
The Relationship Between Categorical Variables

Example:Art Exhibition

Artists often submitslidesof their work to be reviewed
by judgeswhodecidewhichartists’workwill beselected
for anexhibition. In the1980MariettaCollegeCraftsNa-
tional Exhibition,a total of 1099artistsappliedto bein-
cludedin a nationalexhibit of moderncrafts.If we clas-
sify eachartistaccordingto two categoricalvariables:

� Wastheartistselectedor not?

� Wheredoestheartistlive?

thenwe arrive at thefollowing two-way contingency ta-
ble.

Numberof Artists
Selected Rejected TOTAL

NorthCentral 63 299 362
Northeast 55 207 262
South 44 208 252
West 54 169 223
TOTAL 216 883 1,099

BasedonSiegelandMorgan,pp.482–494.



ColumnPercentages

� Divideeachentryin thetableof countsby thetotal
for its column.

Top left columnpercentin this tableis
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Tellsus

“Of theapplicantsselectedto appearin the
exhibition,29.2%camefromtheNorthCen-
tral region.”

Answersthequestion

“ If the artist wasselected(column1), how
likelywashe/shetocomefromtheNorthCen-
tral Region (row1)?”

Columnpercentsaremoreappropriateif wearethinking
of

� Thecolumnvariableasexplanatoryand� therow variableasresponse.



Thecompletetableof columnpercents

Columnpercentagesof artists
Selected Rejected Overall

NorthCentral 29.2% 33.9% 32.9%
Northeast 25.5% 23.4% 23.8%
South 20.4% 23.6% 22.9%
West 25.0% 19.1% 20.3%
Overall 100.0% 100.0% 100.0%

This is basicallya tableof geographicaldistributions:

� Thefirst columngivestheconditionaldistribution
of artists’geographicalarea,amongartistsselected
for theexhibition: 29.2%for NorthCentral,25.5%
for Northeast,etc.

� The secondcolumn gives the conditional distri-
bution of geographicalareaamongartistsnot se-
lected.

� The third columngives the marginal distribution
of geographcalareaamongall artists.

The100%’sat thebottomof eachcolumnremindusthat
thesearecolumnpercentsandnot row percents.



RowPercentages

� Divideeachentryin thetableof countsby thetotal
for its column.

The top left row percentin the original tableof counts
wouldbe ���
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Answersadifferentquestion:

“ If theartist wasfromtheNorthCentral re-
gion(row1), howlikelywashe/sheto bese-
lectedfor theexhibition(column1)?”

Row percentsaremoreappropriateif we arethinking of
therow variableasexplanatoryandthecolumnvariable
asresponse.



Thecompletetableof row percents

Row percentagesof artists
Selected Rejected Overall

NorthCentral 17.4% 82.6% 100.0%
Northeast 21.0% 79.0% 100.0%
South 17.5% 82.5% 100.0%
West 24.2% 75.8% 100.0%
Overall 19.7% 80.3% 100.0%

For thisdata,row percentsanswer

Wastherediscriminationin acceptingartists
for the competition,basedon the region of
thecountrythey camefrom?

� The first row givesthe conditionaldistribution of
selectionfor artistsfrom theNorthCentralregion:
17.4%selected,82.6%rejected.

� Thenext row givestheconditionaldistribution of
selectionfor artistsfrom theNortheastregion,and
soforth.

� Thelastrow givesthemarginal distribution of se-
lection:amongall artists,19.7%wereselectedand
80.3%wererejected.



It is importantto identify

� which variableis theexplanatoryvariable, and

� which is theresponsevariable

sothat theappropriateconditionaldistribution is cal-
culated:

� Columnpercentsif the columnvariable is ex-
planatory;

� Rowpercentsif therowvariableis explanatory.



Association and Independence

� Two categorical variablesare independentif the
conditionaldistributionof theresponsevariabledoes
notchange, asweswitchfrom onevalueto another
of theexplanatoryvariable.

� Two categoricalvariablesareassociatedif thecon-
ditional distribution of the responsevariabledoes
change, aswe switchfrom onevalueto anotherof
theexplanatoryvariable.

Whentwo variablesare independent,knowledge of the
valuesof onevariabledoesnot help us predict the out-
comeof theothervariable.



� You canusecolumnpercentsor row percentsto
checkindependence.

For theartexhibit data,

– The columnpercentsarenot exactly the same,as
we move from the “selected”column to the “re-
jected”column.

– Therow percentsarealsonot exactly thesameas
wemove from region to region (row to row).

Strictly speaking,it doesnotappearthatthevariablesare
independent;they appearto beassociated.



AssessingtheStrengthof Association

In theart exhibit example,arethedifferencesin percent
selected.. .

� . . . just dueto minor fluctuationsin the quality of
art submittedto theexhibition judges?

Thenwewouldnotwantto claimregionaldiscrim-
ination.

We would saythe differencesarenot statistically
significant.

� . . . too largeto explainas“chancefluctuations”?

Thenthedifferencesarestatisticallysignificant. Whether
they are also significant “in the real world” de-
pendson theproblem!

Wecanassessboth

� The“significance”of deviationsfromindependence;
and� Thepatternof deviations

by comparingthetableof countsactuallyobservedwith
whatwouldhavebeenexpectedif independenceheldex-
actly.



TheExpectedTable

� Theexpectedtableisahypotheticaltable,thatshows
how thecountswouldhavebeenif the hypothesis
of independence had been exactly true.

� Eachcount in the expectedtable is computedby
multiplying therow total by thecolumntotal, and
thendividing by thegrandtotal:
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Fromtheart exhibit data,theexpectednumberof artists
selectedfrom theNorthCentralregionwouldbe���� � �����

� 	 �� � ���� �
�����
� 	 ��� ���� � 	�
 ������ !�"�

� �#� 
 �$�&%
As anothersamplecalculation,the expectednumberof
artistsfrom theSouthwhowererejectedis
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This formulais appliedto each and every entry in the
orginal table of counts. Gatheringtogetherall of these
expectedcounts,wefind theexpectedtable.

ObservedandExpectedCounts
Selected Rejected

Obs Exp Obs Exp
N. Cent. 63 71.148 299 290.852
Northeast 55 51.494 207 210.506
South 44 49.529 208 202.471
West 54 43.829 169 179.171

How do we know if thedifferencebetweentheobserved
countandtheexpectedcountis toobig?

We usea tool calledstandardizedresiduals, which obey
the68-95-99.7%rule.



ComputingStandardizedResiduals

1. First,computetheexpectedtable(we’vedonethat).

2. Computethedifferences“observed * expected”in
eachcell of thetable:

(Observed * Expected)Counts
Selected Rejected

N. Cent. * % 
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3. Finally, wedivideeachnumberin this tableby the
square-rootof theexpectedcount.
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This is thetableof tableof standardizedresiduals.



InterpretingStandardizedResiduals

StdRes �
�-, * . �
1 . is like 3 � 4 * Mean576

so that standardizedresidualsroughly obey the 68-95-
99.7%rule. They tell us how “f ar from independence”
thecorrespondingobservedcountis:

� If thestandardizedresidualispositive,theobserved
countwasbiggerthantheexpectedcount;

� If thestandardizedresidualisnegative,theobserved
countwassmallerthantheexpectedcount;

� Standardizedresidualsbetweenabout* � 
  and1.5
indicatecellsthatagreewith independence;

� Standardizedresidualsbetweenabout* � 
8	 and * � 
  
or between1.5and2.0indicatecellsthatgivemild
evidenceagainstindependence;

� Standardizedresidualsless than * � 
9	 or greater
than 2.0 indicatecells that give strong evidence
againstindependence.

In this example,noneof thecellsarecontributing much
evidenceagainstindependence.


