7
Correlation and Regression

Correlation assesses the degree of linear association between two continuous variables and regression describes the form the relationship between them takes. We have assumed, in this course, that the relationship is linear but it may take other non-linear forms which are best analysed by a computer package.  (See Chapter 9)

The first step in this type of analysis is the plotting of the bivariate data to see what form it takes as it needs to be reasonably linear for this analysis to be appropriate. Both the correlation coefficient and the regression equation are easiest produced from a statistical calculator in linear regression mode as described in its specific calculator handbook.  Alternatively the formulae in Appendix C can be used for their calculation.

In Chapter 9 we first produced a correlation coefficient, r, and then tested it for significance to check if the degree of association was higher than the value which could have occurred by chance. (Correlation tables in Appendix D) If strong enough the nature of the linear relationship was identified from the regression coefficients, from the calculator, in the form of an equation.This equation was then used for predictive purposes.

Revision questions

7.1
The following data refers to the Sales and Advertising expenditure
of a small local bakery.

	Year
	Advertising (£'000)
	Sales (£'000)

	1990
	  3
	  40

	1991
	  3
	  60

	1992
	  5
	100

	1993
	  4
	  80

	1994
	  6
	  90

	1995
	  7
	110

	1996
	  7
	120

	1997
	  8
	130

	1998
	  6
	100

	1999
	  7
	120

	2000
	10
	150


a) 
Plot a scatter diagram of the data.

b) 
Calculate the correlation coefficient.



              (0.958)

c) 
Test it for significance at the 5% level.
       (C.V. = 0.602,  significant)

d) 
If significant, find the equation of the regression line.







         (Sales = 15.2 + 14.1 Advertising)

e) 
What practical use could be made of this equation?

f) 
What percentage of the variation in sales is explained by your model? (92%)

7.2
Cleanall Limited has observed from a random sample of outlets the quantity of one of its products sold at various price levels. 

The results are shown in the following table:

	Price per Gallon (x)  (pence)
	Quantity (y)  (100's gallons)

	120
	26

	122
	24

	125
	20

	118
	32

	115
	38

	120
	28


The company is confident that business conditions will remain the same in the near future and they wish to prepare a forecast of sales based on this data.

a) 
Plot the scatter diagram for this data.

b) 
Calculate the correlation coefficient.


                       (-0.984)

c)
Calculate the regression line and add it to the graph.
                (y = 247.3 - 1.83 x)

d) 
Forecast the quantity of this product which Cleanall can expect to sell if the price were 116 pence per gallon.


            (3531 gallons)

e) 
Is this data suitable for forecasting XE "forecasting"  the sales at 150 pence?

    (No)


Explain your answer.

7.3
Calculate the correlation coefficient and test it for significance at the 5% level. 

If it is found to be significant, calculate a regression equation from the following data, relating the ages of husbands and wives at time of marriage, which is suitable for estimating the expected age of the bride of a thirty year old man.

	Husband
	27
	28
	28
	29
	29
	30
	30
	30
	31
	31
	32
	32
	33
	33

	Wife
	26
	26
	20
	24
	21
	25
	29
	26
	32
	26
	24
	28
	31
	29




                    (r = 0.574;  C.V. = 0.532;   y = -5.3 + 1.04 x;  26 years old.)

7.4
Find the correlation coefficient between x and y.  Test it for significance and, if significant, find the regression equation which best fits the following pairs of data.

	x
	77
	81
	94
	50
	72
	63
	88
	95

	y
	82
	77
	85
	66
	65
	72
	89
	95








             (r = 0.858;  y = 32.7 + 0.59x)

7.5
The table below lists the 400-metre free style swimming times (sec) for men since 1924

	Year
	Time
	
	Year
	Time

	1924
	304.2
	
	1960
	258.3

	1928
	301.6
	
	1964
	252.2

	1932
	288.4
	
	1968
	250.0

	1936
	284.5
	
	1972
	240.27

	
	
	
	1976
	231.93

	
	
	
	1980
	231.31

	1948
	281.0
	
	1984
	231.23

	1952
	270.7
	
	1988
	226.95

	1956
	267.3
	
	1992
	218.41


Find the regression equation and use it to predict the men's time for 2000




   (y = 308.8 - 5.017x,   208.5     or    y = 2717 - 1.254x,   208.5)

7.6
The following heart rates have been recorded for the maximum heart rate of patients of various ages on an intensive exercise programme. Find the correlation coefficient between the variables and test it for significance.

	Age
	  10
	  20
	  20
	  25
	  30
	  30
	  30
	  40
	  45
	  50

	Rate
	210
	200
	195
	195
	190
	180
	185
	180
	170
	165


Find the regression line and use it to predict the heart rate of a 28 year old.




     (r = - 0.971;  y = 219.8 - 1.093x;   189 beats per minute.)

7.7
Compute the Pearson's correlation coefficient, r, for the following sample of paired data representing the number of hours (x) studying for an exam and the marks received (y) on the exam by a sample of six students.

	Student
	A
	B
	C
	D
	E
	F

	Hours study (x)
	  1
	  2
	  4
	  4
	  7
	12

	Mark (y)
	41
	50
	65
	80
	80
	86


Calculate the regression equation and use it to predict the marks for a student who studied for 14 hours.

{r = 0.8295;   y = 48.06 + 3.79x;   101%!   but 14 hours is outside the range of the model}
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