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Topic 7:

Comparing Distributions II:

Categorical Variables
OVERVIEW

In the previous topic you encountered the notion of a statistical tendency and studied techniques for comparing distributions of quantitative variables.  In this topic you will study some basic techniques for comparing distributions of categorical variables.  (Remember that a categorical variable is one that records simply that category into which an observational unit falls on the characteristic in question.)  These techniques I involve the analysis of two-way tables of counts.  You will use no more complicated mathematical operations than addition and calculation of proportions, but you will acquire some very powerful analytical tools.

OBJECTIVES

· To learn to produce a two-way table as a summary of the information contained in a pair of categorical variables.

· To develop skills for interpreting information presented in two-way tables of counts.

· To become familiar with the concepts of marginal and conditional distributions of categorical variables.

· To discover segmented bar graphs as visual representations of the information contained in two-way tables.

· To acquire the ability to understand, recognize, and explain the phenomenon of Simpson’s paradox as it relates to interpreting and drawing conclusions from two-way tables.

· To explore and understand the concepts of independence and relative risk.

· To gain experience in applying techniques of analyzing two-way tables to genuine data.

Activity 7-2: Age and Political Interest
In a national survey of adult Americans in 1998, people were asked to indicate their age and to classify their interest in politics as very much, somewhat, or not much.  While age is typically a quantitative variable, it was categorized into three groups for this analysis: 18-35, 36-55, 56 – 94 (the oldest subject in the survey).  The results are summarized in the following table of counts; notice that row and column totals are also provided:

	Often we are interested in considering one variable (the response variable) as being affected or predicted by the other variable (the explanatory variable).


	This table is called a two-way table, since it classifies each person according to two variables.  In particular, it is a 3 x 3 table; the first number represents the number of categories of the row variable (opinion about statement), and the second number represents the number of categories in the column variable (age).  The explanatory variable should be in columns and the response variable in rows.


	
	18-35
	36-55
	56-94
	total

	not much
	146
	146
	89
	381

	somewhat
	192
	260
	154
	606

	very much
	47
	125
	106
	278

	total
	385
	531
	349
	1265


a) What proportion of the survey respondents were between ages 18 and 35?

b) What proportion of the survey respondents were between 36 and 55 years of age?

c) What proportion of the survey respondents were over age 55?

	You have calculated the marginal distribution of the age variable.  When analyzing two-way tables, one typically starts by considering the marginal distribution of each of the variables by itself before moving on to explore possible relationships between the two variables.
To study possible relationships between two categorical variables, one examines conditional distributions, i.e., distributions of one variable for given categories of the other variable.


d) Restrict your attention (for the moment) to just the respondents under 35 years of age.  What proportion of these young respondents classify themselves as having not much interest in politics?

e) What proportions of the young respondents classify themselves as somewhat interested in politics?

f) What proportion of the young respondents classify themselves as having very much interest in politics?

g) Record the conditional distribution that you have just calculated in the “18-35” column of the table below:

	
	
	18-35
	36-55
	56-94

	
	not much
	
	0.275
	0.255

	
	somewhat
	
	0.490
	0.441

	
	very much
	
	0.235
	0.304

	
	total
	1.000
	1.000
	1.000


	Conditional distributions can be represented visually with segmented bar graphs.  The rectangles in a segmented bar graph all have a height of 100%, but they contain segments whose lengths correspond to the conditional proportions.


h) Complete the segmented bar graph below by constructing the conditional distribution of political interest among those ages 18-35.

[image: image1.jpg]Percentage

100%
90%
80%
70%
80%
50%
40%
30%
20%
10%

0%

)
{very much

msomewhat
Zinoi much

36-55

Age Category

56-94








Fathom text pg. 151
SPECIAL NOTE: In dealing with conditional proportions, it is very important to keep straight which category is being conditioned on.  For example, the proportion of American males who are US Senators is very small, yet the proportion of US Senators who are American males is very large.

Refer to the original table of counts to answer the following:

i) What proportion of respondents aged 36-55 classified themselves as not much interested in politics?

j) What proportion of those with not much interest in politics are of age 36-55?

k) What proportion of the people surveyed identified themselves as being both between the ages of 36-55 and having not much political interest?

Activity 7-3: Pregnancy, AZT, and HIV

In an experiment reported in the March 7, 1994 issue of Newsweek, 164 pregnant, HIV-positive women were randomly assigned to receive the drug AZT during pregnancy, and 160 such women were randomly assigned to a control group that received a placebo (“sugar” pill).  The following segmented bar graph displays the conditional distributions of the child’s HIV status (positive or negative) for mothers who received AZT and for those who received placebo.
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The actual results of the experiment were that 13 of the mothers in the AZT group had babies who tested HIV-positive, compared to 40 HIV-positive babies in the placebo group.

a) Use this information to calculate the proportions of AZT-receiving women who had HIV-positive babies and the proportion of placebo-receiving women who had HIV-positive babies.
b) The proportion of HIV-positive babies among placebo mothers is how many times greater than the proportion of HIV-positive babies among AZT mothers?  In other words, what is the ratio of the proportions of HIV-positive babies between the AZT group and the placebo group?
	You have calculated the relative risk of having an HIV-positive baby between the AZT and placebo groups.  If the response variable categories are incidence and nonincidence of a disease, then the relative risk is the ratio of the proportions having disease between the two groups of the explanatory variable.


c) Comment on whether the difference between the two groups appears to be important.  What conclusion would you draw from the experiment?
Activity 7-13: Driver Safety

In 1997 there were 46,568,949 licensed drivers over age 55, with 11,012 involved in fatal crashes.  There were 12,587,060 licensed drivers between the ages of 16 and 20, with 7670 drivers of them involved in fatal crashes.  
a)  Calculate the relative risk of being involved in a fatal crash between younger and older drivers.
Activity 7-4: Hypothetical Hospital Recovery Rates

The following two-way table classifies hypothetical hospital patients according to the hospital that treated them and whether they survived or died:

	
	survived
	died
	total

	hospital A
	800
	200
	1000

	hospital B
	900
	100
	1000


a) Calculate the proportion of hospital A’s patients who survived and the proportion of hospital B’s patients who survived.  Which hospital saved the higher percentage of its patients?

Suppose that when we further categorize each patient according to whether they were in fair condition or poor condition prior to treatment we obtain the following two-way tables:

fair condition:

	
	survived
	died
	total

	hospital A
	590
	10
	600

	hospital B
	870
	30
	900


poor condition:

	
	survived
	died
	total

	hospital A
	210
	190
	400

	hospital B
	30
	70
	100


b) Convince yourself that when the “fair” and “poor” condition patients are combined, the totals are indeed those given in the table above.
c) Among those who were in fair condition, compare the recovery rates for the two hospitals.  Which hospital saved the greater percentage of its patients who had been in good condition?
d) Among those who were in poor condition, compare the recovery rates for the two hospitals.  Which hospital saved the greater percentage of its patients who had been in poor conditions?

	The phenomenon that you have just discovered is called Simpson’s paradox, which refers to the fact that aggregate proportions can reverse the direction of the relationship seen in the individual pieces.  In this case, hospital B has the higher recovery rate overall, yet hospital A has the higher recovery rate for each type of patient.


e)  Write a few sentences explaining (arguing from the data given) how it happens that hospital B has the higher recovery rate overall, yet hospital A has the higher recovery rate for each type of patient. [Hints: Do fair or poor patients tend to survive more often?  Does one type of hospital tend to treat most of one type of patient?  Is there any connection here?]

Activity 7-5: Women Senators

	Two categorical variables are said to be independent if the conditional distributions of one variable are identical for every category of the other variable.


Suppose that at some point in the future the numbers of senators break down as follows:
	
	Democrats
	Republicans
	row total

	Men
	
	
	80

	Women
	
	
	20

	column total
	60
	40
	100


a)  Fill in the empty cells in such a way that gender and party are independent.  [Hints: What proportion of the senators are women?  If that same proportion of the Republicans are women, how many women Republican senators would there be?]

Activity 7-25: Politics and Ice Cream

Suppose that 500 college students are asked to identify their preferences in political affiliation (Democrat, Republican, or Independent) and in ice cream (chocolate, vanilla, or strawberry).  Fill in the following table in such a way that the variables political affiliation and ice cream preference turn out to be completely independent.  

	
	chocolate
	vanilla
	strawberry
	row total

	Democrat
	108
	
	
	240

	Republican
	
	72
	27
	

	Independent
	
	32
	
	80

	column total
	225
	
	
	500


Activity 7-8: Gender-Stereotypical Toy Advertising

To study whether toy advertisements tend to picture children with toys considered typical of their gender, researchers examined pictures of toys in a number of children’s catalogs.  For each picture, they recorded whether the child pictured was a boy or girl.  They also recorded whether the toy pictured was a traditional “male” toy or a traditional “female” toy or a “neutral” toy.  Their results are summarized in the following two-way table:

	
	boy shown
	girl shown
	Total

	traditional “boy” toy
	59
	15
	

	traditional “girl” toy
	2
	24
	

	neutral gender toy
	36
	47
	

	Total
	
	
	


a)  Calculate the marginal totals for the table.
b)  What proportion of the ads showing boys depicted traditionally male toys? Traditionally female toys? Neutral toys?

c)  Calculate the conditional distribution of toy types for ads showing girls.

d)  Construct a segmented bar graph to display these conditional distributions.

e)  Now let us refer to ads that show boys with traditionally “female” toys and ads that show girls with traditionally “male” toys as “crossover” ads.  What proportion of the ads under consideration are “crossover” ads?

f)  What proportion of the crossover ads depicts girls with traditionally male toys?

g)  What proportion of the crossover ads depicts boys with traditionally female toys?

h)  When toy advertisers do defy gender stereotypes, in which direction does their defiance tend?

WRAP-UP

With this topic we have concluded our investigation of distributions of data.  This topic had differed from earlier ones in that it has dealt exclusively with categorical variables.  The most important technique that this topic has covered has involved interpreting information presented in two-way tables.  You have encountered the ideas of marginal distributions and conditional distributions, and you have learned how to draw bar graphs, segmented bar graphs, and ribbon charts to display these distributions.  You have explored the notion of relative risk, and you have discovered and explained the phenomenon known as Simpson’s paradox, which raises interesting issues with regard to analyzing two-way tables.

Comparing distributions of categorical variables can also be thought of as exploring relationships between those variables.  The next unit will be devoted to exploring relationships between quantitative variables.  You will find that our approach will again involve graphical displays (scatterplots) and proceeding to numerical summaries (correlation).  You will then study a technique for predicting one variable from the value of another (regression).
