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         What is it?

Simple linear regression analysis is a statistical technique for analyzing the
relationship between two factors. The relationship is expressed as an equation
that can be represented by a single “line of best fit” on a scatter diagram.
Unlike scatter diagrams, simple linear regression assumes a cause-and-effect
relationship between the factors. That is, as one factor changes, the other
factor also changes. The factor that is causing the effect is known as the
independent variable. The factor that is being affected is known as the depen-
dent variable.

In this section, simple linear regression examines the relationship between two
factors, and assumes that the relationship is linear in nature. That is, a straight
line can be placed through the points on a scatter diagram.

The aim in completing simple linear regression is to produce an equation,
representing a relationship between two factors, which can be used to test the
outcome of changing one of the factors. Values of either factor can be substi-
tuted into the equation to predict the value of the other. For example, a team
looked at the relationship between sales calls and total sales. Using the regres-
sion equation, the required sales figure can be entered and the number of calls
needed to achieve this figure can be calculated. A line of best fit on the scatter
diagram can also represent the equation. This provides the opportunity to
visually check whether the equation is a good approximation for the points on
the diagram.

Simple linear regression produces a number called a correlation coefficient that
helps to describe the strength of the relationship between the two factors being
studied. Additionally, hypothesis testing can be completed to establish whether
a relationship exists.

Variation

Simple linear regression
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         What does it look like?

The management team of a quarry wanted to better understand the cost of
production. Part of this analysis included the completion of a scatter diagram
shown below. The diagram shows the cost of production in comparison to the
volume produced.

Y = 2.46 + 0.86 X

Sy.x = 1.19

t = 5.38

r = 0.87 r2 = 0.76
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        When is it used?

Use simple linear regression when you can answer “yes” to all of the following
questions:

1. Can numerical data be collected on both factors in pairs?
Numerical values are required to construct a scatter diagram. The data must
be collected in pairs. Historical data can be used, as long as the data can be
paired exactly.

2. Does a cause-and-effect relationship exist between the two factors?
Simple linear regression assumes that there are two factors, and that one
factor has an effect on the other. A scatter diagram should be completed
before performing simple linear regression, as shown earlier in this section.

3. Is the relationship between the factors linear?
On the scatter diagram, the points should form a narrow band. This should
be straight. The relationship can form either a positive or negative correla-
tion. See step 4 “Interpret the scatter diagram” earlier in this section for more
information.

4. Is it necessary to express the relationship between the factors
statistically?
Simple linear regression will provide specific statistical information on the
strength of the relationship between the two factors.
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         How is it made?

These steps assume that a check sheet containing paired data of the two
factors being studied has already been completed. The check sheet with the
data for the example follows:
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1. Draw a scatter diagram.

Draw a scatter diagram as shown in the first part of this section. Remem-
ber it is conventional practice to place the factor that is independent and
believed to be influencing the other factor on the horizontal or X-axis. The
dependent factor is then placed on the vertical or Y-axis.

The example completed through this step follows:
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The value of b must be calculated before a. To find b, a number of calcula-
tions are required. To simplify this process, a table is constructed, showing
the values of X and Y, and the calculated values of XY, Y2, and X2. The
table for the example follows:

2. Calculate the regression line.

The regression line in simple linear regression is a straight line drawn
through the points plotted on the scatter diagram. The calculation results in
an equation where the value of Y (on the vertical axis) can be predicted
from the value of X (on the horizontal axis). The equation takes the form of:

Y  = a + bX

The equation is then used to draw a straight line through the points. The aim is
to achieve a line of best fit, where the difference between the actual points
plotted and the line is minimized. This concept is shown graphically below:

To determine this line requires an estimate of the regression coefficients
a and b. The formulas are shown below:

b  =  ΣXY – nXY

        ΣX2 – n(X)2

a  =  Y – bX

Y

X

(Y2 – Y2)

(Y1– Y1)

(Y3 – Y3)

∧

∧

∧

Where: Yi = The observed value

Yi  = The predicted value of Yi using the regression equation.
∧
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X Y XY X
2

Y
2

2 2 4 4 4

5 8 40 25 64

7 10 70 49 100

1 4 4 1 16

7 7 49 49 49

8 9 72 64 81

2 5 10 4 25

3 5 15 9 25

5 7 35 25 49

6 7 42 36 49

Total 46 64 341 266 462

Therefore, the average value of X and Y are:

X = ΣX
n

=  4.6

Y =

=
46
10

=  6.4

10
64

ΣY
n

=
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         b  =  Σ XY – nXY
Σ X2 – n (X )2

=
341 – (10 × 4.6 × 6.4)

266 – (10 × (4.6)2)

=
341 – 294.4

266 – 211.6

=
46.6
54.4

= 0.8566

3. Use of regression line.

Add the regression line to the scatter diagram, from step 1. Substitute the
value for X into the regression equation in order to predict the value for Y.
In the example this results in the following:

Value of  Value of
X  Y
0  2.46

5  6.76

9  10.20

The value of a can then be calculated as follows:

a = Y – bX
= 6.4 – (0.8566 × 4.6)
= 6.4 – 3.94
= 2.46

Therefore the regression line has an equation of:

Y = a + bX
= 2.46 + 0.86X

The value of b can be found by using the values calculated in the table. In
the equations below, “n” represents the number of pairs of data used in the
analysis. In the example, n is 10.
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Regression is used for predicting. In the example, the quarry might want to
predict the total cost to produce 6,000 tons. To estimate, simply substitute 6
for X in the regression line equation.

Y = 2.46  + 0.86 X

= 2.46 + (0.86×6)

= 2.46 + 5.16

= 7.62

The calculation shows that the cost to produce 6,000 tons will be
approximately $7,620.00.

Using the values of x and y from the table as a guide, draw the line onto the
scatter diagram. The example completed through this step follows:

Tons
x (1000�s)

Total
cost

$1000�s 9

8

7

6

5

4

3

2

1

0

0 1 2 3 4 5 6 7 8 9 10

10


