
PSY 201 Lecture Notes - Correlation
A validation study

Suppose a manufacturing company is interested in being able to predict how well prospective employees will perform running a machine which bends metal parts into a predetermined shape.  A test of eye-hand coordination is given to 14 persons applying for employment.  Scores on the test can range from 0, representing little eye-hand coordination, to 10, representing very good coordination.

All 14 are hired and after six months on the job, the performance of each person is measured.  The performance measure is the number of parts produced to specification for a one hour period.  Scores on the performance measure could range from 0, representing no parts produced to specification to 26 or 27, the maximum number the company's best machine operators can produce.

The data are as follows:
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	ID
	Test Score
	Mach Score

	1
	1
	  4

	2
	4
	14

	3
	2
	12

	4
	6
	22

	5
	3
	  6

	6
	4
	20

	7
	5
	15

	8
	7
	25

	9
	3
	14

	10
	0
	  3

	11
	3
	  9

	12
	5
	18

	13
	2
	  7

	14
	1
	  4


For this problem, the relationship of the Test Scores to the Machine Scores is being examined.

Relationship

The extent to which values of one variable vary systematically with the values of a paired variable.

Here we’re looking at the extent to which Machine Scores vary systematically with Test Scores.

Three broad categories of relationship 

Suppose one of the variables is labeled X and the other is labeled Y.

Suppose we’ve gathered a large number of X-Y pairs.  That is, we’ve observed a large number of people and measured both X and Y for each person. 

For example, X could be the Test Score in the above and Y the Machine Score in the above.

1.  A positive (sometimes called direct) relationship

Big Xs are usually paired with big Ys and little Xs with little Ys.

X=Vehicle size
Y=Vehicle Cost

Larger vehicles usually cost more.  Smaller vehicles usually cost less.

Of course, we all know of a few exceptions to this. That’s why the definition says usually paired.

2.  A negative relationship (sometimes called an inverse relationship)
Big Xs are usually paired with small Ys and little Xs with big Ys.

X=Vehicle size
Y=Vehicle gas mileage

Larger vehicles usually have smaller gas mileage.  Smaller vehicles usually have higher gas mileage.

Of course, we all know of a few exceptions to this. That’s why the definition says usually paired.

3.  No relationship.

Big Xs are paired with all kinds of Ys.  Little Xs are also paired with all kinds of Ys.

X = Vehicle size
Y = No. of freckles on nose of principle driver
Larger vehicles will have drivers with few freckles and drivers with many freckles.

Smaller vehicles will have drivers with few freckles and drivers with many freckles.

The above gives you a broad introduction to the concept of relationships between paired values.

Note that the relationship between paired values is a fourth characteristic of data.  Recall that the other three are central tendency, variability, and shape.  These three were characteristics of the values of a single variable.

Relationship is an emergent characteristic, that is only applicable when there are two paired variables.

We’ll now look at ways of representing or presenting relationships

Representing/presenting relationships  
As in the case of central tendency, variability, and shape, we’ll look at 1)  a table, 2) a graph, and 3) a numeric summary.

1.  Tabular representation of a relationship:  The Binomial Effect Size Display (BESD).

The BESD is a 2x2 table with the following counts in each cell

	No. of pairs in which


a) X is less than or equal to its median and

 
b) Y is larger than its median.
	No. of pairs in which


a) X is larger than its median and

 
b) Y is larger than its median.

	No. of pairs in which


a) X is less than or equal to its median and

 
b) Y is <= its median.
	No. of pairs in which


a) X is larger than its median and

 
b) Y is less than or equal to its median.


Loosely, 
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Small Xs
Big Xs

	No. of pairs in which


a) X is small and

 
b) Y is large.
	No. of pairs in which


a) X is large and

 
b) Y is large.

	No. of pairs in which


a) X is small and

 
b) Y is small.
	No. of pairs in which


a) X  is large and

 
b) Y is small.


Example for the data above.  Two new variables were created.  Test Group has value 0 if Test Score is <= the Test Score median and 1 otherwise.  Mach Group is 0 if Mach Score is <= the Mach Score median, 1 otherwise. Median of Tests scores is 3.  Median of machine scores is 13.
	ID
	Test Score (X)
	Test Relative to median
	Mach Score (Y)
	Mach Relative to median

	1
	1
	0
	  4
	0

	2
	4
	1
	14
	1

	3
	2
	0
	12
	0

	4
	6
	1
	22
	1

	5
	3
	0
	  6
	0
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FIGURE 1 Predictor validity coefficients over time (V = 148).



6
	4
	1
	20
	1

	7
	5
	1
	15
	1

	8
	7
	1
	25
	1

	9
	3
	0
	14
	1

	10
	0
	0
	  3
	0

	11
	3
	0
	  9
	0

	12
	5
	1
	18
	1

	13
	2
	0
	  7
	0

	14
	1
	0
	  4
	0


Drill and Practice on BESDs

For each, answer:  Is the relationship Positive, Negative, or Nil?

	56
	4

	12
	67


	23
	82

	74 
	29


	45
	47

	43
	47


2)  The Scatterplot

Scatterplot:  A plot of Y values vs. X values.

Each X-Y pair is represented by a point on the graph, with X-coordinates equal to the X value and Y-coordinates equal to the Y-value.
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Example
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  .                                                           .
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Scatterplots from recent studies
In each scatterplot, the line represents the average of Ys at each X.
Jennifer Sebren’s study of the relationship of PSY 101 test scores to Study Time.
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Relationship of College GPA to High School GPA
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Relationship of College GPA to ACT Composite Scores
[image: image4.emf]
Relationship of actual GPA to self-reported GPA
[image: image5.emf]
3)  Numeric Measures 
The Pearson Product Moment Correlation Coefficient aka Pearson r or simply, r.
Pearson for Karl Pearson, its inventor

Product Moment because it’s based on the sum of the product of moments.

Correlation because it’s a measure of co-relation.

Coefficient because it’s a number.

Symbolized as r for a sample, Population r for a population.

r is a measure of strength and direction of linear relationship.
Possible values of r and their interpretations




-1:  Perfect negative linear relationship

 0:   No linear relationship

+1:  Perfect positive linear relationship.

Formula’s for r
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Facts about r
1.  Measures the extent to which variables are related in a linear fashion.  So you should never compute r without having looked at a scatterplot, to make sure the relationship is linear.
2.  Scale independent under multiplication or division, addition, or subtraction.  You can add to, subtract from, multiply by, or divide by any constant and r remains the same.

3.  Strength of a relationship is represented by how far r is from 0 in either direction.  The further r is from zero, the stronger the relationship.

4.  Nearness to a “perfect” relationship is best represented by r2, the square of r.


If r2 = .5, this would be considered  “Half” way to perfection.


If r2 = .9 this would be considered  90% of the way to perfection. 
5.  r is pretty dramatically affected by outliers.  So it’s like the mean and standard deviation in that respect.  So you should never compute r without having looked at a scatterplot, to make sure there are no outliers affecting its value.  Test Q:  What Achilles heel do the mean, standard deviation, and r share?
6.  We can’t infer causation from correlation.  Just because two variables are correlated does not mean that one causes the other.  
There are 100s of examples of correlations that illustrate this point.  For example, 

The number of crimes in cities across the country is strongly positively related to the number of churches in those cities.  Can we infer that churches cause crimes?
The dollar damage loss of fires is positively correlated with the number of fire trucks sent to the fires.  Can we infer that fire trucks cause fire damage?
Correlation analysis in SPSS
The data
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Creating a scatterplot.
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Getting Pearson r
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Correlations
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Examples of Correlations
Correlations of various predictors with NFL performance.

(From Lyons, B. D., Hoffman, B. J., Michel, J. W., & Williams, K. J. (2011).  On the predictive efficiency of past performance and physical ability:  The case of the National Football League.  Human Performance, 24, 158-172.)


State expenditures on elementary, secondary schools to % of bachelor’s degree holders

Pearson r = .452



The relationship of Beer Calories to Alcohol
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Percent of children not covered by health insurance vs percent of high school graduates

Pearson r = -.663

Rank Correlation

Rank Correlation:  Representing relationships using only the ranks of the values instead of the values themselves.

When to use ranks.

The three most frequently encountered reasons for using ranks . . .

1.  When the original scores are, in fact, ranks.  For example, when correlating National Football League standings in one year with the standings in in some other year.

2.  When the original values are not linearly related.  For example, when one of the variables is skewed but the other is not.  In such cases, many data analysts prefer to convert the values to ranks and then represent the relationship between the ranks.
3.  When there may be outliers in either variable.

Steps in the process of representing relationships using ranks.  
1.  Obtain the ranks.

2.  Represent the relationship between ranks visually, using a BESD or scatterplot.

3.  Compute Pearson r on the ranks of the values, i.e. plug the ranks into the Pearson r formula.
Spearman rho

Older texts present a shortcut formula for computing Pearson r on ranks.  This formula was useful in the pre-computer days as a time-saving device.  It is not needed now, however, and it gives incorrect results when there are tied scores.  So you should not use the Spearman rho formula.

Some computer programs (including SPSS) will ask if you want Spearman rho.  This is simply a shorthand was of asking you if you want rank correlation.  So it’s OK to ask for Spearman rho in those situations.  But don’t compute r using the rho formula.

CORRELATION ON RANKS - WORKED OUT EXAMPLE
CONSIDER THE FOLLOWING X-Y PAIRS.

X

Y

10

20

20

40

10

10

30

60

30

70

30

80

50

80

70

90

1.  CONVERSION TO RANKS - EACH X IS RANKED WITHIN THE Xs.  EACH Y WITHIN THE Ys.


A.  Decide whether smallest score is to receive rank of 1 or whether largest is to be rank 1.  Let’s go with smallest score receives the smallest rank.

B.  List the pairs, then put the ranks of the scores in a separate list right next to the original scores.

X

Y
RANK OF X

RANK OF Y

10

20

_1.5_

_2__

20

40

_3__

_3__

10

10

_1.5_

_1__

30

60

_5__

_4__

30

70

_5__

_5__

30

80

_5__

_6.5_

50

80

_7__

_6.5_

70

90

_8__

_8__

TIED SCORES:  EACH SCORE IS ASSIGNED THE AVERAGE OF THE RANKS WHICH WOULD HAVE BEEN USED IF THE SCORES HAD NOT BEEN TIED.

X

Y
RANK OF X

RANK OF Y

10

20

1.5*

2

20

40

3

3

10

10

1.5*

1

30

60

5**

4

30

70

5**

5

30

80

5**

6.5***
50

80

7

6.5***
70

90

8

8

*  IF THE TWO 10'S HAD NOT BEEN TIED, ONE OF THEM WOULD HAVE RECEIVED RANK 1 AND THE OTHER RANK 2.  SINCE THEY ARE TIED, EACH RECEIVES THE AVERAGE OF THE RANKS THEY WOULD HAVE RECEIVED (1.5) HAD THEY NOT BEEN TIED.

**IF THE THREE 30'S HAD NOT BEEN TIED, ONE OF THEM WOULD HAVE RECEIVED RANK 4, THE SECOND WOULD HAVE RECEIVED RANK 5, AND THE THIRD RANK 6.  SINCE THEY ARE TIED, EACH RECEIVES THE AVERAGE OF THE RANKS THEY WOULD HAVE RECEIVED (5) HAD THEY NOT BEEN TIED.

***  IF THE TWO 80'S HAD NOT BEEN TIED, ONE OF THEM WOULD HAVE RECEIVED RANK 6 AND THE OTHER RANK 7.  SINCE THEY ARE TIED, EACH RECEIVES THE AVERAGE OF THE RANKS THEY WOULD HAVE RECEIVED (6.5) HAD THEY NOT BEEN TIED.

2.  CREATE A SCATTERPLOT OF THE RANKS.

3.  COMPUTE THE CORRELATION


PLUG THE RANKS INTO THE PEARSON R FORMULA.
Example of Correlation Analysis:  McDonald's Nutritional Data

A few years ago, McDonald's distributed a brochure in their restaurants called "McDonald's Food:  The facts."  This brochure described each item then sold and listed nutritional data for those items.

The following is a partial list of the items in the brochure.

FOODITEM                         SERVSIZE CALORIES  PROTEIN   CARBOS      FAT

Big Mac                               7.6     65.9      3.3      5.5      3.4

Cheeseburger                          4.1     74.5      3.7      7.3      3.2

Chef Salad                            9.3     18.2      1.8       .9      1.0

Chicken Fajitas                       2.9     64.0      3.8      6.9      2.8

Chunky Chicken Salad                  9.0     16.7      2.8       .8       .4

Filet-O-Fish                          5.0     74.4      2.8      7.6      3.6

Garden Salad                          6.7      7.5       .6       .9       .3

Hamburger                             3.6     70.9      3.3      8.3      2.5

Large French Fries                    4.3     93.0      1.4     10.7      5.1

McChicken                             6.6     62.9      2.9      5.9      3.0

McLean Deluxe                         7.3     44.0      3.0      4.8      1.4

McLean Deluxe w/Cheese                7.7     47.9      3.1      4.5      1.8

Medium French Fries                   3.4     93.5      1.2     10.5      5.0

Quarter Pounder                       5.9     70.0      3.9      5.8      3.4

Quarter Pounder w/Cheese              6.8     74.5      4.1      5.0      4.1

Side Salad                            3.7      8.0       .5      1.1       .3

Small French Fries                    2.4     91.7      1.3     10.8      5.0

The question which we might ask for these data is the following:

To which ingredient is the number of calories per ounce most closely related?

Is it to the Protein per ounce, to the carbohydrates per ounce, or to the fat per ounce?

The following correlation analyses provide the answer.
Calories vs. Protein
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Calories vs. Carbohydrates
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Calories vs. Fat
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So, the winner, by a hair’s breadth is Fat per ounce, with a correlation of .967, vs. .953 for carbohydrates and .307 for protein.
Comments





1.  This is a predictive validation study.  All applicants are given the test.  All are hired.  Performance of all is measured at some later time.





2. Sample size is MUCH too small for a real validation study. 200 would be much better.
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The extent to which the points follow a straight line.





The closeness of the points to a smooth curve or straight line.
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+1





0





-1





ZY





Pearson r





Sample size.





p-value associated with  r.


See Chapter on Hypothesis testing of r.
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I don’t know why this is repeated from what’s presented above, except to highlight what was done for each tie.
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