Scatterplots, Linear Regression, and Correlation
When we have a set of data, often we would like to develop a model that fits the data.

First we graph the data points (x, y) to get a scatterplot. Take the data, determine an appropriate scale
on the horizontal axis and the vertical axis, and plot the points, carefully labeling the scale and axes.
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If the scatterplot shows a relatively linear trend, we try to fit a linear model, to find a line of best fit.

We could pick two arbitrary data points and find the line through them, but that would not necessarily
provide a good linear model representative of all the data points.

A mathematical procedure that finds a line of "best fit" is called linear regression. This procedure is also
called the method of least squares, as it minimizes the sum of the squares of the deviations of the points
from the line. In MATH 107, we use software to find the regression line. (We can use Microsoft Excel, or
Open Office, or a hand-held calculator or an online calculator --- more on this in the Technology Tips
topic.)

Linear regression software also typically reports parameters denoted by r or r*.

The real number ris called the correlation coefficient and provides a measure of the strength of the
linear relationship.

ris a real number between —1 and 1.

r=1 indicates perfect positive correlation --- the regression line has positive slope and all of the data
points are on the line.

r = —1 indicates perfect negative correlation --- the regression line has negative slope and all of the
data points are on the line
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Correlation r= 1 Correlation r = -1

The closer |r| is to 1, the stronger the linear correlation. If r = 0, there is no correlation at all. The
following examples provide a sense of what an r value indicates.



L] L] L .
" . . . W Ow . -
. :- FarY 'I [ 3 . . ‘I .. '- »
& ™ -, * "“- d
- - a a«
ln'! l- * - I' *
- H -
L -
s = * &
- . -
Correlation r= 0 Carrelation r = - 0.3
L]
L]
L ]
- " .ﬂ"
. . by
.-- L] ' ': .~ -
.‘- * . L - 4
[ .I-i ol - '.i-' ’
- é L a0 .ﬂ' -
‘ L & ‘. - & .' L] -
L] a B
1 3 -
L
#® ; -
L
Correlation r = 0.5 Correlation r = - 0.7
® L}
F
- :"-= *.
a -
g 2% e
’ -
. fes ,
a e ¢ IL
LI _!
L] * h
II: L2
a - o - @
Correlation r = 0.9 Correlation r = - 0.99

Source: The Basic Practice of Statistics, David S. Moore, page 108.

Notice that a positive r value is associated with an increasing trend and a negative r value is associated
with a decreasing trend. The strongest linear models have r values close to 1 or close to —1.

The nonnegative real number /* is called the coefficient of determination and is the square of the
correlation coefficient r.

Since 0 < |r| <1, multiplying through by |r|, we have 0 < |r|*< |r| and we know that —1<r<1.
So,0<r*<1. The closer r* is to 1, the stronger the indication of a linear relationship.

Some software packages (such as Excel) report >, and so to get r, take the square root of r* and
determine the sign of r by observing the trend (+ for increasing, — for decreasing).



