Statigtics 10 Lecture 20 More about Correlation (Chapter 9.1-9.5)
1. Reviewing the Correlation Coefficient

Thefollowing data related the number of violent crimes (defined as murder, rape, robbery, and assault) at a sampling
of college campuses in 1991 and 1994. The data listed in terms of the number of crimes per 1,000 students.

SCHOOL 1991 1994
Berkeley 288 0.83
UCLA 121 143
Davis 032 058
Colorado State 048 094

University of Horida 083 094
University of Minnesota 0.26  0.39
University of lowa 019 039

Penn State 024 0.37
Northeastern 041 154
Boston College 054 315
Average 0.736 1.056
D 0.7736 .8013

A. Compute the sample correlation coefficient r for the data.

1991 Average is .7360 and the SD is.7736 and 1994 Averageis 1.056 and the SD is.8013
The average of the products of each pair in 1991 and 1994 is .81344. The correlation coefficient is:

. 81344 - (.7360 x 1.056)

. 7736 x .8013

B. SupposetheBerkeley pair iswrong and it should have been 2.88 and 3.83 instead of 2.88 and 0.83. Canasingle
error change the correlation coefficient?

Absolutely. The new coefficient is.7655...a big change.
Note that the correlation coefficient is sensitive to a change in a single number.

C. Supposel didn't want to work with decimal pointsso | multiplied all of the numbersin thefirst column (1991) by
100 and all of the numbers in the second column by 1000. Would the correlation coefficient change?

No. It would still be .7655 (after the Berkeley change). The average for 1991 and 1994 would changein predictable

ways (100 timeslarger for thefirst and 1000 timeslarger for the second) but aslong asthe relationship between the

two years remains unchanged, the correlation is unchanged.

D. Why might knowing (3) be useful ? Suppose the gover nment was going to change the way it measured crimes,
suppose from per thousand as above to per 100,000? So the Berkeley number would go from 2.88 to 288, the
UCLA number would go from 1.21 to 12, etcl. Would that change the correlations? No.

It might save you time to know the behavior of a correlation coefficient rather than recal culating all of the numbers.

2. Properties Summarized again

The correlation coefficient is a pure number without units
l<=r<=+1
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. Ifriscloseto 1or -1, the data are closeto aline
If riscloseto O, the data are not close to a line
Pictures! (see page 142 of your text)
The correlation r measures how close the data areto a line
r does NOT tell what percentage of the data fall on the line
The correlation between x and y is the same as the correlation between y and x.
Invariant under addition. If some constant "a" isadded to every one of the X or the Y values, the correlationis
unchanged.
Invariant under multiplication: if all of the x or they values are multiplied by some positive constant "b", the
correlation is unchanged.

3. Wherethe correlation can fail you or deceive you
Different SDs

Appearances can deceive, the overal appearance of a scatter diagram depends on the Standard Deviations of
theindividud X and Y varigbles. Smdler standard deviations make the scatter diagram look "tighter” or

more closay placed together. This happens becauser is defined by how far individua points deviate from
their means divided by their SDs. Clugtering isrelative. So beware, your eye can befooled. Be sureto:

(a) examinetherangesof the X and Y variables when comparing two sets of data

(b) look at the standard deviation for the X variable and the Y variable. Are most points within a
standard deviation or not?

(o) cdculate the corrdation coefficient (if it hasn't been done yet) or review them (if they have been
caculated for you)

Outliers

The corrdation is useful when your data points are footbdl shaped. But sometimesr will midead. Ansingle
outlier can counterbalance a stirong linear relationship (example)

Non-Linear reationships

Two variables can be rdated, but their relationship is not well described by a straight line. Corrdations are
good for draight-line reationships, they are terrible for curved relationships. The correlation coefficient for
acurved rdationship will be near zero even though there is clearly ardationship.

Solutions? Alwaystake alook at the scatter diagram if possible.

Ecological Correations

Correations for aggregated information (e.g. information by state) are dmost dways stronger than
corrdations for individuas. Often people calculate correlations based on rates or averages that are based on
many individuas combined. Thistendsto make areationship look stronger than it is. Beware when people
do this.

Association isNOT causation

Remember: a corrdation tells you how strongly two variables are rlated in alinear fashion. It doesn't mean

one variable causes another to happen. The problem hereis one of CONFOUNDING, that is, athird variable
may be present that has not be taken into account.



