
MATH 221, Sample Problems ( 9 )

Chapter 9

An Overview of Correlation

I.  Paired Data

A. Usually the study of correlation and regression of two variables

begins with a table and/or a graph of paired data values.

B. Whether there is a connection between two sets of events.

(ex. depth of roots of the vine to mean weight of watermelon)

C. Correlation of variables: Relationship between two variables.

D. Ordered pair (x, y) is a data point that specifies a location on the

graph.

1. x is the stimulus or independent variable (or explanatory

variable).

2. y is the response or dependent variable.

E. Types of correlation

1.  There are various forms of relationship (linear for straight

line, parabolic, logarithmic, etc.) between the x and y

variables.
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2. We will only be dealing with linear relationship in this

course.

F   How to determine if there is a linear relationship?

1.  Construct a graph of the (x, y) point(s) on a coordinate

system. This is called a scatter plot/scatter diagram  or

scattergram.

2. Try to visualize a straight line that best describes these points.

a. There is perfect correlation if the points fall on a straight

line.

b. There is a high correlation if  the points fall close to the

straight line.

c. There is a moderate correlation  if the points are somewhat

scattered from the line.

d. There is no linear correlation if one cannot visualize a line

at  all.
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G. Direction of the linear relationship

1. There is a positive correlation if value of y increases as the

value of x increases (while reading the x values from left to

right, the y values are rising.) Ex.: attendance v.performance.

2. There is a negative correlation if value of y decreases as the

value of x increases(when reading the x values from left to right

the y values are falling)Ex.: supply of Beanie Babies v. price.

II.  Correlation Coefficient, r

A.  It is a unitless measure that describes the strength of the linear

association hat exists between two variables regardless which is

listed first.  Since it is unitless, so the values of r from different

studies can be compared.

B.   It is also known as the Pearson product-moment correlation

coefficient.

C.  It is always of a value between -1 and +1.

1.  A value of r =1 indicates a perfectly positive correlation.

2.  A value of r= -1 indicates a perfectly negative correlation.

3.  A value of r= 0 indicates no linear correlation.

4.  Values close to 1 or close to -1 indicate  good fits.

5.  Values close to 0 indicate  poor fits.
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D.  Desired measurement, r =
n xy x y

n x x n y y

-

- -

ååå
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E.  Computation formula for r

xy =å Sum of products of xy

x
2å =Sum of x

2
y

2 =å Sum of y
2

( )x
2 =å Square of sum of x ( )y

2 =å Square of sum of y

n = number of data pairs in scatter diagram.

F. Another measure of how well the least-squares line fits the data

points of the scattergram/scatter plot.

G.  Correlation is a measure of strength and the direction of a linear

relationship between two variables.

H.  Population correlation coefficient is represented by r (the lower

Greek letter rho).
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Linear Regression

I.  Best Fit Line/Regression Line

A. Also known as the Line of Least Squares

B.  Also known as the Line of Linear Regression

C. The simplest and most widely used equation  to express the

relationship between two variables (as a mathematical equation)

is the linear equation (or the equation of a straight line: y=bx+a).

D. This line can be used to predict the y values (dependent or

response  variable) from the x values (independent or explanatory

variable).

E.  We use the least squares criterion to obtain the best fit line (best

fitting-line, line of regression, or line of least squares.)

1.  Most pairs of variables do not have a perfect correlation, so

most of the points in a scatter diagram will not lie on any one line.

2.  The idea behind  least squares line is that the sum of the

squares  of the vertical distances from the points to the line be

made as small as possible. (minimizing Sd
2.)

a. let d (known as residual)= difference between the y value of

the data point and y value on the line for a given x value.

b. d value is positive if the data point lies above the line.

c.  d value is negative if the data point lies below the line.
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d.  to eliminate negative values (and deal only with the

magnitude of d), we square each value of d and get d
2..

e.  by minimizing the sum of the squares, we are not allowing

the  positive and negative d values to cancel out one another

in the sum.

F.  Equation of a Line (refresher)

1.  Any non-vertical line can be written in the form of y mx b= + ,

such that m is the slope and b is the y-intercept.

2.  We can write the x-y equation of a line provided we can

determine  its slope (m) and its y-intercept (b).

G. Equation of Best-Fit Line

1.  Determine slope of the line, m

m
n xy x y

n x x
=

-

-

ååå
åå

( )( )

( )2 2

such that n= number of points in a scatter plot.

2.  Determine the y-intercept, b

b y mx= - =
y

n
m

x

n

å å
-

such that y is the mean of all the y values.

such that x is the mean of all the x values.

II   Using line of regression to predict y values from given x values
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1.  Once the equation of the line of regression is established,

substitute a particular value for x into the equation.

2.   Do the indicated calculation (multiply by m and add b) to get

the value  of yp (y value on the line of regression) being

predicted by the best- fit line (or line of regression) for y at a

given value of x.

a.  The point (x, y) is a  data  point.

b.  The point (x, yp) is a point on the line of regression.

II.  Interpolation: predicting y values for values that are between x

values of   points in the scatter plot.

III. Extrapolation: predicting y values for an x value beyond  the

range of  observed x values.  Don't use extrapolation unless

you  expect the data pattern to continue for x values outside

the data range.  We will not be dealing with this in our

course.

IV.  Extreme values can affect the least squares line greatly
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Coefficient of Determination, r
2

I.  Coefficient of Determination, r
2

A.  A measure of the proportion of variation in y that is explained by

the regression line using x as the predicting variable.

(if r= 0.90, then r
2=0.81, we can say that about 81% of the

variation behavior  of the y variable can be explained by the

corresponding variation behavior of  the x variable if we use the

equation of the least-squares line.  The remaining 19% of the

variation behavior of the y variable is due to  random chance or to

the presence of other variables besides the x   that influence y.)

B.  The regression line predicts y mx b= + for y for any given value

of x.

C.  The value of y on the data point is usually different from either yp

or y.

D.  Deviations

1. y y- is the total deviation (difference between y value of data

point  and the mean of y).

2. y yp - is the explained deviation (difference between the y

value on  the line and the mean of y.  This difference can be

attributed to the properties of x, the explanatory variable.)
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3. y yp- is the unexplained deviation (changes in the value of y

which  are due to factors other than those attributed to x.)

4. r
2=

ExplainedVariation

TotalVariation

E. r
2 is the coefficient of determination

1.  It gives the ratio of explained variation to total variation,

the proportion of change in the y value can be attributed to

the property of x.

2.  It is computed by finding the r, the correlation coefficient

first, and  then squaring the value of r.
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