Relationships
between variables

Categorical data



Multivariate statistics

* We have observations (X.Yi). Looking for
the relationship (if any).

* Generally, Xiis “independent” we're
looking to see how Y depends on X.

* Also call X; the “predictor” and Y; the
“response”

* May be categorical or quantitative



Categorical predictor & response:
xZ test for independence

Example: Handedness by sex, US, aged 29-34.
Men

Right-handed

Left-handed

Awbidextrous

Total
source: NHANES 1976-80. Cited Freedman, Pisani, Purves p.937




NHANES® survey: Treat it as a simple random sample of
Awericans aged 29-34. Sample is small relative to whole
population (so samples may be treated as independent)

Men
Right-handed

Left-handed

Awbidextrous

Total

" National Health and Nutrition Examination Survey



NHANES survey: Treat it as a simple random sample of
Awericans aged 29-34

If we think of sex as the independent variable, it makes sense
to look at percentages within a column.

Percent Men

Right-handed

Left-handed

Awbidextrous

Are wowmen wmore likely to be right-handed?



Null hypothesis: Sex and handedness are independent.

Need: test statistic whose distribution we can compute
(approximately) under the null, and whose extreme values
correspond fo failure of the null.

Percent  Men  Wowmen Marginal
Right-handed
Left-handed

Awbidextrous

Marginal




Null hypothesis: Sex and handedness are independent.

Need: test statistic whose distribution we can compute
(approximately) under the null, and whose extreme values
correspond fo failure of the null.

Idea: Under the null, the probability of being female and lef{-
handed should be the product of the probabilities of being
female and the probability of being left-handed.

Percent Men Wowen Marginal
Right-handed

Marginal




Null hypothesis: Sex and handedness are independent.

Need: test statistic whose distribution we can compute
(approximately) under the null, and whose extreme values
correspond fo failure of the null.

Idea: Under the null, the probability of being female and lef{-
handed should be the product of the probabilities of being
female and the probability of being left-handed.
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Right-handed
Left-handed
Ambidextrous

Marginal




Null hypothesis: Sex and handedness are independent.

Need: test statistic whose distribution we can compute
(approximately) under the null, and whose extreme values
correspond to failure of the null.

Idea: Under the null, the probability of being female and lef{-
handed should be the product of the probabilities of being

Observed Expected (under independence)



Observed Expected (under independence)



Observed Expected (under independence)
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2 degrees of freedom

Testing at .01 significance level: Cutoff for x2 with 2 degrees of
freedowm is 9.2. So, we reject the null hypothesis. The difference
in handedness rates between the sexes is “highly significant”.

p-value=3x1 0




xZ test for independence

* (Cowmpute marginal proportions

* Compute expected proportions by
multiplying row proportion by column
proportion (a rows, b columns)

* Compute expected numbers by multiplying
by total number

* Gompute chi-squared statistic

* (Cowmpare to chi-squared with (a-1)x(b-1)
degrees of freedom



Example: Diseases linked
to blood type?

Example 10.2.2 from Evans and Rosenthal:
X=condition, Y=blood type
condi-
tion 0

b

peptic
ulcer (P) 983

gastric

cancer 416 sS4 883
(G)

2625 | 570 | 6087

(C)




Counts

Observed




Counts

Proportions

Observed
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Proportions

Observed

Expected
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Random/Peterwministic
predictor

* Qur analysis didn't distinguish between
predictor and response

* Problem: The predictor wasn't random. We
just picked a certain number

* Does it matter? (Assume that the
individuals picked are still a simple random
sample of those with these conditions, or
for controls, of healthy individvals.)



Original computation: nj=# subjects with
condition i, blood type j.
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degrees of freedom= ab-1-(a-1)-(b-1)= (a-1)(b-1)



Peterministic predictor

Original computation computation
éi- — D h;. are fixed nhumbers (of
L : o g subjects with given conditions)
01. s Zg 19@] 9] = E Zz nzg
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degrees of freedom=

degrees of freedom=
ab-1-(a-1)-(b-1)= (a-1)(b-1) alb-1)-(b-1)= (a-1)(b-1)

Take-home message: Peterministic categorical predictors are
analysed the same way as randowm predictors.



