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Topic 8:

Graphical Displays of Association

Overview

To this point you have been investigating and analyzing distributions of a single variable.  In the previous two topics you compared distributions among groups.  This topic introduces you to another issue that plays an important role in statistics:  exploring relationships between variables.  You will investigate the concept of association and explore the use of graphical displays (namely, scatterplots) as you begin to study relationships between quantitative variables.

Objectives

· To understand the concept of association between two variables and the notions of the direction and strength of the association.

· To learn to construct and to interpret scatterplots as graphical displays of the relationship between two variables.

· To discover the utility of including a 45o (y=x) line on a scatterplot when working with paired data.

· To become familiar with labeled scatterplots as devices for including information from a categorical variable into a scatterplot.

Activity 8-1:  Cars’ Fuel Efficiency

The following table reports the EPA’s city miles per gallon rating and the weight (in pounds) for the sports cars described in Consumer Reports 1999 New Car Buying Guide.  (The EPA rating for the Audi TT was not reported.)
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a. What are the observational units here?

b. How many variables are reported in the table for each observational unit?  What type (categorical or quantitative) is each variable?

The simplest graph for displaying two quantitative variables simultaneously is a scatterplot, which uses a vertical axis for one of the variables and a horizontal axis for the other.  A dot is placed for each observational pair at the intersection of its two values.  If you are interested in using the value of one value to predict the value of another variable, the convention is to place the variable to be predicted (the response variable) on the vertical axis and the variable to do the predicting (the explanatory variable) on the horizontal axis.
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c.  Use the axes below to construct a scatterplot of city miles per gallon vs. weight.  [Note Convention is that a scatterplot of var1 vs. var2 puts the first variable on the vertical axis and the second on the horizontal.]

d. Does the scatterplot reveal any relationship between a car’s weight and its fuel efficiency?  In other words, does knowing a car’s weight reveal any information about its fuel efficiency?  Write a few sentences about the relationship between the two variables.

Two variables are said to be positively associated if larger values of one variable tend to occur with larger values of the other variable; they are said to be negatively associated if larger values of one variable tend to occur with smaller values of the other.  The strength of the association depends on how closely the observations follow that relationship.  In other words, the strength of the association reflects how accurately one could predict the value of one variable based on the value of the other variable.

e. Can you find an example where one car weighs more than another and still manages to have better fuel efficiency than that other car?  If so, identify such a pair and circle them on the scatterplot.

Clearly, the concept of association is an example of a statistical tendency.  It is not always the case that a heavier car is less fuel efficient, but heavier cars certainly do tend to be.

Activity 8-2  Guess the Association

The data on 1999 carts reported by Consumer Reports included not just sports cars but also classifications of small, family, large, luxury, and upscale.  The following nine scatterplots display pairs of variables for these cars.  The variables are:


city MPG rating



highway MPG rating


weight





% front weight


time to accelerate from 0 to 60mph

time to cover ¼ mile


page number on which the car appeared
fuel capacity

a. Evaluate the direction and strength of the association between the variables in each graph.  Do this by arranging the associations revealed in the scatterplots from those that reveal the most strongly positive association to those that reveal virtually no association to those that reveal the most negative association.  Arrange them by letter in the table below.  (Since you are to use each letter only once, you should probably look through all nine plots first.)
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model
Mazda MX-5 Miata

BMW 318Ti

Mercedes/Benz SIK

BMW Z3

Mercury Cougar

Chevrolet Camaro

Mitsubishi Eclipse

Chevrolet Corvette

Pontiac Firebird

Ford Mustang

Porsche Boxster

Honda Prelude

Saturn SC

Hyundai Tiburon

Toyota Celica
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Activity 8-3:  Marriage Ages

Refer to the data from Activity 3-13 concerning the ages of 24 couples applying for marriage licenses.  The following scatterplot display the relationship between husband’s age and wife’s age.  The line drawn on the scatterplot is the “y = x” line, where the husband’s age would equal the wife’s age.
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(a) Does there seem to be an association between husband’s age and wife’s age? If so, is it positive or negative?  Would you characterize it as strong, moderate, or weak?  Explain.

(b) If two couples where the same age, where would they fall relative to the line y = x?

(c) Consider couples where the husband is older than the wife.  Do these couples fall above or below the line drawn in the scatterplot?

(d) Consider couples where the husband is younger than the wife.  Do these couples fall above or below the line drawn in the scatterplot?

(e) Summarize what one can learn about the ages of marrying couples by noting that the majority of couples produce points that fall above the “y = x” line.

This activity illustrates that when working with paired data, including a “y = x” line on a scatterplot can provide valuable information about whether one member tends to have a larger value of the variable than the other member of the pair.

Activity 8-8  College Football Players

Refer to Activity 12-16 for data on Cal Poly’s 1999 football team.  The following scatterplots display the relationship between a player’s weight and his jersey number.  In the first plot the labels show different class years, while in the second plot they indicate whether the play plays primarily offense, defense or special teams.
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(a) For each statement, decide whether it is true or false based on the scatterplots above.

· There is a positive association between weight and number.

· There is a strong positive association between weight and number.

· The association is stronger for numbers below 70 than for all numbers.

· Most defensive players weigh more than most offensive players.

· Numbers above 80 are split roughly evenly between offensive and defensive numbers.

· Most numbers above 80 belong to freshmen.

· Most freshmen have numbers above 80.

· Most of the players are freshmen.

Activity 8-10 City Temperatures (cont)
Recall from Activity 5-1 your analysis of the average monthly temperatures for the cities of Raleigh and San Francisco.  Following  are two scatterplots of the data with a “y = x” line drawn on plot B:
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(a) In how many of the 12 months is Raleigh’s monthly temperature higher than San Francisco’s?  Explain how you could use either graph to discern this.

(b) In which of the twelve months is Raleigh’s monthly temperature higher than San Francisco’s?  With which graph can you discern this?  Explain

(c) How would you characterize the strength of the association between the two cities’ monthly temperatures?  With which graph is it easier to judge this?  Explain.

WRAP-UP

This topic has introduced you to an area that occupies a prominent role in statistical practice:  exploring relationships between variables.  You have discovered the concept of association and learned how to construct and to interpret scatterplots and labeled scatterplots as visual displays of association.

Just as we moved from graphical displays to numerical summaries when describing distributions of data, we will consider in the next topic a numerical measure of the degree of association between two quantitative variables:  the correlation coefficient.
