paméti, Ze je model nutné pfizplsobit pro potieby

organizace v ramci zmén a model dale trénovat a upravovat na novych datech.

[*] Preview 9 o
- Userinput (22 fields, 2 records)

Data  Filter Types Annotations

Field | storage Values

Schoaol String "Gabriel Pereira”
Gender String “Female”
Housing_Type String “Urban”
Mother_Education String "Higher Education”
Father_Education String "Lower Secondary School”
Maother_Wark String "Senices”
Father_Wark String "Senices”
Reason_School_Choice String "Other”
Legal_Responsibility String “Mother”
Commute_Time String “Up to 15 min™
Weekly_Study_Time String "2 to 5h”
Extracurricular_Activities String "Yes”
Attended_Daycare String "Yes”
Desire_Graduate_Education String Yes"
Has_Internet String “Yes"

Is_Dating String Mo
Good_Family_Relationship String "Good”
Free_Time_After_Schoal String “Low”
Time_with_Friends String “Moderate”
Alcohol_Weekdays String “Wery High”
Alcohol_Weekends String “Wery High”
School_Absence 3 Integer 03z

Obradzek 12 Ukdzka vstupnich dat pro evaluace

V nasledujicim obrazku je vidét kompletni zapojeni evaluaéniho streamu, kdy z uzlu User
inputje na zakladé vstupnich 22 datovych Gdaji vytvotrena predikce modelu, zdali je Zak
je uspésnym studentem, Ci nikoliv (Uspésnost >50 %). Pomoci uzlu 7able je mozné
nahlédnout na pfidané proménné $N-PassingGrade (predikce modelu Yes nebo No) a
SNC-PassingGrade (vyjadrenijistoty predpokladu modelem). Po nastaveni vysoké skolni
absence, vysoké konzumace alkoholu, nizkého studijniho ¢asu, dlouhého dojezdu do
$koly, méné kvalitni plvodni zakladni Skoly a $patnych rodinnych vztahd je velmi snadné

docilit predikce No (Uspésnost <50 %).



Report, doporuceni

modelu vyjadreno
srozumitelnym textem
| Tento model byl
vybran k nasazeni
eport

o |

.4

User Input PassingGrade Table
Wstupni data pro [p.uu;_'-'rt_.;r model ] i
nasazeni modelu; Evaluace modelu v

idaje u studentowvi,
kterého zajima
predikce

tabulce, confidence a
rozhodnuti modelu

Obrazek 12 Nasazeni modelu



4 Dodatecna uloha - predikce alkoholismu

Na zavér predpokladejme teoretickou situaci — Skola se snazi zamezit konzumaci
alkoholu a snazi se odchytit Zaky s nadbyte¢nou konzumaci. Je nutné vytvofit model,
ktery by umoznil vynalozit méné sil pro identifikaci co nejvét§iho mnozstvi zaku bez
osloveni celé Skoly osobné. Cilovou proménnou se tak stane A/cohol_Weekdays, protoze
konzumace alkoholu béhem tydne ma vy$Si dopad nez konzumace o vikendech.

Z modelu je vyfazena proménna Alcohol_Weekends.

Model  Summary Annotations
voo Lom
Rank Field Measurement Importance | Value
1|[A] Gender ® Flag Important [1,0
2|[A] PassingGrade 2 Flag Important 1,0
3/ [A] Time_with_Friends e Nominal Important 1,0
4/[A] Weekly_Study_Time | MNominal Important 1,0
543 School_Absence & Continuous Important 1,0
6/[A] Free_Time_After_Sch... @ Nominal Important 0,997
7/[A] Desire_Graduate_Ed.. | & Flag [#] Important 0,988
8 [A] Good_Family_Relatio... | Mominal Important 0,981
9/[A] Legal_Responsibility <@ Nominal Important 0,974
10/[A] Parental_Educational... | & Flag [#] Important (0,965
11/[A] I1s_Dating ® Flag [#] Important (0,953
[ ] 12/[A] Reason_School_Choi... s Nominal Marginal 0,929
[ ] 13/[A] Commute_Time e Nominal Marginal 0,914
[ ] 14 [A] Attended_Daycare 2 Flag [=] Unimpor...|0,853
[ ] 15/[A] Health_Status e Nominal [+] Unimpor... 0,83
[ ] 16 [A] Housing_Type 2 Flag [=] Unimpor...|0,687
[ ] 17/[A] School ® Flag [=] Unimpor... 0,669
[ ] 12/[A] Family_Size ® Flag [+] Unimpor... 0,662
[ ] 19/[A] Parental_Status ® Flag [+ Unimpor... 0,621
_; 20 @ Extracurricular_Activities| ® Flag E Unimpor...|0,614
Selected fields: 11 Total fields available: 28
= 0,95 ==095 [=]=09

Obrdzek 13 Vybrané proménné pro tvorbu modelu, dileZitost — uzel Feature selection

Po vybrani vhodnych proménnych jsou opét rozdélena data na testovaci a trénovaci:
pomér je 1:1. Na zakladé vyzkouseni nékolika modell se jako vhodné jevi neuralni sit,
C&R Tree, Tree-AS, Quest. Vzhledem k hojnému vyuziti modelu neuralni sité v této

semestralni praci byl vybran opét tento model.



Classification for Alcohol_Weekdays
Overall Percent Correct = 68,9%

Predicted Row Percent
Observed
High Low Moderate Very High Very Low M 100,00
M 30,00

High 0,0% 0.0% 0.0% 0,0% M 60,00
40,00
20,00

Low 0,0% 32% 0,0% 32% 0,00

Moderate 4 8% 0.0% 0.0% 95%

Very High 0,0% 25 0% 0.0% 16,7 %

Very Low 0.0% 0.4% 0.0% 0.4%

Obradzek 13 Vysledek kiasifikace pro cilovou proménnou Alcohol_Weekdays

Jiz z pfedchozi analyzy dat bylo ziejmé, Ze naprosta vét$ina studentd neni ¢astymi
konzumenty alkoholu. AvSak i tak byl model schopny identifikovat alespon néjaké
konzumenty s velkou konzumaci alkoholu ( Very high). Model neni tak pfesny a je lepsi

model nenasazovat a najit vice student( s problémy s alkoholem a na zakladé toho tvorit

novy model.
Distribution of Alcohol_Weekdays — O b4
GFle [SEdit  {) Generate & View 8 4 @ x

Table Graph Annotations

Value Proportion k) Count
HighlT] 2.62 17
Low DN ] 18.64 121
Moderate B 6.63 43
Very HighlL] 2.62 17
Very Lov e —— | £9.49 451

Obrazek 14 Problém s identifikaci alkoholikd — nedostatecné mnoZstvi dat



Zaveér

Podafilo se sestrojit model, ktery je mozné pouzit pro predikci Uspésnosti studenta ve
studiu na zakladé dil¢ich pfedpokladl. Modely, které se osvéddily byly neuronové sité.
Pro identifikaci alkoholismu béhem tydne se vSak v souboru nenachazi dostatek dat,
a tak by bylo nutné pro konstrukci modelu pro takovou identifikaci ziskat vétsi objemy
dat, a to konkrétné na cilované alkoholiky s hodnotou High (vysoka konzumace) a Very

High (velmi vysoka konzumace).
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