
ll Contingency Tables:Contingency Tables:
ll In many situations, enumeration data collected simultaneously for two In many situations, enumeration data collected simultaneously for two 

variables, and it is desired to test the hypothesis that the frequencies of variables, and it is desired to test the hypothesis that the frequencies of 
occurrence categories of one variable are independent of frequencies in occurrence categories of one variable are independent of frequencies in 
the second variable.the second variable.

ll The The 22XX2 2 Contingency tableContingency table: It is commonly encountered in biological : It is commonly encountered in biological 
research. For such tables, the computing formula:research. For such tables, the computing formula:

ll NoteNote: If                     ,                               will increase       , rather than : If                     ,                               will increase       , rather than 
decrease it. decrease it. 

ll Equation (Equation (11) should be used.) should be used.

Total Total First criteria ofFirst criteria of
ClassificationClassification

1          2 1          2 
Second criteria of Second criteria of 

classificationclassification

a+b a+b a         b a         b 1 1 

c+d c+d c         d c         d 22

n n a+c     b+d a+c     b+d TotalTotal

( )
( )( )( )( )

( )
( )( )( )( )  Correction sYate (2) ------------    

dcbadbca
0.5n-bcadn

(1) ------------    
dcbadbca

bcadn

,
2

2

2
2

++++

−
=

++++
−

=

χ

χ

2n/bcad ≤− correction sYate, 2χ

PDF created with pdfFactory Pro trial version www.pdffactory.com

http://www.pdffactory.com
http://www.pdffactory.com


ll Example:Example: A group of A group of 350 350 adults who participated in a health survey were adults who participated in a health survey were 
asked whether or not they were on diet. The responses by sex are as asked whether or not they were on diet. The responses by sex are as 
follows.follows.

ll Do these data suggest that being on diet is independent on sex? Let Do these data suggest that being on diet is independent on sex? Let 
αα==00..0505..
ll HH00: Sex and diet are independent.   H: Sex and diet are independent.   H11: Sex and diet are dependent.: Sex and diet are dependent.

ll

ll dfdf = (r= (r--11) (c) (c--11) = () = (22--11) () (22--11) = ) = 11

ll Statistical decisionStatistical decision: Accept H: Accept H00, since , since χχ22 < < 33..841841
ll Clinical decisionClinical decision: Conclude that, on the bases of these data, The : Conclude that, on the bases of these data, The 

sex and diet are independent. (P>sex and diet are independent. (P>00..0505).).

Total Total Female Female Male Male 

39 39 25 25 14 14 On diet On diet 

311 311 152 152 159 159 Not on diet Not on diet 

350 350 177 177 173 173 Total Total 
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llTest of Homogeneity:Test of Homogeneity:
ll The test of homogeneity is concerned with the question. Are the The test of homogeneity is concerned with the question. Are the 
samples drawn from samples drawn from populationspopulations are homogeneous with respect to are homogeneous with respect to 
some criterion of classification? some criterion of classification? Either row or column total may be Either row or column total may be 
under control of the investigator, that is the investigator may under control of the investigator, that is the investigator may 
specify independent samples be drawn from each of severalspecify independent samples be drawn from each of several
populations.populations.
llExample:Example: In air pollution study, a random sample of In air pollution study, a random sample of 200 200 household household 
was selected from each of two communities. A respondent in each was selected from each of two communities. A respondent in each 
household was asked whether or not anyone in the household was household was asked whether or not anyone in the household was 
bothered by air pollution. Can the researches conclude that the two bothered by air pollution. Can the researches conclude that the two 
communities differ with respect to variable of interest? Let communities differ with respect to variable of interest? Let αα ==00..0101. . 
ll Any Member of HouseholdAny Member of Household

ll Bothered by Air PollutionBothered by Air Pollution
ll Community        Yes               No                 TotalCommunity        Yes               No                 Total
ll I                  I                  43              157                 20043              157                 200
ll II                   II                   81              119                 20081              119                 200
ll Total               Total               124              276                 400124              276                 400

HH00: : the two populations are homogenous.the two populations are homogenous.
HH11: : the two populations are not homogenous.the two populations are not homogenous.
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ll Statistical decisionStatistical decision: reject H: reject H00, since           , since           
ll Clinical decisionClinical decision: Conclude that, on the bases of these data, The two : Conclude that, on the bases of these data, The two 

populations are not homogenous with respect to household bothered by air populations are not homogenous with respect to household bothered by air 
pollution. (P<pollution. (P<00..0101).).
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NoteNote::
11-- Yarnold (Yarnold (19701970), suggested that the minimum cell expectation should be ), suggested that the minimum cell expectation should be 

greater than greater than 55s/r c, where s is the number of cell expectation less than s/r c, where s is the number of cell expectation less than 
55. . 

22-- Fisher mentioned that, some times we have data that can be Fisher mentioned that, some times we have data that can be 
summarized in a summarized in a 22XX2 2 contingency table, but these are derived from contingency table, but these are derived from 
very small samples. For example, n less than very small samples. For example, n less than 20 20 or if n is between or if n is between 20 20 
and and 40 40 and one of expected frequencies is less than and one of expected frequencies is less than 5 5 the Chithe Chi--square square 
test is avoided.test is avoided.
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Example: retrospective assessment of smoking frequency. The table 
displays the daily average number of cigarettes for lung cancer 
patients and control patients.
Daily No. cigarettes

None    < 5      5-14        15-24      25-49       50+      Total
Cancer      7        55        489          475         293         38         1357

(34)* (92)     (529.5)       (453)       (223.5)       25          1357
Control    61     129        570           431        154         12          1357

(34)     (92)     (529.5)     (453)       (223.5)     25          1357
Total       68      184      1059           906        447         50          2714

we want to test whether the smoking frequency is the same for each 
of the populations sampled. Let α = 0.05.

H0: smoking frequency same in both groups.
HA: smoking frequency not the same.

•(34)= (1357*68)/ 2714

Looking in χ2
(95),5 table, we find that  = 11.07,Ho is rejected, since
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§§Clinical decisionClinical decision: Conclude that, on the bases of these data, The two : Conclude that, on the bases of these data, The two 
populations are not homogenous with respect to two groups. (P<populations are not homogenous with respect to two groups. (P<00..0505).).

07.112 >χ
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Chi-Square Table
Critical values of χχ2 at 1 df: 3.841 at p = 0.05, and 6.635
at p = 0.01
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The Chi-Square Distribution

Probability

.01.05Degrees of Freedom
6.643.841

9.215.992

11.347.823

13.289.454

15.0911.075

16.8212.596

18.4814.077

20.0915.518

21.6716.929

23.2118.3110

24.7319.6811

26.2221.0312

37.6922.3613

29.1423.6914

30.5825.0015

32.0026.3016

33.4127.5917

34.8128.8718

36.1930.1419

37.5731.4120

38.9332.6721

40.2933.9222

41.6435.1723

42.9836.4224

44.3137.6525
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