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Ubersicht

- Einfihrung, Klassifikation vs. Regression, parametrisches und nicht-parametrisches tiberwachtes Lernen
«  Netze aus differenzierbaren Modulen (,neuronale” Netze), Support-Vektor-Maschinen
«  Haufungsanalysen, Warenkorbanalyse, Empfehlungen

- Statistische Grundlagen: Stichproben, Schatzer, Verteilung, Dichte, kumulative Verteilung, Skalen:
Nominal-, Ordinal-, Intervall- und Verhaltnisskala, Hypothesentests, Konfidenzintervalle, Reliabilitat,
Interne Konsistenz, Cronbach Alpha, Trennscharfe

- Bayessche Statistik, Bayessche Netze zur Spezifikation von diskreten Verteilungen, Anfragen,
Anfragebeantwortung, Lernverfahren fiir Bayessche Netze bei vollstandigen Daten

« Induktives Lernen: Versionsraum, Informationstheorie, Entscheidungsbdaume, Lernen von Regeln
«  Ensemble-Methoden, Bagging, Boosting, Random Forests

«  Analyse Sozialer Strukturen
«  Deep Learning, Einbettungstechniken
«  Zusammenfassung
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Clustering

- Form des unuberwachten Lernens
« Suche nach naturlichen Gruppierungen von Objekten

— Klassen direkt aus Daten bestimmen
. Hohe Intra-Klassen-Ahnlichkeit
« Kleine Inter-Klassen-Ahnlichkeit

— Ggs.: Klassifikation

. Distanzmalle
e z.B. Minkowski Distanz (im R"):

n
dp(x, y) = (Z X —y,-v’) — |Ix—yll,
=1

e flir p = 1: Manhattan Distanz

T

s o flr p = 2: Euklidische Distanz
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Partitionierung: K-means Clustering (1)

Distanzmal3: Euklidische Distanz
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K-means Clustering (2)

Distanzmal3: Euklidische Distanz




K-means Clustering (3)

Distanzmal3: Euklidische Distanz

5
<
4 ¢ |
Cy
<
3
<
¢
2 S ¢
o ® ® ¢
Y ) C; o
C
1 0‘2 ®
L X ¢
0
0 1 2 3

H
SXRSS2 Y INSTITUT FUR INFORMATIONSSYSTEME
oy



K-means Clustering (4)

Distanzmal3: Euklidische Distanz
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K-means Clustering (5)

Distanzmal3: Euklidische Distanz
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Wann ist eine Gruppierung gut?

. Ideen flr Bewertungsmal (objective function)
— Hohe Intra-Klassen-Ahnlichkeit
— Kleine Inter-Klassen-Ahnlichkeit
 Formalisierung
— Intra-Cluster-Varianz kleiner als Inter-Cluster-Varianz
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Was ist die richtige Clusteranzahl?
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Variiere k und finde Knick in Graph der Bewertungsfunktion
(Ellenbogen)

IM FOCUS DAS LEBEN



Und wenn die Cluster schon gegeben sind?

Beispiel: 25 Patienten mit Blasen auf der Haut
Behandlung: Methode A, Methode B, Placebo
Messwerte: # der Tage bis zur Abheilung der Blasen

Daten aus Studie [und Mittelwerte]:
«A:5,6,6,7,7,8,9,10 [7.25]
«B:7,7,8,9,9,10,10, 11 [8.875]
«P:7,9,9,10,10,10,11,12,13  [10.11]

Kénnen wir sagen, dass Methode A die beste ist?

Sind die Differenzen der Mittelwerte signifikant?

Variation ZWISCHEN Gruppen vs. Variation IN Gruppen (clusters)

Analysis of variation notwendig: ANOVA




Was macht ANOVA?

In der einfachen Form (es gibt viele Erweiterungen)
testet ANOVA folgende Hypothese:

H,: Die Mittelwerte sind gleich (unterscheiden sich nicht)

H.: Nicht alle Mittelwerte sind gleich,
der Unterschied ist signifikant

- Sagt nichts daruber, welche sich
unterscheiden

« Muss durch multiple Vergleiche spater
herausgefunden warden

Unterschiedshypothese




The basic situation

Two variables:
1 Categorical (type, group), 1 Quantitative (value)

Main Question: Do the (means of) the quantitative variables
depend on the group (given by categorical variable) the

individual is in?

If categorical variable has only 2 values:
. 2-sample t-test

ANOVA allows for 3 or more groups




Assumptions of ANOVA

- Each group approximately normally distributed
— Check this by looking at histograms or use assumptions

— Can sensibly handle some non-normality,
but not severe discrepancies

. Standard deviations of each group approximately
equal

— Rule of thumb: ratio of largest to smallest
sample st. dev. must be less than 2:1




Standard Deviation Check

Variable treatment N Mean Median StDev
days A 8 7.250 7.000 1.669
B 8 8.875 9.000 1.458
P 9 10.111 10.000 1.764

Compare largest and smallest standard deviations:
- largest: 1.764
- smallest: 1.458
«1.458x2=2916>1.764

5 AP © UNIVERSITAT ZU LUBECK
wRSs ~  INSTITUT FUR INFORMATIONSSYSTEME
o s



Notation for ANOVA

- n = number of individuals all together
- | = number of groups
- X =mean for entire data set

Group i has
- n;=# of individuals in group i
- x;; = value for individual j in group i
- X, =mean for group i
. 5;=standard deviation for group i
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How ANOVA works (outline)

ANOVA measures two sources of variation in the data and
compares their relative sizes

- Variation BETWEEN groups (MSG, Mean Square between Groups)
for each group look at the difference between its mean
and the overall mean

N—1 Z‘ (— —)Z N: Normalization value
Xj Xj— X (corrected: degrees of freedom)

- Variation WITHIN groups (MSE, Mean Squared Error)
for each data value x; of group i we look at the
difference between that value and the mean of its

rou - —
group M 12)(’-- (X,-j - X,-} M: Normalization value
J (corrected: degrees of freedom)
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F Statistic

The ANOVA F-statistic is a ratio of the Between Group Variaton divided
by the Within Group Variation:

F_ Between MSG
~ Within MSE

A large F is evidence against Hy, since it indicates that there is more
difference between groups than within groups
(hence the means between at least two groups differ).

Ho: The means of all the groups are equal.

H, in terms of clusters:
Clusters are bad
(centroids are equal)
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An even smaller example

Suppose we have three groups (#groups =)
«Group 1:5.3,6.0,6.7
«Group 2:5.5,6.2,6.4, 5.7
«Group 3:7.5,7.2,79

We get the following statistics:

SUMMARY

Groups Count | Sum | Average Variance
Group 1 3 ]8 6 048
Group 2 4 2386 395 0.17666

Group 3 5 22.67.53333 0.12333
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ANOVA Output

ANOVA
Source of Variation  SS af MS | Pvalue Fent

Between Groups | 5.12733 2 2.56366 10.2157 0.00839 4.7374]
Within Groups | 1.75666, 7 0.25095¢

Total 0.884 9
1 less than number number of data values -
of groups: I-1 number of groups: n-|
(equals df for each group
1 less than number of individuals added together)

(just like other situations)

ssssssssssssssss
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Computing ANOVA F-statistic

WITHIN BETWEEN
difference: difference
group |data - group mean group mean - overall me:
data |groupmean |plain squared |plain squared
5.4 1 6.0 -0.70 0.49 0.4 0.194
6. ] 6.0§ 0.00 0.00 -0.4 0.19¢
6. ] 6.0 0.70 0.49 -0.4 0.19¢
5. 2|  5.9¢ -0.45 0.20 0.5 0.24(
6. 2|  5.9¢ 0.25 0.06 -0.5 0.24(
6. 2|  5.9¢ 0.45 0.20 -0.5 0.24(
5. 2|  5.9¢ -0.25 0.06 -0.5 0.24(
7. 3] 7.5 -0.03 0.00 1.1 1.18¢
7. 3l 7.53 -0.33 0.10 1.1 1.18¢
7. 3] 7.5: 0.37 0.13 1.1 1.18¢
TOTAL 1.75 5.10€
TOTAL/d 0.25095}14 2.552
1.757/7 5.106/2

F=2.5528/0.25025 = 10.20 5#5s oas tezen



Sois F big enough?

Since Fis
Mean Square Between Group / Mean Square Within Group

= MSG/ MSE

A large value of F indicates relatively more
difference between groups than within groups
(evidence against H,)

To get the P-value, we compare to F(I-1,n-1)-distribution
- |-1 degrees of freedom in numerator (# groups -1)
- n - | degrees of freedom in denominator (rest of df)




F-Distribution

relative frequency
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F ratio (or score)

It
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Critical Value

A
>
O . . .
§ fail to reject null hypothesis
o
o
o)
= : ‘
© reject null hypothesis
2 Rejection Region

F ratio (or score) critical value
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F-Ta ble a = 0.05 (use another table for different a)
lable 6(a) Critical Values of F: A = .05 Comleted F_Value = 1 0-21
Critical Value F(2, 7) = 4.74

relates to groups or samples

\\\,,I B NUMERATOR DEGREES OF FREEDOM
Y2 N ‘ 2 3 . 5 6 7 5 9
161.4 199.5 215.7 2246 230.2 234.0 236.8 238.9 2405

2 18.51 19.00 19.16 19.25 19.30 19.33 19.35 19.37 19.38

3 10.13 955 9.28 9.12 9.01 8.94 8.89 8.85 8.81

8 : 7.71 6.94 6.59 6.39 6.26 6.16 6.09 6.04 6.00
o) 6.61 5.79 5.41 5.19 5.05 4.95 4.88 482 477
= ‘ = a0 R14 L 74 1 22 1 20 el 191 410
Cg 7 559 474 435 412 397 387 379 373 3.68
D P .32 4.40 3.0/ 3.54 3.69 3.58 3.50 3.44 3.39
8 5.12 4.26 3.86 3.63 3.48 337 3.29 323 3.18
O 4.96 4.10 3.71 3.48 3.33 3.22 3.14 3.07 3.02
S 4.84 3.98 3.59 3.36 3.20 3.09 3.01 2.95 2.90
o 12 4.75 3.89 3.49 3.26 3.11 3.00 2.91 2.85 2.80
O = 13 167 3.81 3.41 3.18 3.03 2.92 2.83 2.77 2.71
-CE) E 4 4.60 3.74 3.34 3.11 2.96 2.85 2.76 2.70 2.65
5 & 15 4.54 3.68 3.29 3.06 2.90 2.79 2.71 2.64 2.59
o 4.49 3.63 3.24 3.01 2.85 2.74 2.66 2.59 2.54
Q : 7 4.45 3.59 3.20 2.96 2.81 2.70 261 255 2.49
n & 18 4.4] 3.55 3.16 2.93 2.77 2.66 2.58 251 2.46
o 8 1 438 3.52 3.13 2.90 2.74 2.63 2.54 2.48 242
@ £ 435 3.49 3.10 2.87 2.7 2.60 2.51 245 2.39
© Z 2 432 3.47 3.07 2.84 2.68 2.57 2.49 2.42 237
g 22 4.30 344 3.05 2.82 2.66 255 2.46 2.40 2.34

£ 23 428 342 3.03 2.80 2.64 2.53 2.44 2.37 2.32
24 4.26 3.40 3.01 2.78 2.62 2.51 2.42 2.36 2.30

= A" 2 20 SO0 N e nNien " A "N an N A " A0
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Rejection of Null Hypothesis

relative frequency

Use F-distribution to compute
the p-value for F=10.21

reject null hypothesis
Rejection Region

F ratio (or score) 4.74 10.21
P-value=0.0084

a=0.05 (hatched area)
(red+hatched area)
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Why not just do 3 pairwise t-tests?

Answer:

« Atan error rate of 5% for each test (max p-value),
overall chance of type-l error is up to 1-(.95)°= 14%

— If all 3 comparisons independent
- For 6 groups: ;.C, = 15 pairwise t-tests;
— High chance of finding something significant

just by chance (if all tests were independent with a type-I
error rate of 5% each)

— Probability of at least one type-l error = 1-(.95)'°=54%.

|
Cr= () = (n—rllc)!k!




Recall: Multiple comparisons

Familywise error probability by number of comparisons
1 T T T T T T T I ¥

line 1 —

Probabkility of error

A 1 | 1 | 1 1 1 1 1

a 18 =35 28 448 S8 =35 78 =17 948 168
Number of comparisons
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Correction for multiple comparisons

How to correct for multiple comparisons post-hoc...

* Bonferroni correction (adjust a by most

conservative amount; assuming all tests
independent, divide a by the number of tests)

,,,,,
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Bonferroni

For example, to make a Bonferroni correction, divide your desired alpha cut-off
level (usually .05) by the number of comparisons you are making. Assumes
complete independence between comparisons, which is way too conservative.

Obtained critical value Original Alpha # tests New Alpha
for left-tailed test
.001 .05 5 .010
.011 .05 4 .013
.019 .05 3 .017
.032 .05 2 .025

.048 .05 1 .050
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Multivariate Analysis of Variance: MANOVA

,,,,,
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An extension of ANOVA in which main effects and
interactions are assessed on a combination of dependent
variables

— IV =independent variable, manipulated variable
(e.g., Treatment)

— DV =dependent variable, measured variable
(e.g., Mean)

MANOVA tests whether mean differences among groups on
a combination of DVs is likely to occur by chance

New DVs are created that are linear combinations of the
individual DVs such that the difference between groups is
maximized

The questions are mostly the same as ANOVA just on the

linearly combined DVs instead just one DV




MANOVA

2D-Beispiel

3.5 - Regression 0.5 Promille

3.0 ./ /./ e
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o 2.5 - u AN “  Regression 1 Promille
o - >
2 LR DRI
3 2.0 . * ,‘0
2 Pad " “ e *
'
3 s A 4
= 1.5 ’ s
([} 7’ 7
L '
7
1.0
H 0.5Promille
0.5 € 1Promille
0.0

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0

Koordination: X1

Prototypische * Generell: g- Gruppen gemessen auf p Variablen. Hier g=2, p=2,
Datensituation Koordination (X;) und Fahrleistung (X5)

* Gleiche Regressionssteigungen und gleiche Varianzen in den Gruppen
auf beiden Variablen (Homogenitat der Varianzen und Kovarianzen)

* Stichprobendaten entstammen multivariat normalverteilten
Populationen.
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MANOVA

2D-Beispiel

1D - Testen
unzulanglich

ez, -
X 3&5 UNIVERSITAT ZU LUBECK
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Fahrleistung: X2

Regression 0.5 Promille

Regression 1 Promille

H 0.5Promill
€ 1Promill

Koordination: X1

Univariat sind die Rohwertverteilungen nicht gut getrennt, und daher ebenfalls
nicht die Mittelwerteverteilungen (hohes N notig fir signifikante
Gruppenunterschiede in den Kennwerteverteilungen)

Signifikanzurteile sind unabhangig und fihren zu p Signifikanzaussagen, obwohl
nur eine erwunscht ist

Information der gleichen Beziehung zwischen den abhangigen Variablen (gleiche
Korrelation) wird nicht genutzt .



MANOVA

2D-Beispiel

2D - Testen
Ausgangslage

ez, -
X 3&5 UNIVERSITAT ZU LUBECK
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Fahrleistung: X2

Regression 0.5 Promille

Regression 1 Promille

H 0.5Promill
€ 1Promill

Koordination: X1

2D 95% Quantile zeigen an, dass die Mittelwerte der jeweils anderen Gruppe nicht
mehr im Konfidenzbereich der Rohwerte liegen (bei den univariaten Verteilungen
liegen sie darin)

Orthogonal zur Hauptvarianzrichtung der Ellipsen bestehen optimale
Trennbedingungen fiir die Mittelwerte

Ein Test, in den die Korrelation der beiden Variablen eingeht, hat daher optimale
Chancen, Unterschiede der Centroide aufzudecken.



