Tutorial — Case studies R.R.

Subject

Measures of association for nominal variables.

To measure the association between two continuous variables, we generally use the correlation
coefficient. Its drawbacks and its qualities are well known.

When we want to characterize the association for nominal variables, the correlation coefficient is
not suitable. We must use other indicators. The most widespread is certainly the chi-square test, it
enables to evaluate the absence of relation. We see in this tutorial that other measures are
available. We show how to use them with TANAGRA.

Descriptions of the measures depicted in this tutorial are available on the following website:

=  http://www.georgetown.edu/faculty/ballc/webtools/web_chi_tut.html

= http://v8doc.sas.com/sashtml/stat/chap28/sect20.htm

=  http://www2.chass.ncsu.edu/garson/PA765/assocnominal.htm

Dataset

In the FUEL_CONSUMPTION.XLS dataset, 205 cars are described by their CONSUMPTION, FUEL_TYPE
and ASPIRATION.

We show here the 20 first examples.

Ed Microsoft Excel - fuel_consumption.xls

@ Fichier Edition Affichage Insertion Format Outils Données Fenétre 7 Tanagra Sipina .= ﬂ
DEE ESRY &8R- QAR Ml - 2 &
D5 ] =
A B C D E F G HT

1 | Consumption fuel-type aspiration —
2 |high gas turbo

3 |high gas turbo

4 |high gas std
5 |high gas std I .l

6 | high gas std

7 | high gas std

& | high gas std

9 | high gas turbeo

10 |high gas turbo

11 |high gas std

12 |high gas turbo

13 |high gas std

14  high gas std

15  high gas std

16  high gas std

17 high gas std

18  high gas std

19 |high gas turbo

20 |high gas turbo

21 |high gas std

14 4]» M} dataset |«

Dessin = [ Formes automatiques = ™. “w [] O B ‘ @ & i - & c B = =

Prét MM

The goal is to measure the strength of the relation between ACCELERATION and the other variables.
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Chi Square test of independence

Create a new diagram

The simplest way in order to create a diagram is to load the dataset in the EXCEL spreadsheet.
Then, we select the data range and we click on the menu TANAGRA/EXECUTE TANAGRAL.

E2 Microsoft Excel - fuel_consumption. xls

Echier Edition  Affichage Insertion Format Outils Données Fenétre 7 | Tanagra Sipina .= ﬂ
DEEa8lhy | taR o @z iR - 5.2
€206 | =| std ¥
A | B | C D E F G H—

1 |Consumption fuel-type aspiration =1
Thigh gas turbo
Ihigh gas turbo
| 4 |high gas std

5 |high gas std
Thigh gas std
Ihigh gas std
| 8 |high gas std

9 |high gas turbo
Whigh gas turbo
Ehigh gas std
| 12 fhigh gas turbo
| 13 |high gas std
| 14 |high gas std

15 |high gas std
Fhigh gas std
Ehigh gas std
| 18 |high gas std
| 19 |high gas turbo

20 |high gas turbo
Thigh gas std

M4 » | v\ dataset / [«]

Dessin + ¢ Formes automatiques = ™, “w [ O 4 & - i - é -

Prét

We check the range selection and we click on OK.

Fichier Edition Affichage Insertion Format Outils Données Fepétre 7 Tanagra Sipina .= ﬂ
% ) @ - A[e-
Al A =/ std
A E & D E F G Ho
1 !Consumption fueltype ~  aspiration | =
2 :high gas turbo H
3 :high gas turbo 1
4 high gas std !
5 thigh
& ,high ecute Tanagra
7 high
8 jhigh Diataset range (incuding the nagge of the attributes - first row):
9 'high -
10 ihigh $hE1:$C$206 é J
11 thigh
12 shigh oK ‘ Cancel ‘
13 ihigh
14 ihigh
15 high gas std !
16 high gas std 1
17 thigh gas std 1
18 :high gas std |
19 :high gas turbo 1
20 :high gas turbo !
21 ,high gas std ]
4[4[ v dataset / [ 4]
Dessin R Formes automatiques « ™. D [ ‘ IE & - i hd & =
Pointer UM

TANAGRA is automatically executed. We check that 3 variables and 205 examples are processed.

1 The EXCEL add-in TANAGRA.XLA is available since the version 1.4.11. See the tutorial on the web site for the
installation of this add-in in your spreadsheet.
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" TANAGRA 1.4.18 - [Dataset (tan23C. txt)]
E File Diagram Component ‘Window Help

E

Analysiz

Datazet (tan23C.txt)

Datasource processing
Computation time 0ms

#llocated memory KB

3 attribute(s)
209 example(s)

Data wisualization

Feature construction
pLS

Spw learning aszeszment

Statistics
Feature selection
Clustering

Scoring

Database : C:\DOCUME=1'Whaison LOCALS~1\Tempttan23C, txt

Download information

Dataset description

Components
MNonparametrc statistics

Regression
Spw learning

Azzociation

Instance selection
Factorial analysis

Meta-spy learning

@Corretation scatterplot

4

Export dataset

EScattarplot

IL. Scatterplot with label

\ﬁew dataset

2

Crosstabulation table and chi square statistic

We add the DEFINE STATUS component by using the short cut into the toolbar. First, we want to
analyze the relation between CONSUMPTION (TARGET) and FULE-TYPE (INPUT).

W Fie Dia

" TANAGRA 1.4, 18 - [Dataset (tan23C.txt)]

Ainalysis

Component  Window  Help

* Define status 1

at aset (tanZSC.txt]/

Data visualization

Feature construction
PLS

Spw learning asseszment

Statistice
Feature selection
Clustering

Scoring

>

Define attribute statuses

Parameters

Atributes

Consurption

|

8] 8]

Clear selection

Define attribute statuses

@Corretation scatterplot

<

Export dataset

Parameters \
by Target Inpul
D Consumption fuel-type
| P —
ju) aspiration
=
|
B 8 5

Viaw dataset

>

We add the component CONTINGENCY CHI-SQUARE (NONPARAMETRIC tab) into the diagram and
we click on the VIEW menu.
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4 TANAGRA 1.4.18 - [Contingency Chi-Square 1] (=113
ﬁ Fil= Diagram Component ‘Window Help -
E
= Dataset (tan23C.txt) Column o
=4 Define ststus 1 Row (Y) 00 Statistical indicator Cross-tab
B Contingency Chi-Square 1 stat Value gas diesel Sum
Tschuprow's £ 0.164399  high 41 o 41
Cramer's v 0.164399  low 144 20 164
Phiz 0.027027  Sum 185 20 208
Consumption fuel-twpe Chi? [p-value) 5.54(0.0186)
Lambda 0.000000
0.0270
Tau (p-val
au (p-walue) {0.0189)
0.0461
LHRAC) (prwalue) {0.0021)
Computation time : Oms,
Crrated At 24 MR ANN7 N9:70: 75 ¥
Components
Data vipualization Statistics Monparametric statistics Instance selection Feature construction
Featurg selection Regression Factorial analysis PLS Clustering
Spw fearning Meta-spy learning Spw learning assessment Scoring fzzociation
Catesolicg Goodman-Kruskal Lambda # Kendalls tau . fhood Runs Test L Spearman’s rho
HH Contingency Chi-5quare Goodman-Kruskal Tau [LLh Kruskal-Wallis -way ANOWE B Partial Theil U Theil U
| Friedmars amowa by Ranks  [Ji] Kendalls Concordance W M:Mann-ll'tfhitney Comparison 2 Sign Test s, Wald-Wolfowitz
< >

Crosstabulation table. CROSS-TAB is a contingency table. It allows examining the frequencies of
observations that belong to each combination of categories of the variables. We note that there are
205 cars in the dataset, 20 of them use diesel fuel-type. Among these “FUEL-TYPE = diesel” cars,
all have “CONSUMPTION = low".

Chi-Square statistic. The Pearson CHI-SQUARE (CHI-2) is the most common test for significance
of the relationship for nominal variables. This measure is based on the fact that we can compute
the expected frequencies in the contingency table (i.e., frequencies that we would expect if there
was no relationship between the variables). Chi-square measures the deviation of the observed
frequencies to the expected frequencies. It is 5.54 in our dataset.

The p-value of the test allows us to determine if you must accept or reject the null hypothesis. We
can compare this value with a user-predefined significance level (p-level) of the test (e.g. 5% level
in the most cases). In our dataset, the p-value is 0.0189. We reject the null hypothesis (reject
"absence of relation") for a 5%-level.

For comparison, here are the results of the STATISTICA software.

B i
STAT - STAT. Effect. cellules mnarquéess >10
ELEMENT dl D ELEMENT .

pniy 8
5.540041

f df=1 p=.018%
Chit du 9 452478 df=1 | p=.00211 CONSUNET
Phi des tables 2 = 2 1643990
Corrél. tétrachorigue 5125254
Coeff. de contingence 1622214 Tot. Colonnes 205

TANAGRA computes some additional statistical indicators derived from CHI-2, e.g. PHI-2,
Tschuprow's t, Cramer's v.

Chi-square contributions and calculations details. It is possible to obtain the detail of
calculations in the contingency table. We can for instance visualize the expected frequencies table:
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we activate contextual menu PARAMETERS, and in ANALYSIS tab we click on the EXPECTED VALUES
option.

[ TANAGRA 1.4.18 - [Dataset (tan23C.txt)]
E File Diagram Component ‘Window Help

H %

Analysis

Cross-tabulation parameters

Parameters | Analysiz

Additional information
O Mons
O Row percent

= Dataset (tanZ3C.txt)
=%l Define status 1

Database : C\DOCUME-1

Execute

Wiew

Datasource procpssing

O Colurmn percent

Computation timef 0ms O Chi-square contributio

Mocated memory | 4 KE @ Expected valueié
Residuals

Dataset desc *

3 attribute(s) Contribution thresald

205 example(s)
Highlight cantribution greater than |2.00 * average

Attribute  Category

Ci
Data wisualization Statistics MNonparamet
QK “ Cancel “ Help
Feature selection Regression Factarial
Spv learning Meta-spy learning Spv learning assessment Scoring Azzociation
Categorical r Goodman-Kruskal Lamhda # Kendalls tau s Mood Runs Test #7 Spearman's rha
B Contingency Chi-Square Goadman-Kruskal Tau Kruskal-Wallis 1-way ANOWA B Partial Theil U Theil U

Wiald-Wolfowitz

EEl Friedman's &NOWE by Ranks (1] Kendalls Concardance W Lﬂ:Mann-Whitney Comparisan -° Sign Test

< | >

We click on the VIEW menu.

{7 TANAGRA 1.4.18 - [Contingency Chi-Square 1]

E File Diagram Component window Help - 8 x
B %
Analysis -~
= Dataset (tan23C.txt) Column o
& f:* Define status | Row (Y} 00 Statistical indicator Cross-tab
Techuprow's £ 0.164399 a1 o 41
Cramer's 0. 164399 SO0 GHED
Phiz 0.027027 T 2 L
148,00 5,00
p— 5,54
Consumpkion fuek-type i# (prvalue) 0,018 SUm 1 20 208
Lambda 0.000000
0.0270
Tau (p-value) 0.0129)
LRAC) 0.0461 -
(p-walue) (0,0021)
v
Components
Data wisualization Statistics Nonparametric statistics Instance selection Feature construction
Feature selection Regression Factaorial anakbysis PLS Clustering,
Spw learning Meta-spy learning Spw learning assessment Scorng Azzociation
Categorcal v Goodman-Kruskal Lambda " Kendalls tau Mood Runs Test L, Spearman's rh
B Contingeney Chi-Square Goodman-Kruskal Tau L[h Kruskal-Wallis 1-way ANOWA  BE Partial Theil U Theil U
|'|:| Friedman's AMOWA by Ranks |H| Kendalls Concordance W LﬁfMann-Whitney Comparisan s Sign Test e, W |- o F |
< J H

The expected frequencies are now printed under the observed frequencies.

We can also obtain the cells contributions. They are useful in determining which ranges of the two
variables depicted in a table are contributing the most to the overall relationship. We click again on
the PARAMETERS menu and select, in the ANALYSIS tab, the Chi-square contributions option.
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Ay

I

B

= Dataset (tanZ3C.txt)
= £ Define status 1
B Contingency Chi-Square 1

Fararreters | Analysis

T Additional information
O Mane
) Row percent

O Column percent
() Chi-square contribution e
O Expected values

' Residuals

7~ Confribution thresold

Highlight contribution greater than |2.00 ™ average

|

Data wisualization |
Feature selection |

Spy learning |

Statistic

[ Ok

[ cameet J[_ie

ture construction

Regression

Meta-spy learning

Factoral analysiz

| Spy learning assessment |

PLS | Clustering

Scoring | Azsociation

Categorical r Goodman-Kruskal Lambda #Kendalls tau i Mood Runs Test L Spearman's
B Contingency Chi-Square Goodman-Kruskal Tau Ljh Kruskal-Wallis 1-way &NOWE  BE Partial Theil U Theil U

[FH Friedman's ANOWA by Ranks  [Hi Kendalls Concordance w M:Mann-Whitney Comparison 2+ Gign Test ., Wald-alfowd
hd | >

We obtain the following results.

" TANAGRA 1.4.18 - [Contingency Chi-Square 1] 5
E File Diagram Component ‘Window Help = 4
=

Analysiz l ~

=] Dataset [tan23C.txt) Column o

E! “:i Define status 1 Row (¥} 00 Statistical indicator Cross-tab
Tschuprow's £ 0, 164399 41 a 41
Cramer's u 0164399 (8 %) )
Phiz 0.0z7027 i 2 L2
-2 [+ 18 %)
S 5,54
Consumption fusl-type i# (prvalue) (0.0186) 1 20 205
100%
Lambda 0.000000
0.0Z70
Tau (p-value) 0.0183)
LRAC) 0.0461 =
(p-walue) (0.0021)
v
Components [
Data wisualization | Statistics ‘ I Nonparametric statistics | Instance selection | Feature construction |
Feature selection | Regression ‘ Factaorial anakbysis | PLS | Clustering, |
Spv learning | Meta-spy learning ‘ Spw learning assessment | Scoring | hssociation |

Categorical r

Goodman-Kruskal Lambda

#" Kendall's tau

s Mood Runs Test

¥ Spearman's rl
Theil U
5, Wald-Wolfowd

H Contingency Chi-Square Goodman-Kruskal Tau
|§|§‘ Friedman's ANOWS by Ranks mj‘ Kendalls Concordance W

MfKruskal—Wallis T-way ANOVA Bl Partial Theil U

MfMann-Whitney Comparson  : : Sign Test

< | >

The contributions are displayed in percent of the whole chi-square statistic (CHI-2 = 5.54 in our
dataset). When the contribution is 2 times (we can modify this) larger than the average
contribution, it is underlined.

In our table, we observe that the relation between CONSUMPTION and FUEL-TYPE relies mainly on
the opposition (-72%) between diesel fuel type and high consumption.

Of course, this kind of analysis is only interesting if the CHI-2 is significant.
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Asymmetric association

In the most of cases, the variables have not a symmetrical role in the analysis. We want to check if
one variable determines the values of another variable. For instance, we want to know if the FUEL-
TYPE determines the CONSUMPTION. A first way to check this kind of association is to display the
column percentage in the table. Then we can determine if the proportion of cars with low (high)
consumption are different according to their fuel type. To do that, we modify again the parameters
of the component.

. TANAGRA 1.4.18 - [Dataset (tan23C.1xt)]
B File Disgram | Component  Window  Help

e & %

Analysis ]

= Dataset [tan23C. txt]
= ¥4 Define status 1
Cross-tabulation parameters

| Parameters | &nalysis

~ Additional information
C'Mone
O Row percent

' Contingency Chi-Squars 1

@ Column percent

(O Chi-square contribution
O Expected values

' Residuals

~

[~ Contribution thresald

Highlight contribution greater than |2.00 X average

Data visuslization | Statistic ture construction |
Featurs selection | Regressi Clustering |
Spv learning | Meta-spy | Association |
FCategorical r Goodman [ ox [ cancel | Hele 1+ spearman's rl
H Contingency Chi-Square Goodman-Kruskal Tau Tl Kruskal iallis T-way #HOWA B8 Partial Theil U Theil U
EEl Friedman's ANOVA by Ranks  [I7 Kendalts Concordance W [l Mann-Whitney Comparison  Z° Sign Test 5, Wald-Wi olfoud

L] | L]

We obtain the following table.

" TANAGRA 1.4.18 - [Contingency Chi-Square 1]

E File Diagram Component  ‘window Help
Dw H %
[ -
a Dataset (tan23C.txt] &I
B*:‘ Define status 1 Row (Y} 00 Statistical indicator Cross-tab
— o TR, [sta 0 [Tvase s [eset | sum
Tschuprow's t 0.164399 . 41 o 41
Cramers v 0.164399 220X g% 2%
Pz 0.027027 14 2 =
F7.84% 100.00% 0%
5,54
Consumption fusl-type Chi? (p-value) 10.0186) 185 prin) 205
F00% 100% F00%
Lambda 0.000000
0.0270
T -wall
au {p-value) R
LRI 0.0481 |
(p-walue) (0.0021)
-
Components |
Data visualization | Statistics | I Monparametric statistics | Instance zelection | Feature construction ‘
Feature selection | Regression | Factarial analysis | PLS | Clustering \
Spv learning | Metazpy learning | Spw learning asseszment | Scoring | Aszociation ‘

L"Spearman‘s rH
Theil U
st 3L d-W o lf ol

< Kendalls tau
Ljh Kruskal-uallis 1-way AMOVEA
Lﬁ:l\l\ann-whitney Caomparzon

E Categorical r Goodman-Kruskal Lambda
E Contingency Chi-Square Goodman-Kruskal Tau
[l Friedman's ANOV#A by Ranks [}l Kendalls Concordance i

s Mood Runs Test
EE Partial Theil U
< sign Test

< | >

We note that the consumption is different according to whether the car uses diesel or gas. Working
on percentages makes the columns comparable, which authorizes this kind of analysis.
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PRE measures (Proportionate Reduction in Error)

PRE measures are asymmetric. They allow characterizing a prediction analysis (TARGET vs. INPUT).
Three measures are available: Goodman & Kruskal's Lambda; Goodman & Kruskal's Tau; Theil's U
(Uncertainty Coefficient). The last two indicators display also the p-value of the significance test.

It is possible to obtain the details of calculations using specific components.

Goodman-Kruskal Tau. We add the GOODMAN-KRUSKAL Tau component (NONPARAMETRIC tab)
into the diagram, under DEFINE STATUS 1. We obtain the following results when clicking on the

VIEW menu.

' TANAGRA 1.4.18 - [Goodman-Kruskal Tau 1] ]=1E3]

(=l

EFiIe Diagram Component  ‘Window  Help 5

H

Analysis

= Cataset (tan23C.txt)
=K Define status 1
B Contingency Chi-Square 1
Goodman-Kruskal Tau 1

Goodman & Kruskal's Tau for nominal attributes
hd X Tau Chi? d.f. p-value

Consumption fuel-type 0.027027 E.E1 1 0.0189

Computation time : 0 ms.,
Created at 26/06/2007 10:23:51

Components

Data wisualization Statistics 'm Instance selection
Feature construction selection Regression Factorial analysis
PLS Clusterin Spw learning Meta-spw learning
Spw learning assessment Scoring Aszzaciation
Categorical r |§|§| Friedman's ANOWA by Ran( E Goodman-Kruskal Tau ) " Kendall's tau m:ﬂ'\al
E Contingency Chi-Square Goodman-Kruskal Lambda m:l Kendalls Concordance W Ljh Kruskal-Wallis 1-way AMOWEA @ fo
< I >

Tau statistic between CONSUMPTION (TARGET) and FUEL-TYPE (INPUT) is displayed again (0,0270).

The computed chi-square is a transformation of Tau (see Light & Margolin, 1971). It is 5.51. The
degree of freedom is the same than the test of independence. The obtained p-value (0.0189)
enables to conclude to a significant association at the 5%-level.

Theil’s U. We add now the THEIL U component into the diagram.
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" TANAGRA 1.4.18 - [Theil U/1] [=(E3]
EFiIe Diagram Component  ‘Window Help - 8 x
B
Analysiz

= Dataset (tan23C.txt)
=% Define status 1

B Contingency Chi-Square 1
Goodman-Kruskal Tau 1

et 1 Theil's U (Uncertainty Coefficient) for nominal attributes
Y X Theil's U Chi? d.f. p-ralue sigma 95% C.l.
Consumption fuel-type 0.046073 9.45 1 0.0021 0.010426 0.0256 ; 0.0665

Computation time : 0 ms.
Created at 26/05/2007 10:27:26

Components
Data wisualization Statistics i Instance selection Feature construction
Feature selection Regression Factorial analysis FLS Clustering
Spv learning Meta-spv learning Spw learning assessment fssociation

Categorcal r Goodman-Kruskal Lambda #"Kendall's tau s, - Spearman's rho
H Contingency Chi-Square Goodman-Kruskal Tau Ljh Kruskal-wallis 1-way ANOWE  FE Partial Theil U
|§|§| Friedman's AMOWE by Ranks HH kKendalls Concordance W MMann-Whitney Comparizon ok Sign Test s, Wald-Wolfowitz Runs Te
< | >

The Theil's U is 0,046 in our analysis. There is also a chi-square transformation of this statistic, says
also “Likelihood Ratio Chi-Square” statistic in some software. Then we can compute the p-value of
the test. We observe the same conclusion as the preceding test.

For comparison, STATISTICA gives the following results.

‘fe Stats : CONSUMPT(2) x FUEL_TYP(2) (fuel_consumption.sta) - O] x
STAT.

ELEMENT . dl p
Chi? de Pearson 5.540541 df=1 p=.01858
Chi? du HV 9452478 di=1 p=.00211

Cosff. d'incertitude i.DLIEuEI?EE ¥=.0721161 E|¥=.05622

For the Theil’s statistic, TANAGRA computes also the asymptotic variance/standard-deviation. Then,
to give an idea of the variability of the solution, the 95% confidence interval is presented.

Partial association

In some situations, we may seek to control for the effects of a variable E on the association
between two nominal variables A and B.

For more details about this problem, see the following websites:

=  http://www2.chass.ncsu.edu/garson/PA765/association.htm#spss

=  http://www2.chass.ncsu.edu/garson/pa765/partialr.htm

In our dataset, ASPIRATION is the third variable that can play an important role (standard or turbo).

Partial Theil’s U. We add a DEFINE STATUS component at the node of the diagram. We set
CONSUMPTION as TARGET, FUEL-TYPE as INPUT, and ASPIRATION as ILLUSTRATIVE.
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Define attribute statuses

{7 TANAGRA 1.4.18 - [Theil U 1]

Parameters

Component  wWindow  Help

B Fle Dia
n Attributes
- Consumptio
Analyziz D fueltype
D aspiration

Cansumption

= EZ Dataset (tan23C txt)

(= ¥l§ Define status 1 Define attribute statuses

Paramsters |

E Contingency Chi-Square 1_L35

E Goodman-Kruskal Ta .
— , Aftributes : e ‘ Inpu
Theil U1
) D Cansumption fuektype
“4 Define status 2 IDmh
Y Y I e—- W
i 0665
]
Computation time : 0 ms.
Define attribute statuses
Ll | Parameters |
N s Clear selection
Atributes Target | Input | lhustrat —
Data wisualization Statistics D Gonsumption sspiration
D fuel-
Feature zelection - [ﬁw Clustering,
Spv learning Meta-spy learl Association
= — -
[H Categorical v E Goadman- J ns Test LSpearman's rho
B Contingency Chi-Square Goodman- heil 1 B Theil U
[ Friedman's &AMOVA by Rarks  [[f] Kendalls L s, Wald-W alfowitz Runs Te
£ *
= Bl 8] 8| =
oK Cancel Help

Then, we add the PARTIAL THEIL U component (NONPARAMETRIC STATISTICS tab).

" TANAGRA 1.4.18 - [Partial Theil U 1] |Z”E‘E|

= ||

m File Diagram Component ‘Window Help
EH
Analysis ~
= Dataszet (tan23C.txt) —
+, ] . . . e
= % Define status 1 Partial Uncertainty Coefficient
B Contingency Chi-5quare 1
Goodman-Kruskal Tau 1 Target. A Input.B Control. E Partial U(AB 1 E)
[ Theil U1 U{AB) U{ABJE) Sigma 95% C.I.
= R Define status 2 0.046073  0.087686 0.024192 0.0403 ; 0.1351
FE Partial Theil U1 Details
Consumption fuel-type aspiration
Value U{AB fE=K} Sigma 95% C.I.
E=turbao 0.309%  0.0819 0.1493; 0.4705
E=std 0.0173  0.0066 0.0044; 0,0301 0
~
Components
Data vizualization Statistics Monparametric statistics Instance selection Feature construction
Feature selection $ Factorial analysis PLS Clustering
Spv learning. Meta-spy learning arning assessment Scaring hssociation
ElCategorical r Goodman-Kruskal Lambda " Kendalls Tae L Spearman's rho
B Contingency Chi-Square Goodman-Kruskal Tau hh Kruskal-Wallis 1-way ANOWR Theil U
|§|§\ Friedman's ANOVA by Ranks "H Kendalls Concordance W hKMann-Whitney Caomparisan s Wiald-Malfowitz Runs Te
< | S

We observe that the partial association U(AB/E) = 0.0876 is larger than the association U(AB) =
0.0460. It seems that the association between CONSUMPTION and FULE-TYPE is more significant for
ASPIRATION=TURBO cars. Indeed, we see in the table that the conditional association
U(AB/E=turbo)=0.3099. TANAGRA computes also the asymptotic standard deviation and the 95%

confidence interval.

The partial association is a weighted average of the conditional association index. The weight
depends on the frequencies of the control value but also on the prediction error. See Olszak and

Ritschard (1995) for detailed explanation?.

2 M. OLSZAK, G. RITSCHARD (1995) « The behavior of nominal and ordinal partial association measure », in
The Statistician, vol.44, n°2, pp.195-212.
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Conditional association. We want to lead a deeper analysis on the subset of cars
ASPIRATION=TURBO. We must apply all the computations on the examples corresponding to this
characteristic.

To do that, we add the DISCRETE SELECT EXAMPLES component (INSTANCE SELECTION tab) into
the root of the diagram. We set the attribute selection to ASPIRATION and the value selection to
TURBO.

Analysis ~
= [EE] Dataset (tan23C. txt)
= ¥4 Define status 1 artin ncertain nefficien
E Contingeney Chi-Square 1 Attribute-value examples selection
Goodman-Kruskal Tau 1
Theil U 1 m| 95% C.1.
=5 Define status 2 0403 30,1351
B Partial Theil U 1
o Discrete selsct sxamples 1 ~| Attribute |aspi,awn v‘ ATy
sEsEmmsmmsmEmmEEE
L1495 5 0.4706
Yalue : |turbu v\ 00445 0.0301
hd]
Data wiualization Statistic Feature construction
Festure {election Regressi 0K ][ Cancel ][ Help Clustering
Spv leakming Mheta-spy learming | GPv [Garming assessment Corng Association
& Continugus Yeleck examples 4, Rule-based selection
& Discrete selsct example # Sampling
& Recover examples # Stratified sampling

Then, we insert again the DEFINE STATUS and CONTINGENCY CHI-SQUARE components. TARGET
attribute is CONSUMPTION, and the INPUT one is FUEL-TYPE. We obtain the following results when
we click on the VIEW menu.

' TANAGRA 1.4.18 - [Contingency Chi-Square 2]

E File Diagram Component window Help S -
Ow B
= B Dataset (tan23C txt] Row (¥} Column (X} statistical indicator Cross-tab
| = ¥4 Define status 1 “ e
&%z
- Contingency Chi-5quare 1 mml —
— Tschuprow's t B1EET 1 o B
[ Goodman-Kruzkal Tau 1 Ts.chu_prows___ el 54 T}'; 0.00% .3;%
B Theil U1 Cramer's v -055416.'6?. : 1.1 : 13 : iy
P i Fhiz - 0.393403
- £ Define status 2 Consumption Tusktype = = : 45.83%  100.00% o
- E Partial Theil U 1 Chi? fp-value)  10.86 (000100 24 13 a7
= ¢ Discrete select examples 1 Lambda: 0153846 %”nll 100% .10695’; fb’O%
= £ Define status 3 Tau (p-walue) 02934 (0.0012)
-+ Contingency Chi-Square URACY (p-valus) 0.3099 (0,0001)
3] | Bl —_—— _
| Components .
Data visualization Statistics Monparametrc statistics ] Instance selection Feature construction
Feature selection Regression Factorial analysis PLS Clustering
Spw learning Meta-spw learning Spw learning assessment Scoring Association

# Continuous select examples 4 Rule-based selection
;}fDiscrete select examples fSampling
%, Recaover examples & Stratified sampling

There are 37 ASPIRATION=TURBO cars in the database. All the FUEL-TYPE=DIESEL cars present a
low CONSUMPTION. At the opposite, a majority (54.17%) of FUEL-TYPE=GAS cars have a high
consumption. The association is significant at the 1% level (p-value = 0.0001).
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Variables interaction

Another kind of analysis is to analyze the interactions between FUEL-TYPE and ASPIRATION in the
determination of CONSUMPTION. The easiest way is to create a new variable as follows.

Creation of a new variable. We close TANAGRA. In the EXCEL spreadsheet, we add a new
column (FUEL-ASPIRATION). We insert the following formula3.

Ed Microsoft Excel - fuel _consumption.xls r'._|rE|§|
Fichier Edition Affichage Insertion Formabt ©Outils Données Fenétre ¥ Tanagra  Sipina — |2 il
DE=E SBY & 2R 9- = A2l e - T ST
oz j =| =COMNCATEMER(B2:"_";C2
A 5] [ D E F G =
1 |Consumption fuel-type aspiration fuel-aspiration —_
2 |high gas turbo I§as turbo -l
3 |high gas turbo gas_turbo
4 |high gas std gas_std
5 |high gas std gas_std
& |high gas std gas_std
7 |high gas std gas_std
& |high gas std gas_std
9 |high gas turbo gas_turbo
10 |high gas turbo gas_turbo
11 |high gas std gas_std
12 |high gas turbo gas_turbo
13 |high gas std gas_std
14 |high gas std gas_std
15 |high gas std gas_std
15  high gas =td gas_std
17  high gas =td gas_std
18  high gas =td gas_std
19  high gas turbo gas_turbo
20 | high gas turbo gas_turbo
21 | high gas =td gas std
4|« » [ ¢ dataset [«
Dessin - h Formes automatiques = ™. “w |:| [ .4 - .
Prét

@ Fichier Edition Affichage Insertion Format Outils Donnees Fenétre ¢ Tanagra  Sipina g = _?'_C_J
DEESGRY BRI o- &A@ BB 0% - 252
| = = —CONCATENER(B206;"_" C206) '
T & | B8 [ ¢ | b | ] =
1 |Consumption fuel-type aspiration  [fuel-aspiration —
2 |high gas turbo gas_turbo
3 |high gas turbo gas_turbo
4 |high gas std gas_std
5 |high gas std gas_std
6 |high gas std gas_std
7 |high s =tcl cas st
8 |high Execute Tanagra
9 |high
ig ::3: Dataset range fincluding the name of the attributes -- first row):
12 |high $A$1:$D$206 2
13 Jhigh
14 |high fel4 | Cancel ‘
15 |high
16 |high
17 |high gas std gas_std
18 |high gas std gas_std
19 |high gas turbo gas_turbo
20 |high gas turbo gas_turbo
21 lhigh 9as std gas std
4> »'dataset / RN
| Dessin =[x (5 | Formes adtomatiques » . s [] O 4 E:] | &y -
Prét I

3 In English EXCEL version, we use the following function =CONCATENATE(...).
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We insert the DEFINE STATUS component. We set CONSUMPTION as TARGET, FUEL-ASPIRATION as

INPUT.

Define attribute statuses

i TANAGRA 1.4.18 - [Dataset (tan252.txt)]

S[=1Ey

EFiIe Diian Component  Window  Help Pmme‘m‘ - 8 x
Atributes @
= ion Cansumption
Analysis I fue-ype ~
p— D aspirati
S Deteset [tanZia ) /’ Dfausjl_;as;’:amn =
#% Define status 1 5T bt
al8l ol
[ ok [ cance J[ Heto | L
Pararmstars |
Stiributes == |@
D Consurmption fuel-aspiration v
D fuektype
= D aspiration
o D —
Data visualization Statistics Feature construction
-
Feature selection Regression J Clustering
Spw learning Meta-zpy learning hzzociation
@'Correlation scatterplot catterplot
Expor‘t dataset Ig,Scatterplot ity
0N |
[ ok [ conest [ hep |

We add the CONTINGENCY CHI-SQUARE component. We select the Chi-Square contributions option.

i TAMAGRA 1.4.18 - [Contingency Chi-Square 1]
E File Diagram Component window Help

= T

Lnalysiz

=] Dataset (tan252.txt)
(=g Define status 1
M Contingency Chi-Square 1

23

Additional information 3

Contribution thresold 20

Row {Y) Column {X) Statistical indicator Cross-tab

| st vewe  gmfwbo gwstd dieselturbo dieseldd  Sum
Tschuprow's £ 0,255589 13 28 o o 41
Cramers v 0336374 (> A 25 () e
Phiz 0,113147 11 133 13 7 164

Consumption fuel-aspiration (- 15 %) i+ 1) [+ 3 %) [+ 2 %)
Chi? p-value) 23.20 (0.0000}

24 161 13 7 208

Lambda 0.0457g0  Sum 100%
Tau ip-value) 0.1131 (0.0000)

UIRSC]) (p-value) 0.1135 {0.0000) L

< I3 «
Camponents
Data visualization Statistics Monparametrc statistics Instance selection Feature construction Feature selsction
Regression Factoral analysis PLS Clusterng Spw learning Mheta-spy learning
Spullearning assessment Scaring Association

2

Cf . g
: Contingency Chi-fguare

3

Friedman's ANOWA by Ranks
Goodman-Kruskal Lambda

P Partial Theil
- sign Test

#" Kendalls tau
Ljh Kruskal-Wallis T-way AMOWE

MMann-Whitney Comparison
#. Mood Runs Test

Goodman-Kruskal Tau
[f] kendalts Concordance W

I ¢

The CHI-QUARE statistic is 23.20. The relation is very significant (p-value < 0.0000...). The main
information (60%) into the contingency table is the "high" consumption of TURBO-GAS cars.
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Conclusion

CHI-SQUARE statistic is widely used in order to gauge the relation between two nominal variables.
In this tutorial, we have shown how to implement this kind of analysis with TANAGRA.

In addition, because the chi-square and derived measures are symmetric, they cannot handle a
prediction/explanation process, we present also some asymmetric measures.

8 mai 2007 Page 14 sur 14



