CLUSTER ANALYSIS



Analyses de classification
Cluster analysis

Elles font partie des analyses de ressemblances : regrouper les observations en
un nombre réduit de groupes (clusters) homogeénes. Les observations d’un
groupe sont le plus semblables possible et les groupes les plus différents
possibles. = Découvrir les groupes naturels au sein d’une population donnée.

Objectifs :

identifier une typologie ;

test d’hypotheses ;

analyse exploratoire des données ;
réduction des données ;

analyse prédictive sur base de groupes ;

Proximité des observations = similarité
Distance entre les groupes = dissemblance / stratégie d’agrégation



Les choix a faire :

les individus a classer ;
les variables a utiliser :

« standardisation ??? (quand les unités de mesure sont tres différentes ou quand
les ordres de grandeurs sont tres différents) ;

» analyse en composantes principales / analyse factorielle des correspondances
multiples ??? = travailler avec les composantes/ les facteurs ;

la stratégie d’agrégation ;
mesure de la distance entre les observations.

Il est déconseillé d’effectuer une rotation dans le cadre d’une analyse de
classification.

Il est préférable de prendre en compte tous les facteurs jusqu’a obtenir
une part de variance expliquée au moins égale a 90 %.



Les méthodes non hiérarchiques

On les appelle aussi méthodes de partitionnement. Elles divisent
les observations en un nombre fixé au préalable de classes.

Le probleme des méthodes de partitionnement est la définition a
priori du nombre de classes. Ceci peut conduire a un
partitionnement inadéquat. Il faut donc essayer plusieurs
combinaisons avant de trouver celle qui correspond le mieux.

Inertie totale du nuage de points : moyenne des carrés des
distances entre chaque point et le centre de gravité du nuage de
points. C’est aussi la somme de l'inertie intraclasse et de l'inertie
interclasse. Une classe est d’autant plus homogene que son inertie
est faible.

Inertie intraclasse : moyenne des inerties de chaque classe
calculées par rapport a leurs centres de gravité respectifs.

Inertie interclasse : dispersion des k centres de gravité autour du
centre de gravité du nuage de points.



* Regroupement autour de centres mobiles
 Méthode des nuées dynamiques



Les méthodes hiérarchiques

On les appelle aussi agglomératives. A chaque étape, elles
regroupent les deux classes les plus proches =» fusion des
individus dans des classes de plus en plus vastes.

Les différentes partitions sont représentées sous la forme d’un
arbre de classification (dendrogramme).

Le niveau d’agrégation est le niveau auquel ont lieu les
regroupements. C’est un indice numérique qui indique
I’hétérogénéité des parties regroupées.

Méthode du ‘voisin le plus proche’
Méthode du ‘voisin le plus éloigné’
Méthode de la ‘moyenne du groupe’
Méthode de la médiane



Méthode de Ward

A chaque étape de I'analyse, il est possible de mesurer la perte d’information par
la somme des carrés des écarts de chaque point-individu par rapport a la
moyenne du groupe auquel il appartient. A chaque étape, c’est le regroupement
qui créant la perte minimum d’information qui est effectué = Méthode basée
sur la perte d’inertie la plus faible.

Ce n’est pas la meilleure partition en k classes qui est obtenue mais la meilleure
de celles obtenues par réunion de deux classes de la partition en k+1 classes.

Cette méthode favorise surtout le regroupement des petites classes proches.
Choix du nombre de groupes :

a partir du dendrogramme : quand il y a des variations importantes de l'indice de
dissimilarité. En ordonnée, on observe le niveau auquel a eu lieu chaque fusion
successive, ce niveau correspond a la perte d’information (de variance / d’inertie)
occasionnée par chaque fusion.

Graphique représentant la perte de la variance (inertie) en fonction du nombre
de fusions = basé sur I'analyse de la perte d’information a chaque niveau
d’agrégation ou sur de la proportion de variance conservée a chaque étape.
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agissant particulidrement sur des comportements comme
l'allaitement et/ou la contraception.

3.5. Régimes de fécondité selon le secteur d'habitat.

Tableau 7 Répartition des méres [15 49) selon
le sectevr d'habitat et le réglme de fécondité

Métropoles Urba1n Rural

- ——

- —— ——_

Traditionnel 19 22 .58
Moderne .18 .27 .60
gprV1vant 16 .24 .59

.18 23 .29




Le tableau 7 montre une distribution presque equivalente des 3
régimes selon les secteurs d'habltat : environ 18 % en métropoles,
23 % en villes et 59 % en milieu rural. Les é&carts sont vraiment
limités.

Volla un slgne de 1'inefficacité des critéres a priocri a saisiz
véritablement les courants profonds gqui animent la dynamique de
population. Autrement dit, les trols régimes se retrouvent dans
chacun des secteurs et il n'est plus question d'associer aux
métropoles, l'attribut "moderne™ ni au milleu rural, 1l'attribut
"traditionnel™,

Comment alors expliquer 1les différences de niveau de fécondité
entre secteurs dthabitat ? C'est gque un régime de fécondité ne se
définit pas par un indice unigue, fut-il de fécondité, mais par
une constellation d'indicateurs socio-bioclogiques {mariage,
contraception, allaitement, attitudes et opinions et¢...). De
plus, nous avons établi au chapitre 1 1la convergence qgui se
dessine entre !a fécondité urbaine et rurale.



3.6 Régimes de fécondité et niveau d'instruction des femnmes.

Z S o W 3L
Tableau 8 Répartition des méres (15-49) selon le niveau i
d'instruction de la femme et 1le régime
de fécondité.
Illettrées Coran~ Moyen Supér ieur
Primaire secordajire
regime 1
moing de 30 ans - = - ~ 1
30 ans et plus .87 11 .02 = {1019}
régime 2
molns de 30 ans .72 .23 05 = { 192)
30 ans et plus .65 23 .07 .01 { 785)
régime 3
moins de 30 ans .61 .22 15 - {1304)

30 ans et plus 97 .30 .13 01 { 362}




L'effet des la politigue de scolarisation massive est visible :
indépendamment des régimes démographiques, il y a un effet de

génerations qui 1'emporte. Les plus Jjeunes sont systématiquement
plus lnstruits.

Autrement dit, I1'instruvetion & elle seule, comme la résidemce
alnsi qu'il est apparu plus haut, n'est pas suffisante pour
garantir 1l'accés A un régime "moderne". La gqualité de cette
instruction est certalnement A mettre en cause. Le Prix payé pour
1'éducation de masse a &té 1a gqualité de l'enseignement. C'est
alnsi qu'on retouvera des femmes en moyenne plus instruites, parce
gue plus Jjeunes et ayant bénéficié de 1a politigue en matidre
d'éducation nationale mais appartenant A un régime traditionnel.

Les mémes remargues restent valables lorsgu'on s'intéresse a
l1'instruction du mari,
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The TwoStep Cluster Analysis procedure is an
exploratory tool designed to reveal natural
groupings (or clusters) within a data set that would
otherwise not be apparent. The algorithm employed
by this procedure has several desirable features
that differentiate it from traditional clustering
techniques:

+ The ability to create clusters based on both
categorical and continuous variables.

» Automatic selection of the number of clusters.

+ The ability to analyze large data files efficiently.
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TwoStep Cluster Analysis >

In order to handle categorical and continuous variables, the TwoStep Cluster Analysis procedure uses a
likelihood distance measure which assumes that variables in the cluster model are independent. Further, each
continuous variable is assumed to have a normal (Gaussian) distribution and each categorical variable is
assumed to have a multinomial distribution. Empirical internal testing indicates that the procedure is fairly
robust to violations of both the assumption of independence and the distributional assumptions, but you should
try to be aware of how well these assumptions are met.

The two steps of the TwoStep Cluster Analysis procedure's algorithm can be summarized as follows:

Step 1. The procedure begins with the construction of a Cluster Features (CF) Tree. The tree begins by
placing the first case at the root of the tree in a leaf node that contains variable information about that case.
Each successive case is then added to an existing node or forms a new node, based upon its similarity to
existing nodes and using the distance measure as the similarity criterion. A node that contains multiple cases
contains a summary of variable information about those cases. Thus, the CF tree provides a capsule
summary of the data file.

Step 2. The leaf nodes of the CF tree are then grouped using an agglomerative clustering algorithm. The
agglomerative clustering can be used to produce a range of solutions. To determine which number of clusters
is "best", each of these cluster solutions is compared using Schwarz's Bayesian Criterion (BIC) or the Akaike
Information Criterion (AIC) as the clustering criterion.
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Car manufacturers need to be able to appraise the
current market to determine the likely competition
for their vehicles. If cars can be grouped according
to available data, this task can be largely
automatic using cluster analysis.

Information for various makes and models of motor
vehicles is contained in car_sales.sav. See
Sample Files for more information. Use the
TwoStep Cluster Analysis procedure to group
automobiles according to their prices and physical
properties.
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TwnSteFuster Analysis > Using TwoStep Cluster Analysis to Classi

F

o —| » Torun a TwoStep
File Edit “iew Data Transform | Analyze  Graphs  Uilties Window  Help ClUStEI' AHHIYSiS,

reRerts ' from the menus

Descriptive Statistics b .

. . choose:

Compare Means k

Zeneral Linear Model b Analyze_

Generalized Linear Models b = CIESSlfV

Mixed Models TwoStep Clusterfmalysis menu selection i

Correlate K C|US1ZEI'. oc

Regression b

Loglinear b

Meural Metworks k

Classify k Eﬂ TrwoStep o«

Cimenzion Reduction b '{3 E-Meanz ©

Scale J ['im';l, Hierarchic:

Monparametric Tests J Tree..

Forecasting : Di=scrimina

.S_.wflfal_ . I:-._"'| Mearest M q:; ﬁ @ @l

4 | i | 3
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TwoStep Cluster Analysis >

Uslin TW\ES_ﬁl:_l_—

m TwoStep Cluster Analysis

& 4-yearresale value ...

& Zscore: Type [2hype]

& Zscore: Width [zwidth]

& Sales inthousands [s..

& Log-transformed sale...
& Zscore: 4-yearresale...

& Zscore: Price inthou...

& Zscore: Engine size [
& Zscore: Horsepower .
& Zscore: Wheelhase [

i

4]

rDistance Measure

rCount of Continuous Variables

Categorical Variahles:
Il vehicle type fype]

Continuous Variahles:

f Price in thousands [pr...
& Engine size [engine_s]
f Horsepower [horsepo...
& wiheelhase whaelhas)

AR

(3) Log-likelihood To be Standardized: g
() Euclidean Assumed Standardized: ]
rHumber of Clusters rClustering Criterion
(2) Determine automatically (3) Schwarz's Bayesian Criterion (BIC)
madmum: 15 |5 | | O akaike's information Griterion (AIC)
() Specify fixed
Mumber; E
i Ok ” Paste ” Reset ] ’ Cancel ” Help

Motor Vehicles >

» If the variable
list does not

display variable

labels in file
order, right-
click anywhere
in the variable
list and from
the context
menu choose
Display
Variable
Labels and
Sort by File
Order.

> Select Vehicle
type as a
categorical
variable.

> Select Price in
thousands
through Fuel
efficiency as
continuous
variables.

RLIRNC

m
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TwoStep Cluster Analysis > Using TwoSt alysi ify Motor Vehicles >

» Select Rank of

m TwoStep Cluster: Plots W

variable
[ 'within cluster percentage chart Im por‘tance.
[] Cluster pie chart
-Variable Importance Plot———————————————— > Select By
[#] Rank af variahle importance variable in the
Rank Variabies Rank Variables
() By cluster group.
(3) By variahle
rimportance Measure ——————————— > Select
(3) Chi-square or t-test of significance Conﬁdence
() Significance level.
PERNE I » Click Continue,
Percentage; .
O] omit nsign . then click Output
Omitinsignificant variahles .
in the TwoStep
@ Selection of a chart will resultin the Cluster Analysis
creation of a cluster membership a
— dialog box.
[ continue H Cancel ” Help
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Tqutelﬁuster Analysis > Using

E TwoStep Cluster: Output

-Statistics

Descriptives by cluster
Cluster frequencies
Infarmation Criterion (AIC or BIC)

~Working Data File

[ ] Create cluster membership variable

~¥ML Files

[ | Expoart final madel

Marne: |

[ | Export GF tree

| | Browse...

Marmg: |

| | Browse. .

lCnntinue I[ Cancel ”

Help ]

CoWY AL e d STTICS DIWNall G o dlldly sl T Esuils

INURIa Y Eldy Cl

» Select
Information
criterion (AIC or
BIC) in the
Statistics group.

p Click Continue.

» Click OK in the
TwoStep Cluster
Analysis dialog
box.

LNILCHIIC L CARIUN S adllaly5E QEM L LEES
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TwoStep Cluster Analysis > Using Tw01|_' ify Motor Vehicles >

The Auto-clustering

Schwarz’s _ Ratio of table summarizes
Murmber of Bayesian BIC Ratio of BIC Distance
Clusters Criterian (812 | Change® | Changes” | Measures® the process by
12 1;1?:3;: 240.326 1.000 1.829 CATB NG FTIET O
3 8858924 -88.128 3BT 2,180 CIUSterS 1S Chosen'
4 897.5549 11.635 -.048 1.368
g 931.760 34201 -142 1.036
6 968.073 36.313 =181 1.576
T 1026.000 57.927 -.241 1.083
8 1086.815 60.815 - 253 1.687
9 1161.740 T4.926 -32 1.020
10 1237.063 75.323 -313 1.238
11 1316.271 79.207 -.330 1.046
12 1396192 79.921 -.333 1.075
13 1477199 g1.008 -337 1.076
14 1559.230 82.030 -3 1.301
14 1644 366 85.136 -.354 1.044
a. The changes are fram the previous number of clusters in the
table.
b. The ratios of changes are with respectta the change at the twa
clusters.

C. The ratios of distance measures are based on the current
number of clusters against the previous number of clusters.
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TwoStep Cluster Analysis > Using Tw01|_' alysi ify Motor Vehicles >

The clustering

Sehwarz's _ Ratio of criterion (in this
Murmber of Bayesian BIC Ratio ofBI(B‘, Distance .
Clusters criterion (811 change® | Changes Measures® case the BIC) IS
12 1214.377 computed for each
974.051 R-240.326 1.000 1.829 .
3 885924 -88.128 3BT 2,180 pOtentlaI number Of
4 so7s59 | 11838 -048 1.368 clusters. Smaller
g 931.760 34201 -142 1.036 Values Of the BlC
1] 968.073 36.313 =141 1.576 - .
T 1026.000 57.927 -.241 1.083 Indlcate bEﬁe_r .
8 1086.815 )| 60.815 -253 1.687 models, and in this
] 1161.740 74926 -312 1.020 Situation, the "best"
10 - -
N Wil e R clster soltion has
12 1306192 | 79.921 -333 1.075 the smallest BIC.
13 1477199 g1.008 =337 1.076
14 1559.230 82.030 -3 1.3
13 1644 366 85.136 -.354 1.044
a. The cm previous number of clusters in the
table.
b. The ratios of changes are with respectta the change at the twa
clusters.

C. The ratios of distance measures are based on the current
number of clusters against the previous number of clusters.
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TwoStep Cluster Analysis > Using Tw01|_' alysi ify Motor Vehicles >

However, there are

Schwarzs _ Ratio of clustering problems
Murmber of Bayesian BIC Ratio ofBI(B‘, Distance . . -
Clusters Criterion (B1C) | Change® | Changes Measures® in which the BIC will
12 1214.377 continue to
974.051 [ -240.326 1.000 1.829
3 8858924 -88.128 3BT 2,180 decrease as the
4 897559 | 11838 -048 1.368 number of clusters
g 931.760 34.201 -142 1.036 increaSES, but the
1] 968.073 36.313 =141 1.576 - .
T 1026.000 57.927 -.241 1.083 |mpr0vemen:t in the
8 1086.815 | 60.815 .23 1.687 cluster solution, as
9 1161.740 74926 -3z 1.020 measured by the
10 1237.063 75.323 -3 1.2349 3
11 1316.271 79.207 -.330 1.046 BIC Chan_ge’ = nOt
12 1396192 | 79921 -333 1.075 worth the increased
13 1477199 | 81.008 -.337 1.076 complexity of the
14 1559.230 82.030 -3 1.3 Cluster mOdEI, as
13 1644 366 85.136 -.354 1.044
a. The changes are fram the previous number of clusters in the measured by the
table. number of clusters.
b. The ratios of changes are with respectta the change at the twa
clusters.

C. The ratios of distance measures are based on the current
number of clusters against the previous number of clusters.
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TwoStep Cluster Analysis > Using Tw01|_' alysi ify Motor Vehicles >

In such situations,

Schwarzs _ Ratio of the changes in BIC
Murmber of Bayesian BIC Ratio of BIC Distance .
Clusters Criterian (812 | Change® | Changes” | Measures® and Changes in the
12 1;:’:3;: 240.326 1.000 1.829 diStance measure
3 8858924 -88.128 3BT 2,180 are evaluated 1:0
4 897559 | 11838 -048 1.368 determine the "best"
g 931.760 34.201 -142 1.036 cluster So|uti0n_ A
1] 968.073 36.313 =141 1.576 - .
T 1026.000 57.927 -.241 1.083 gOOd SOIUtIon WI"
g 1086.815 | GO.815 253 1.687 have a reasonably
9 1161.740 | 74.926 -312 1.020 large Ratio of BIC
10 1237.063 75.323 -3 1.2349
11 1316.271 79.207 -.330 1.046 Cha_nges and = Iarge
12 1396192 | 79921 -333 1.075 Ratio of Distance
13 1477199 | §1.008 -3aT 1.076 Measures.
14 1559.230 82.030 -3 1.3
13 1644 366 85.136 -.354 1.044

a. The changes are fram the previous number of clusters in the
table.
b. The ratios of changes are with respectta the change at the twa
clusters.

C. The ratios of distance measures are based on the current
number of clusters against the previous number of clusters.
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TwoStep Cluster Analysis > |

% of

% of

I Combined Total
Cluster 1 62 408% | 395%
2 39 257% | 24.8%
3 51 336% | 325%

Combined 152 100.0% | 96.8%

Excluded Cases ) 32%
Total 157 100.0%

The cluster
distribution table
shows the frequency
of each cluster. Of
the 157 total cases,
5 were excluded
from the analysis
due to missing
values on one or
more of the
variables. Of the
152 cases assigned
to clusters, 62 were
assigned to the first
cluster, 39 to the
second, and 51 to
the third.
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TwoStep Cluster Analysis > Using Tw01|_

File Edit “iew Insert WECl8 Format Analyze Graphs  Utilities  Window Help

Bookmarks

Transpoze Rows and Columns
Iowe Lavers to Bows

owe Lavers to Calumns
Fieset Fivats to Defaults

I Pivoting Trays I

Motor Vehicles >

The Centroids table
displays the mean
and standard
deviation for the
cases in each
cluster. It is currently
too wide for easy
viewing, so you are
going to pivot it.

» In the output
window, double-
click the
Centroids table
to activate it.

P From the Viewer
menus choose:

Pivot
Pivoting Trays...
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TwoStep Cluster Analysis > Using Tw0||_ alysi ify Motor Vehicles >

» Move Cluster ID
Epi\mting Trays W to the Columns
area.

™ Cluster D » Move Continuous
Variables and
Statistics to the
Rows area.

COLUMN

» Close the
Pivoting Trays
window.

Continuous “ariables

Statistics
ROW

LAYER

» Deactivate the
table by clicking
outside of its
boundaries.

&
5%
r,

]
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The centroids show
Cluster that the clusters are
1 2 3 Combined

Frice in Mean ToeTeTT | mester | TTaasen | maaiez | | Well separated by
thousands sty Deviation | 7644070 |10485175 |17.381187 | 14418660 | | the continuous
Engine size Mean 2194 3.5454 2700 3.049 Vﬂfiﬂb'ES.

Std. Deviation 4738 G353 5403 1.0485
Harsepower  Mean 143.24 187.92 232.96 184.81

Std. Deviation 30,259 39,044 54.408 56.823
Wheelbase  Mean 102595 | 112972 | 109.027 107.414

Std. Deviation 40799 8 5537 5 Th44 77178
Width Mean F8.630 72744 72.024 71.089

Std. Deviation 1.9366 41781 2.1855 3.4647
Length Mean 1783236 | 191110 | 194638 187.059

Std. Deviation 96534 | 144415 | 103512 13.4712
Curbweight  Mean 283742 | 386759 | 357890 3.37618

Std. Deviation | 310867 | G71766 | 207204 636593
Fuel Mean 14979 27 064 18,443 17.959
capacity Std. Deviation 1.8699 42804 2.0445 3.9376
Fuel Mean 27 24 19.51 23.02 23.84
efficiency Std. Deviation 3578 2.910 2.060 4.305

Q, | o |« (>
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Tqutelﬁuster Analysis > Using TwoStep Cluster Analysis to Classi

Motor vehicles in
Cluster cluster 1 are cheap,
1 2 3 Caombined
Price in Mean 1961671 [M26.56182 | 37.20080 | 27.33182 small, and fuel
thousands  sid. Deviationl§| 7.644070 Wo1s5175 |17.381187 | 14.415664 efficient.
Endgine size Mean 21494 3559 3700 3.049
Std. Deviation 4238 9358 9493 1.0498
Horsepower  hean 14324 187.82 232498 184.21
Std. Deviation 30,258 39.049 54.408 56.823
Wheelbase  Mean 102.595 112.872 108.022 107.414
Std. Deviation 4.0799 9.6537 5. 7644 7.7178
Width Mean £8.539 72744 720924 71.089
Std. Deviation 1.8366 41781 21855 3.4647
Length Mean 178.235 181,110 194 GB35 187.059
Std. Deviation 9.5534 14.4415 10,3512 13.4712
Curbweight  Mean 2.83742 396754 357890 337618
Std. Deviation 310867 BT17EE 297204 F36593
Fuel Mean 14.8789 22 064 18.443 17.950
capacity Stdl. Deviation 1 8699 42804 2.0445 3.9376
Fuel Mean 27.24 19.51 23.02 23.84
efficiency Std. Deviation 3578 2910 2.060 4.305
Q|| >
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1

Combined

Price in
thousands

Mean
Std. Deviation

19.61671
r.644070

27.33182
14.41866Y

Engine size

hlean
Std. Deviation

2194
A238

3.049
1.0498

Horsepower

Mean
Std. Deviation

143.24
a0.254

184.81
56.823

Wheelbase

hean
Std. Deviation

102,595
4.0799

112972
9.6937

109.022
5.7644

107.414
77178

Width

Mean
Std. Deviation

63.539
1.9366

72744
4173

72924
21845

71.084
34647

Lenoth

hean
Std. Deviation

178.234
46534

191.110
14.4414

194 688
10.3512

187.054
13.4712

Curb weeight

hMean
Std. Deviation

283742
30867

396759
B717ER

3.57890
297204

3.37618
BIB9S

Fuel
capacity

hlean
Std. Deviation

14.874
1.86949

22.064
42844

18.443
2.0445

17.959
39376

Fuel
efficiancy

hMean
Std. Deviation

2724
3578

19.591
2910

23.02
2.060

23.84
4.305

CEOSWIN DAL OETICS

C1OTdIlE dllgaly 5 FESUIS
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Motor vehicles in
cluster 2 are
moderately priced,
heavy, and have a
large gas tank,
presumably to
compensate for their
poor fuel efficiency.

LNETNEL CXpHONET

adllaly5€ Liciii L LEES]
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1 2 3 Combined

Price in Mean 1961671 | 2656182 @ 37.20980 § 27.33182
thausands Std. Deviation | 7.644070 |10.185175 §17.381187 §14.418669
Engine size hean 2194 3.5854 3.700 2.0449
Std. Deviation 4238 8358 3493 1.0498

Haorsepower  Mean 143.24 187.92 23296 184.81
Std. Deviation 30,259 39,049 54.408 AE.823

Yheelbase  Mean 102.595 112.872 109.022 107.414
Std. Deviation 40799 0.6537 5.7644 7.7178

Wyidth Mean F3.539 72744 72824 71.089
Std. Deviation 1 9366 41781 2.1885 34647

Length Mean 178.2358 191.110 194,628 187.059
Std. Deviation 96534 14.4415 10.35812 13.4712

Curh weight Mean 283742 38675 2.4678490 3376148
Std. Deviation 310867 BT17EE 297204 G3E593

Fuel Mean 14,979 22.064 15.443 17.959
capacity Std. Deviation 1 8699 42854 2.0445 3.9376
Fuel Mean 27.24 19 51 23.02 23.84
efficiency Std. Deviation 3578 2.910 2.060 4.305

oStep Cluster Ana to Classi

Motor vehicles in

cluster 3 are

expensive, large,
and are moderately

fuel efficient.
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TwoSte |ﬁu5ter Analysi

s = Using

Automaohile

Frequency Percent

Fregquency

Fercent

Cluster

1
2
3
Combined

1 54.5%
o 0%
51 45.5%
1112 100.0%

1
a4
0
40

245%
H7.5%
0%
100.0%

CEOWAM A it s Niallc dlldly st Foslls

Uk el WAl Elay el

The cluster
frequency table by
Vehicle type further
clarifies the
properties of the
clusters.
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TquteFuster Analysis = Using

Cluster 2 is
Automobile comprised entirely of

Frequency Fercent Frequency Fercent
Cluster 1 X 54.5% 25% trucks.

2 a 0% 24 a7.5%
3 51 45.5% . 0%
Combined 112 100.0% 40 100.0%

CEIWAM AL 3 S0CHIES DU all Coallal)y st FEsllls MUK WA Dlay i AL IS L CALMUITE all lell ) 50



Automohile Truck
Fercent Fraguency Fercent
Cluster 1 B 84 4% 1 2.45%
2 1] 0% 34 897 5%
3 a1 45 5% 1] 0%
Combined 100.0% 40 100.0%

TwnStelﬁuster Analysis > Using TwoStep Cluster Analysis to Classi

Clusters 1 and 3
contain automobiles,
save for a single
truck in Cluster 1.
Examination of the
data file reveals this
to be the Toyota
RAV4.




Variable

-# Tutorial

ol

TwoSte |__

T

TwoStep Cluster Number=1

Banferrani Adjustmernt 4pplisd

Endine size —
Curly weight =
Fuel capacity —
Horsepowel —
Wickth —
Wheelbase —
Frica in... =

Fuel efficiency —

Lencgth <

-20

e

[y |
=

Student's t

[—f--

iy}

ster Analysis > Using TwoStep Cluster An

= Critical Value
LI
-

L
O Test Statistic

nalysis to Classi
N

The "by variable"
importance charts
are produced with a
separate chart for
each cluster. The
variables are lined
up on the Y axis, in
descending order of
importance.

MNext
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TwoStep Cluster Analysis > alysi ify Motor Vehicles >

A negative f statistic
indicates that the
variable generally
= ritical Value takes smaller than
= average values
within this cluster,
while a positive {
statistic indicates
the variable takes
larger than average
values. Thus, for
Cluster 1, Fuel
efficiency takes
larger than average
20 45 40 50 5 10 values while all of
Student's t the other variables
take smaller than
average values.
These results
confirm the trends
observed in the
Centroids table.

TwoStep Cluster Number=1

Bonfermoni Adjustiment Applied

L = .
Engine size — | O Test Statistic

Curb weight — |

Fuel capacity — |

Horsepower — |
Wictth — [

Variable

Wheelhase — |

Pricein... = [

Fuel efficiency |

Length — | I
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Tqutelﬁuster Analysis > Using TwoStep Cluster Analysis to Classi

The chart for Cluster
2 shows that Width,

Bonferroni Adjustment Applied Le”gth:

TwoStep Cluster Number=2

| = oticavave | HOrsepower, and
| J ! « | Price in thousands
Fuel efficiency - | | | O Test Statistic i
Fuel capacity I I | are not important to
Curb weight - I ] the formation of this
2 Vheelbase - | cluster.
.E Engine size = I
g Wiclth — | Il
Length = I | l
Horsepower = I J I
Prica in.... = I [ I
1 I
-10 -5 0 5
Student's t
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Tqutelﬁuster Analysis > Using

The chart for Cluster

3 shows that

Bonfermoni Adstment Appied Wheelbase and

il .7 Criical Value Fuel capacity are

Horsepower — O rewsaae | NOEIMportant to the
Width - formation of this
Length— cluster, while Fuel

Engine size — ] efficiency is just

Curb weight = barely significant.

Price in_.. —

TwoStep Cluster Number=3

x
0
™
=
o
=

Fuel efficiency =
Wheelbase —

Fuel capacity —

1
50 25 00 25 a0 7.a 100

Student's t
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% Tutorial

Using the TwoStep Cluster Analysis procedure,
you have separated the motor vehicles into three
fairly broad categories. In order to obtain finer
separations within these groups, you should collect
information on other attributes of the vehicles. For
example, you could note the crash test
performance or the options available.

CEOWIN OALZD OCHICES BI04l C diialy5C FCE5UIlS INOKiad UVI Fldycl

Manuel

|
TwoSter—_m‘uster Analysis > Using TWbStICIuster Anal

\

is to Classi

L1

| ®

internet explorer

—
Next
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TwnStelﬁuster Analysis >

The TwoStep Cluster Analysis procedure is useful
for finding natural groupings of cases or variables.
It works well with categorical and continuous
variables, and can analyze very large data files.

» |f you have a small number of cases, and want
to choose between several methods for cluster
formation, variable transformation, and
measuring the dissimilarity between clusters, try
the Hierarchical Cluster Analysis procedure. The
Hierarchical Cluster Analysis procedure also
allows you to cluster variables instead of cases.

* The K-Means Cluster Analysis procedure is
limited to scale variables, but can be used to
analyze large data and allows you to save the
distances from cluster centers for each object.
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-¢ Tutorial

Hierart:ll'ﬁri Cluster Analysis =

Hierarchical cluster analysis (HCA) is an
exploratory tool designed to reveal natural
groupings (or clusters) within a data set that would
otherwise not be apparent. It is most useful when
you want to cluster a small number (less than a few
hundred) of objects.

The objects in hierarchical cluster analysis can be
cases or variables, depending on whether you
want to classify cases or examine relationships
between the variables.
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Hierarcll'ﬁﬁ Cluster Analysis >

Hierarchical cluster analysis (HCA) is an
exploratory tool designed to reveal natural
groupings (or clusters) within a data set that would
otherwise not be apparent. It is most useful when
you want to cluster a small number (less than a few
hundred) of objects.

The objects in hierarchical cluster analysis can be
cases or variables, depending on whether you
want to classify cases or examine relationships
between the variables.

o\

Previous
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Hierarchical Cluster Analysis >

Hierarchical cluster analysis begins by separating each object into a cluster by itself. At each stage of the
analysis, the criterion by which objects are separated is relaxed in order to link the two most similar clusters
until all of the objects are joined in a complete classification tree.

The basic criterion for any clustering is distance. Objects that are near each other should belong to the same
cluster, and objects that are far from each other should belong to different clusters. For a given set of data,
the clusters that are constructed depend on your specification of the following parameters:

» Cluster method defines the rules for cluster formation. For example, when calculating the distance
between two clusters, you can use the pair of nearest objects between clusters or the pair of furthest
objects, or a compromise between these methods.

» Measure defines the formula for calculating distance. For example, the Euclidean distance measure
calculates the distance as a "straight line" between two clusters. Interval measures assume that the
variables are scale; count measures assume that they are discrete numeric; and binary measures assume
that they take only two values.

= Standardization allows you to equalize the effect of variables measured on different scales.




08:55
vendredi

2011-12-16
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Car manufacturers need to be able to appraise the
current market to determine the likely competition
for their vehicles. If cars can be grouped according
to available data, this task can be largely
automatic using cluster analysis.

Information for various makes and models of motor
vehicles is contained in car_sales.sav. See
Sample Files for more information. Use the
Hierarchical Cluster Analysis procedure to group
the highest-selling automobiles according to their
prices and physical properties.
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i isai Cluster Analysis > Using S HLE

File Edit View rD—aE Transform  Analyze  Graphs  Utiities  Window Help > TO seleCt the
Define Dates... cases for
Insert Variable analySiS, frOm !]
sl the menus Adobe Download

Goto Case... choose: | Assistant
Sort Cases... )

Transpose...

Restructure... Data

::::gzts ’ Select Cases... "

Orthogonal Design  » | Nouveau dossier
Split File...

Select Cases...
Weight Cases...

’

e
HP Color LaserJet
1600 sur pse-b91...
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Q Select Cases

& Wiedth [width]
& Length [length]

(f ZIscore: Fuel effi.

CESWIN OALZD SEIIE

WELG]

& Priceinthousand... [ ]
f Engine size [engin...
f Horsepowver [hor...
f Wheelbase [whe...

f Curh weight [curb...
f Fuel capacity [fue...
f Fuel efficiency [m...
f Log-transformed ...
f Zscore: 4-yearr...
stcore: Type [zt... |
& Zscore: Priceint...|
f Zscore: Engine si...
f Zscore: Horsepo...
f Zscore: Wheelba...
f Zscore: Width [z...
f Zscore: Length[...
f Zscore: Curb we...
f Zscore: Fuel cap...

~Select

O Al cases

(3) If condition is satisfied

O Random sample of cases

| Sample |

() Use fitter variable:

O Based on time or case range

(]|

-Output

@ Fitter out unselected cases

() Delete unselected cases

Cloraire analyse resdis

() Copy selected cases to a new dataset

Dataset name: I—

Nokia Ovi Player

—

» Select If
condition is
satisfied.

» Click If.

ESEICNTE

Internet Explorer. . analyse dem f&esdis)/

Philc

4

&l
Canon My Printer

(X

Adobe Download
Assistant

Nouveau dossier

&
HP Color LaserJet
1600 sur pse-b91...
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e

A Select Cases: If

$a Manufacturer [man...
&4 Model [model]

f Sales inthousand...
& d-yearresale valu...
il venicle type [type]
& Price in thousand...
f Engine size [engin...

& Width [wicith]

& Length [length)

& Curb weight [curb...

f Fuel capacity [fuel...

& Fuel efiiciency [mpg)

& Zscore: d-yearres...
f Zscore: Type [2type]
& Zscore: Priceinth...
f Zscore: Engine si...
& Zscore: Horsepo...

& Horsepower fhors... |
& \Wheelbase [wheel..|

f Log-transformed s...|_|

(type=0) & (sales=100)

BBBH
[)l)fe]
annn

HELLE
BRmmn
EEGEE]

LU

CESWIN OALZD SEINES  FlOlfalle dlalyse resdis

WELG]

VERE0ET

» In the text field,

type (type=0) &
(sales>100).

» Click Continue.

» Click OK in the
Select Cases
dialog box.

Further analysis of
the data set will be
based on
automobiles that
sold at least
100,000 units.
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Hierarclfsa: Cluster Analysis > Using

Canon My Printer

» To run the cluster
analysis, from

the menus L-l

choose: Adobe Download
| Assistant

Edit View Data Transform | Analyze Graphs Utiities ‘Window  Help

Reports
Descriptive Statistics
Tables

Compare Means

Analyze
Classify
Hierarchical 'I

Cluster... | Nouveau dossier

General Linear Model
Generalized Linear Models
Mixed Models

Correlate

Regression

Loglinear

Neural Networks

Classify

Dimension Reduction

&a TwoStep ¢ = ’
K-Means ¢ { =

filh Hierarchic: HP Color LaserJet
— 1600 sur pse-b91...
3| Tree...

Discriminal
Survival T

- . mNaamm:\lrv % a @ @

Scale
Nonparametric Tests

Forecasting

v v v v v v v v v v v v v v v v w
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Hierarchical Cluster Analysis > Using

» Ifthe variable
list does not

m Hierarchical Cluster Analysis

& Manufacturer [man..[ <] Variables(s): - display variable
& Sales inthousand... & Price inthousands [p... | = | labels in file
e S order, right-

& Log-transformed ... & Wheelbase [wheelbas] & click anywhere
& Zscare; 4-year res... & wiidth [widith] in the variable
& Zscore: Type [zypel & Length [length] e list and from

& Zscore: Priceinth...| & Curb weight [curb_wot] [+

& Zscore: Engine si... the context

Lahel © by
& Zscore: Horsepo... - Sho La50 O menu choose
| g Madel [rmodel] |
& Zscore: Wheelha. .. “Cluster Di5p|ay
¥ Zscore: Width [wi... .
& Zscore: Length [2l... (#) Casgs () variahles Variable
¥ Zscore: Gurbwei.. Display Labels and =
ﬁZscorEf Fuelcap?...? ] Statistics [¥] Plots Sort by File
core: Fuel effici
Order.
I O ||’ Paste ” Eeset ” Cancel ” Help

» Select Price in
thousands
through Fuel
efficiency as
analysis
variables.

P Select Model
as the case
labeling
variable.

RLIRNC
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E Hierarchical Cluster Analysis: Plots W

Dendrogram

rlcicle

) All clusters

() Specified range of clusters

Start clu
Stop cluster
By
(3) None
-Orientation

(® Vertical

(O Hotizantal

Continue J|| cancel || Hew |
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Dendrogram.

» Select None in
the Icicle group.

» Click Continue.

» Click Method in
the Hierarchical
Cluster Analysis
dialog box.

&’

o
Canon My Printer

(X

Adobe Download
Assistant

Nouveau dossier

’

e
HP Color LaserJet
1600 sur pse-b91...




&’

P —— : ' ==l i
Canon My Printer

» Select Nearest
neighbor as the
Cluster Method: | earest neighbor cluster method. ‘ ﬂ
| Adobe Download

» Select Z scores ||l Assistant
@ Interval: [Squared Euclidean distance as the

Powsr (3 (2 +] standardization
O Counts: [Chirsquared measure in the Transform 'l
Values group. | Nouveau dossier

Q Hierarchical Cluster Analysis: Method

rMeasure

() Binary: |Eu>ihri ;
esert 1] » Click Continue.

~Transform Vali ~Transform Measure——

S S » Click OK in the <
ize: i i 4
8 Zscores Llsbzol sl Hierarchical 2

(3) By variable ["] change sign . j HP Color LaserJet
[ Rescale to 0-1 range Cluster AnaIYSIS | 1600 sur pse-b91...

() By case:

]Cuntinue I[ Cancel H Help ]
EPSONSX125 Series, Horaireanalyse Fesdis. Nokia Ovi Player
Manuel

.
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Hierarclfsa: Cluster Analysis > Using

Canon My Printer

The dendrogram is a
graphical summary
Rescaled Distance Cluster Combine of the CIUSter !]

CASE solution. Adobe Download
Assistant

Dendrogram using Single Linkage

Label

g

Accord
Camry
Malibu
Grand Am
Inpala
Taurus
Mustang
Focus
Civic
Cavalier
Corolla

=]

[
—
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i isai Cluster Analysis > Using S HLE

Cases are listed

along the left vertical
Rescaled Distance Cluster Combine axis_ !]

Dendrogram using Single Linkage

CASE Adobe Download

Label Assistant

g

=]

Accord
Camry
HMalibu
Grand Am
Inpala
Taurus
Mustang
Focus
Civic
Cavalier
Corolla

[
—
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Hierarclfsa: Cluster Analysis > Using

ogram using Single Linkage

Rescaled Distance Cluster Combine

[l T = S ST, B R V= T N

-
o

CESWINOALZD SENES  Flolalle dllalyse resdis
WELG]

'.A':" =
DI S T 00O M T[> Ol oAd
VENEOED
08:58
vendredi

2011-12-16

The horizontal axis
shows the distance
between clusters
when they are
joined.

REIRIT

&’

i
Canon My Printer

(X

Adobe Download
Assistant

Nouveau dossier

.’

tiE
HP Color'Laserlet
1600 sur pse-b91...




ogram using Single Linkage

" Rescaled Distance Cluster Combine

khaldi s 10

15

20
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Parsing the
classification tree to
determine the
number of clusters is
a subjective
process. Generally,
you begin by looking
for "gaps" between
joinings along the
horizontal axis.
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ogram using Single Linkage

" Rescaled Distance Cluster Combine
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Starting from the
right, there is a gap
between 20 and 25,
which splits the
automobiles into two
clusters.
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Hierarclfsa: Cluster Analysis > Using

ogram using Single Linkage

Rescaled Distance Cluster Combine
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There is another gap
from approximately
10 to 15, which
suggests 6 clusters.
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Hierarclfsa: Cluster Analysis > Using

Canon My Printer

The agglomeration

Stage Cluster First 2
Cluster Combined Appears SChEdUle IS a
']

Cluster 1_| Cluster2 | Coeficients | olstert | olster2 | Nextstagd NUMeErical summary
1 1.260 i of the cluster Adobe Download

7 1.579 4 solution. Assistant

9 1.625

2318
Nouveau dossier

2619
3.670
4.420
4.505
4774
5718

= MMM = W= D@

L= = = N RPN O e e R e e o
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Hierarclfsa: Cluster Analysis > Using

Canon My Printer

At the first stage,

Stage Cluster First
Cluster Combined Appears cases 8 and 11 are !1
A

Cluster1_| Cluster 2 i Cluster1_| Cluster2 | Next Stage combined because
1 they have the Adobe Download

1 smallest distance. Assistant

Nouveau dossier

= O W~ ®» ;W N
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The cluster created

Stage Cluster First irioini
Cluster Camhined Appears by the" jomlng neXt

Cluster 1 Cluster 2 | Coefficients | Cluster 1 Cluster 2 § Next Stage appears in Stage 7 !J-"

11 1.260 7 Adobe Download
7 1.579 Assistant

9 1.625
2318
2.619
3.670
4.420
4.505
4774
5718
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In stage 7, the

Stage Cluster First i
Cluster Combined Appears clusters created in !1
A

Cluster 1 Cluster 2 | Coefficients | Cluster 1 Cluster 2 Stages 1 and 3 are
1 1.260 0 joined_ The resumng Adobe Download

; = cluster next appears || Assistant

9 ;
6 2318 in stage 8.
5 2519

s "
4420 3

-y & | Nouveau dossier
4774
5718
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Canon My Printer

When there are
" Stage Cluster First many cases, thls

Cluster Combined Appears !1
Cluster 1 Cluster 2 | Coefficients | Cluster 1 Cluster 2 | Next Stage table becomes o
1 1.260 71| rather |Qng’ but it Adobe Download

! 1oL may be easier to At
5318 scan the coefficients

2619 column for large

ijzg gaps rather than ’l

| scan the ‘ Nouveau dossier

dendrogram.
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Hierarclfsa: Cluster Analysis > Using

Canon My Printer

A good cluster

Stage Cluster First :
Cluster Combined Appears solution sees a
']

Cluster 1 Cluster 2 | Coefficients | Cluster 1 Cluster 2 | Next Stage SUdden Jump (gap) in
1 1.260 0 7 || the distance Adobe Download

10 coefficient. The Assistant
2318 solution before the
2618 gap indicates the
good solution. ’l

3.670
Nouveau dossier

4.420
4.505
4774
5718
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Cluster Combined

Cluster 1

Stage Cluster First
Appears

Cluster 2 | Coefficients | Cluster 1

Cluster 2

= NN =S W =S 0o

1" 1.260
7 1.579
9 1.625
i po—ies

2619

3.670

4.420

4.505

4774

5718
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Nokia Ovi Player

The largest gaps in
the coefficients
column occur
between stages 5
and 6, indicating a
6-cluster solution,
and stages 9 and
10, indicating a 2-
cluster solution.
These are the same
as your findings from
the dendrogram.
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This is somewhat

Stage Cluster First i
Cluster Camhined Appears unsatlsfactory asa

Cluster 1 Cluster 2 | Coefficients | Cluster 1 Cluster 2 | Next Stage sqution, because !41
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» To run a cluster
analysis using

$a Manufacturer [man...| ~ | Variables(s): Complete Iinkage, | ﬂ
& Sales inthousand... & Price inthousands [p... |~ | Statistics recall the ‘ Adobe Download
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Q Hierarchical Cluster Analysis
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e : » Select Furthest
B4 Hierarchical Cluster Analysis: Method neighbor as the

Cluster Method: | Furthest neighbor cluster method. ‘ ﬂ
[ Adobe Download

» Click Continue. ‘ Assistant

rMeasure

®) Interval: ISquared Euclidean distance
Power: [i| [2+] » Click OK in the
() Counts: |C-h!»-5521uar;'lea‘a!.m? Hierarchical n
: Cluster Analysis (f Nouveau dossier
dialog box.

() Binany: | Euclidean distance

~Transform Vali ~Transform Measure——

_.’

Standardize: |z scores [[] Absolute values P
(3) By variable ["] Change sign ‘ HP Color LaserJet
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For the first few
Stage Cluster First stages, the schedule

olﬁlsut::ircor;:olj:te;z Coeflicients olustezppeagusterz for the complete !:l
11 1.260 linkage solution is Adobe Download
; 12;2 similar to that for the ||| Assistant
2619 single linkage
4.012 solution. In the final
;fgj few stages, they are 'l
12.440 quite different as the |} NoUveauldossier
25.436 complete linkage
54.607 solution makes a
strong classification
of two or three
clusters.
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Dendrogram using Complete Linkage

Rescaled Distance Cluster Combine

CASE 5
Label + +

Accord
Canry

Cavalier
Focus
Civic
Corolla
Malibu
Grand Am

Impala
Taurus
Mustang
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The decisiveness of
this classification is
reflected in the
dendrogram.
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The initial splitting of
the tree forms two
Rescaled Distance Cluster Combine CIUSterS. The top !]

& RSRE contains smaller Adobe Download
Label + t + + cars. Assistant

Dendrogram using Complete Linkage
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The bottom contains

larger cars.
Rescaled Distance Cluster Combine !]

Dendrogram using Complete Linkage

CASE Adobe Download
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eI The cluster of

Dendrogram using Complete Linkage

- smaller cars can be
’ 7ﬁ Y ' " Rescaled Distance Cluster Combine !]

= further split into

’. s Skyp... khaldi CASE small and economy Adobe Download
S — : ' ' ' cars. The Civic and Assistant

= Accord Corolla are both

\ B pss.. i smaller and cheaper

[ 2 Tuto.. Focus siblings of the ’l

. Civic Accord and Camry, |fi Nouveau dossier

Corolla respectively.
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- Hierarclssi Cluster Analysis = Using |FIC7ﬂ‘n Classify Automobiles >
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The complete linkage solution is satisfying

because its clusters are distinct, while the single

linkage solution is less conclusive. Using complete

linkage clustering, you can determine the

competition for vehicles in the design phase by
entering their specifications as new cases in the
data set and rerunning the analysis.
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