
ll ChiChi--square Distribution {square Distribution {χχ2 2 --Distribution}Distribution}
ll ChiChi--square:square: is defined as the sum is defined as the sum 00f squares of independent f squares of independent 
normally distributed variables with zero mean and unit variance.normally distributed variables with zero mean and unit variance.

ll The mean and variance of chiThe mean and variance of chi--square distribution aresquare distribution are
ll . . 

ll GoodnessGoodness--OfOf--Fit Test:Fit Test:
ll This test refers to the comparison between some observed sample This test refers to the comparison between some observed sample 

distribution and theoretical frequency distribution. This test is based distribution and theoretical frequency distribution. This test is based 
on the quantityon the quantity
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ll Example:Example: The following table shows the age distribution of cases of a The following table shows the age distribution of cases of a 
certain diseases reported during a year in state. Test the hypothesis that certain diseases reported during a year in state. Test the hypothesis that 
these data comes from a normal distribution. Let these data comes from a normal distribution. Let αα = = 00..0505..

ll From the following table computeFrom the following table compute 12.963.s   and   233.35x ==
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ffii = O= Oii

AgeAge

00..7425742500..7425742500..0099009900<<55

00..4465446533..7125712500..04950495--22..3333555 5 -- 1414

00..235023501111..6550655000..15541554--11..5656101015 15 -- 2424

00..030003002020..7900790000..27722772--00..7979202025 25 -- 3434

00..037903792121..1050105000..28142814--00..0202222235 35 -- 4444

00..056205621212..1725172500..16231623++00..7575131345 45 -- 5454

00..0065006544..8225822500..06430643++11..52525555 55 -- 6464

11..554655467575..0000000011..000000007575
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ll HH00: Data were drawn from normally distributed population.: Data were drawn from normally distributed population.
ll HH11: Data were not drawn from normally distributed population.: Data were not drawn from normally distributed population.

ll Note: Classes with expectations bellow Note: Classes with expectations bellow 1 1 should combine, and k is the number of should combine, and k is the number of 
classes after such combinations have been made.classes after such combinations have been made.

ll The number of degree of freedom (kThe number of degree of freedom (k--11--r), in ar), in a χ χ22 goodnessgoodness--ofof--fit test is equal to the number of fit test is equal to the number of 
cells minus the number of quantities obtained from the observed data that are used in the cells minus the number of quantities obtained from the observed data that are used in the 
calculations of expected frequencies.calculations of expected frequencies.

ll dfdf = k= k--11--r r = = 66--11--22= = 3 3 (after combination)(after combination)

ll Statistical decisionStatistical decision: Accept H: Accept H00, since , since 
ll Clinical decisionClinical decision: Conclude that, on the bases of these data, the sample came from normally : Conclude that, on the bases of these data, the sample came from normally 

distributed population. (P>distributed population. (P>00..0505).).
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ll ExampleExample: Calculation of : Calculation of   χχ22 goodnessgoodness--ofof--fit of data consisting of fit of data consisting of 100 100 
hair colors to a hypothesized color ratio of hair colors to a hypothesized color ratio of 33::11. Let . Let αα ==00..0505..

ll Hair colorHair color
ll Black                  Brown                TotalBlack                  Brown                Total
ll ffii= = OOii 84                        16                    10084                        16                    100
ll FFii= = eeII 75                        25                    10075                        25                    100
ll

ll ee11= = 100100**33//44==75        75        ,         ,         ee22 = = 100100**11//4 4 ==2525
ll HH00: The sample data came from a population having a : The sample data came from a population having a 33::1 1 ratio of    ratio of    

black to brown hair.black to brown hair.
ll HH11: The sample data came from a population not having a : The sample data came from a population not having a 33::1 1 ratio ratio 

of black to brown hair.of black to brown hair.

ll Statistical decisionStatistical decision: Reject H: Reject H00, since , since Clinical decisionClinical decision: Conclude that, : Conclude that, 
on the bases of these data, the sample not having a ratio on the bases of these data, the sample not having a ratio 33::1 1 of of 
black to brown hair. (P<black to brown hair. (P<00..0505).).
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ll Test of Independence:Test of Independence:
ll Use of the chiUse of the chi--square distribution to test the null hypothesis that the square distribution to test the null hypothesis that the 

two criteria of classification, when applied to the same set of two criteria of classification, when applied to the same set of 
entities are independent. entities are independent. We say that the twoWe say that the two criteria of criteria of 
classification are independent if the distribution of one criterion is classification are independent if the distribution of one criterion is 
the same no matter what the distribution of the other criterion.the same no matter what the distribution of the other criterion. This This 
test is based on the quantitytest is based on the quantity

ll This test is used when the observed number of entities, falling into This test is used when the observed number of entities, falling into 
each cell was determined after the sample was drawn as a result, each cell was determined after the sample was drawn as a result, 
the row and column totals are chance quantities not under control the row and column totals are chance quantities not under control 
of the investigator. of the investigator. 

ll NOTENOTE: {: {Single sample drawn from single populationSingle sample drawn from single population}.}.
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llExample:Example: 500 500 elementary school children were cross classified by socioeconomic elementary school children were cross classified by socioeconomic 
group and the presence and absence of a certain speech defect. The results were as group and the presence and absence of a certain speech defect. The results were as 
follows:follows:
llSocioeconomic GroupSocioeconomic Group
llSpeech                 Upper    Speech                 Upper    UpperUpper Middle    Lower Middle    Lower MiddelMiddel Lower          TotalLower          Total
llDefect                   Defect                   o     e        o       e            o        e           o      eo     e        o       e            o        e           o      e
ll Present                 Present                 8  8  ((99..11)     )     24  24  ((2626..3939)       )       32  32  ((3030..9494)       )       27  27  ((2424..5757)       )       9191
llAbsent                 Absent                 42 42 ((4040..99)   )   121 121 ((118118..6161)   )   138 138 ((139139..0606)    )    108 108 ((110110..4343)    )    409409
llTotal                    Total                    5050 145                  170                   153                    500145                  170                   153                    500
llAre these data compatible with the hypothesis that the speech defect is unrelated to Are these data compatible with the hypothesis that the speech defect is unrelated to 
socioeconomic status? Let socioeconomic status? Let αα = = 00..0505..
llee1111 ==9191**50 50 / / 500 500 = = 99..1       1       ,         ,         ee23 23 ==409409**170 170 / / 500 500 ==139139..66
ll HH00: Speech Defect and socioeconomic status are independent.: Speech Defect and socioeconomic status are independent.

llHH11: Speech Defect and socioeconomic status are dependent.: Speech Defect and socioeconomic status are dependent.

lldfdf = (r= (r--11) (c) (c--11) = () = (22--11) () (44--11) = ) = 33

llStatistical decisionStatistical decision: Accept H: Accept H00, since , since χχ2 2 < < 77..815815
ll Clinical decisionClinical decision: Conclude that, on the bases of these data, The speech effect and : Conclude that, on the bases of these data, The speech effect and 
socioeconomic status are independent. (P>socioeconomic status are independent. (P>00..0505). ). 
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