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WHAT IS SIMPLE LINEAR REGRESSION

e A simple linear regression explains the relationship between a single independent (x)
and a single dependent (y) variable and consists of a straight line. It allows the value
of the dependent variable to be determined from the value of the independent variable

o The simple linear regression model should only be used to calculate the value of
a dependent variable for an independent variable that is within the relevant
range (between the smallest and largest values) of the independent variables
used to create the model.

o A scatter plot can be used to determine
the direction of the regression, with a
positive slope indicating an upward
direction and a negative slope * e e s
indicating a downward direction. .t a2 . TR

m A scatter plot of data points
arranged in a horizontal line
indicates that there is no relationship between the independent and
dependent variables, as there is no change in the dependent variable for
every unit change in the independent variable

SIMPLE LINEAR REGRESSION MODEL*"
o Y, =pBX + Byt & (same as the linear function y = mx + b)

e Where:
e [3, = Y-intercept of the regression
1= Slope coefficient of the independent variable
X; = Independent variable
Y, = Dependent variable

[ J
[ J
[ J
e ¢ = Random error in the dependent variable

Page 1 0of 9
1 All information in this tip sheet is based on Chapter 15 of: Chua, C., & Smith, D. (2020). Simple Linear
Regression. In Business Statistics, Fifteenth Custom Edition for Ryerson University, Ted Rogers School of

Management (pp. 625-662). essay, Pearson Learning Solutions. Retrieved 2025, from
https://plus. rson.com r vanhilten0271 =

s=Y.

Program Advising and Student Success TED Program Advisin
Toronto Ted Rogers School of Management, TRS 1-004 ROGERS anngtudentSucgess

Metropolitan https://www.torontomu.ca/trsm-pass/

University OF MANAGEMENT


https://plus.pearson.com/courses/vanhilten02713/products/156133/pages/1?locale=&platformId=1030&lms=Y
https://plus.pearson.com/courses/vanhilten02713/products/156133/pages/1?locale=&platformId=1030&lms=Y

QMS 210: Simple Linear Regression

I TRAIN TO LEARN EFFECTIVELY: TiP SHEETS CONTENT BY: DANIEL SHATIL

*The simple linear regression equation replaces [3 with b, replaces Y; with Y,, and does not
have an error term. It is also known as the prediction line, with Y being the predicted value of
the dependent variable that is calculated from the simple linear regression equation

PERFORMING A SIMPLE LINEAR REGRESSION ANALYSIS'

e The simple linear regression equation is required to predict the value of the
dependent variable from the value of the independent variable, via inputting the
independent variable value into the equation. To find the equation:

o Enter the independent variable values of the question into List 1 and the
dependent variable values of the question into List 2 of the calculator (CASIO
fx-9750GlIl)

m The independent variable can be identified in the question by being the
variable that can exist on its own (independently).

m The dependent variable in the question, however, will logically change
as the independent variable changes (being dependent on the
independent variable).

m Lastly, the question will state to predict the value of the dependent
variable based on the value of the independent variable

o CALC — SET — REG — X — ax+b or a+bx (two forms of the simple linear
regression equation)
m SET:
e 1Var XList: List 1
e 1Var Freq: 1
e 2Var XList: List 1
e 2Var YList: List2
e 2Var Freq: 1

m The calculator output provides the r value, r? value, mean squared error, and
the coefficients a and b.
e aand b represent the y-intercept of the simple linear regression and the
slope coefficient of the independent variable in the regression,
depending on which form of the equation was selected
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o These coefficients can thus be used to construct the simple linear
regression equation

LINE ASSUMPTIONS'

e Linearity: A linear relationship exists between the dependent variable and the
independent variable.

¢ Independence of errors: There is no relationship between the errors (residuals) of the
simple linear regression model.

e Normality of error: The errors (residuals) in the simple linear regression model are
normally distributed for all independent variable values

e [Equal Variance: The errors (residuals) in the multiple regression model do not change
(have the same variation) for different values of the independent variable.

COEFFICIENT OF DETERMINATION'

e ‘= Sum of Squares Regression (SSR) / Sum of Squares Total (SST)

o The percentage of variation in the dependent variable that is explained by its
relationship to the independent variable of the regression model.

o Sum of Squares Total (SST) = Sum of Squares Regression (SSR) + Sum of
Squares Error (SSE)
m SST=5(Y,-Y)?
m SSR=3(Y;- Y)?
m SSE=3(Y;- Y,
e Where:
o Y, is the observed dependent variable values
o Y is the mean value of the dependent variable

e Note: SSE is also known as the unexplained variation in the
dependent variable, as well as the residual (error, e)) value

Page 3 of 9
1 All information in this tip sheet is based on Chapter 15 of: Chua, C., & Smith, D. (2020). Simple Linear

Regression. In Business Statistics, Fifteenth Custom Edition for Ryerson University, Ted Rogers School of
Management (pp. 625-662). essay, Pearson Learning Solutions. Retrieved 2025, from
https://plus. rson.com r vanhilten0271 =

s=Y.

Program Advising and Student Success TED Program Advising
.l\l;?;g%t:olitan Ted Rogers School of Management, TRS 1-004 ROGERS and Student Success

University https://www.torontomu.ca/trsm-pass/ Ly


https://plus.pearson.com/courses/vanhilten02713/products/156133/pages/1?locale=&platformId=1030&lms=Y
https://plus.pearson.com/courses/vanhilten02713/products/156133/pages/1?locale=&platformId=1030&lms=Y

QMS 210: Simple Linear Regression

I TRAIN TO LEARN EFFECTIVELY: TIP SHEETS CONTENT BY: DANIEL SHATIL
e Standard Error of the Estimate (Syx) = ifEZ

o Measures the variance in the observed dependent
variable values from the predicted dependent variable
values (similar to standard deviation measuring the
variance in each value from the mean)

T-TEST (2-tailed)’

e Used to determine if there is enough evidence at alpha (the level of significance of the
hypothesis test) of a linear relationship existing between the independent and
dependent variables of the simple linear regression model.

e Performed on the slope of the independent variable and the correlation coefficient
between the independent and dependent variables

o T-test for the slope of the independent variable:
m  Null Hypothesis (H): B, =0

e Not rejecting the null hypothesis means that there is no linear
relationship (zero slope) between the independent and dependent
variables of the simple linear regression model

m Alternative Hypothesis (H,): B # 0

e Rejecting the null hypothesis (going with the alternative hypothesis)
means that there is a linear relationship (non zero slope) between
the independent and dependent variables of the simple linear
regression model

m Test on calculator (CASIO fx-9750GlIl): TEST- T - REG - # - XList:
List 1 (independent variable) and YList: List 2 (dependent variable) —
EXE

e The calculator output will provide the tsrar, p-value, degrees of
freedom, r value, r? value, standard error, and coefficients for the
simple linear regression equation (a and b)
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o Performs both the t-test for the slope and the t-test for the
correlation coefficient

® tsrar = (b1~ B1) / Spy
S

o Sy = Jss‘%
m SSX=3(X - X)?
m  Where
e b, is the sample slope of the independent

variable

e [, is the population slope of the
independent variable

e Xis the mean value of the independent
variable

m  When calculating t-critical values, use n-2 degrees of freedom

m Confidence interval estimate for the slope:
o Dby -1pSh <Bi b+ 1S,

o T-test for the correlation coefficient between the independent and dependent
variables:

m Correlation Coefficient =r

e Measures the degree of association (relationship) between two
numerical variables, ranging from -1 (indicating complete negative
association) to +1 (indicating complete positive association)

o This can be applied to the independent and dependent
variables of the simple linear regression model

m  Null Hypothesis (Hy): p =0

o Not rejecting the null hypothesis means that there is no
association (no relationship) between the independent and
dependent variables of the simple linear regression model
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m Alternative Hypothesis (H,): p #0

e Rejecting the null hypothesis (going with the alternative
hypothesis) means that there is an association (relationship)
between the independent and dependent variables of the simple
linear regression model

r—p
B fgrar = —
n—2
o r=+I?ifb,>0
o r=-Iifb,<0
o r=cov(X)Y)/S,S,
m Where

e ris the sample correlation coefficient
e pis the population correlation coefficient

F-TEST (Same as in Multiple Linear Regression)'

e Can be performed instead of the t-test to determine is there is a linear relationship
between the independent and dependent variables

o This is the same as determining if a linear relationship exists between the
dependent variable and the entire simple linear regression model

EXAMPLE

You are the sales manager at Sunflowers Apparel, a chain of apparel stores for women. The
sales for Sunflowers Apparel have increased during the past 12 years as the chain has
increased the number of its stores. The following data on Sunflowers Apparel’'s annual sales (in
millions of dollars), number of stores, and store size in thousands of square feet over the past
12 years is presented:
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Store # Square Annual Store # Square Annual Sales
Feet (000) Sales (in Feet (000) | (in millions of
millions of dollars)
dollars)
1 1.7 3.7 8 1.1 2.7
2 1.6 3.9 9 3.2 5.5
3 2.8 6.7 10 1.5 2.9
4 5.6 9.5 11 5.2 10.7
5 1.3 3.4 12 4.6 7.6
6 2.2 5.6 13 58 11.8
7 1.3 3.7 14 3.0 4.1

1. What do you predict the annual sales (in millions of dollars) of the 15th store to be,
based on the store size being reported as 4000 square feet?

Since this question is asking to predict the value of a variable based on another

one, a simple linear regression analysis must be performed.

o Given this wording, the store size in thousands of square feet is the
independent variable (it can exist on its own) and annual sales (in
millions of dollars) is the dependent variable (it will logically change as
the store size changes)

m Thus, enter store size in thousands of square feet in List 1, and
annual sales (in millions of dollars) in List 2 of the calculator

(CASIO x-9750Gilll)

CALC —- SET —- REG — X — ax+b

o SET:

1Var XList: List 1
1Var Freq: 1
2Var XList: List 1
2Var YlList: List2
2Var Freq: 1

o From the calculator output, the simple linear regression equation: Y;=
1.66986231x + 0.96447365 can be constructed
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m Inputting 4.0 square feet as x (the independent variable), the
annual sales (in millions of dollars) of the 15th store is predicted to
be 7.6.

2. Before you submit this prediction to your manager, you need prove at the 0.01 level of
significance that there is a linear relationship between annual sales (in millions of
dollars) and store size in thousands of square feet

e Since this question is asking to prove a linear relationship between the
independent and dependent variables of the simple linear regression model, a
2-tailed t-test must be performed

e Null Hypothesis (Hy): ;1 =0,p =0

o Not rejecting the null hypothesis means that there is no linear
relationship and no association between annual sales (in millions of
dollars) and store size in thousands of square feet

e Alternative Hypothesis (H,): B;#0, p#0

o Rejecting the null hypothesis (going with the alternative hypothesis)
means that there is a linear relationship and association between
annual sales (in millions of dollars) and store size in thousands of
square feet

e Test on calculator (CASIO fx-9750GllIl): TEST- T - REG - # — XList: List 1
(independent variable) and YList: List 2 (dependent variable) - EXE
o tgrar = 10.6411237
o P-value = 1.8227E-07
m Given that the P-value is far lower than the alpha of 0.01 and the
t-test statistic is far greater than the upper t-critical value of
3.05453959, there is enough evidence to strongly reject the null
hypothesis at the 0.01 level of significance.

e This proves that there is a linear relationship between
annual sales (in millions of dollars) and store size in
thousands of square feet
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3. The company requires that for the 15th store to be constructed, at least 90% of the
reason for the increase in annual sales (in millions of dollars) must be because of the
increase in store size in thousands of square feet. Will the 15th store be constructed?

e This question is asking about the percentage of the increase (or variation) in
annual sales (in millions of dollars) that is due to the increase in store size in
thousands of square feet, compared to all possible reasons for the increase (or
variation) in annual sales (SST)

o These two variables are related to each other by being the independent and
dependent variables in a simple linear regression model (SSR)

m As aresult, the coefficient of determination (SSR/SST) for the
simple linear regression model must be identified

e This value can be found in the calculator output (r?) for
question 1 and 2, and is 0.904179. Therefore, yes the 15th
store will be constructed
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