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Lecture (3): Simple Linear Regression

Concept of Regression Analysis

Regression analysis is defined as a statistical method that studies the relationship
between one dependent variable and one or more independent variables, so that
this relationship explains the reasons for the changes that occur in the dependent
variable and how the independent variables affect these changes, and how these
changes are explained by those independent variables, and these changes are done
through regression analysis, as regression analysis is based on describing the
relationship between the variables in the form of an equation.

Uses of Regression Analysis (Its Objectives)

1. Data Description: This is done by finding the regression equation that describes
that data
. Parameters Estimation: The parameter for the population gives the importance
of each independent variable in its effect on y and gives the direction and
strength of the effect
. Predection: It is not only the unstudied (future) prediction but it is knowing
something unstudied taking into account the data space
4. Control: Where y can be controlled by controlling the independent variables

Simple Linear Regression

If we wanted to study the change in a dependent variable and the change in one

independent variable, then for every value of X we would have a value of Y. If we
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took these points, one of which resulted from X and the other from Y, and plotted
them in a scatter diagram, that is, we would take X and its corresponding value in

Y.

As we notice, there is a line that can
pass through these points and has
features. It is called the regression line
and its equation is:

Yi =PBo+ Pix; + &

yi = Bo + ,[;’1 Xi

Explanation of the regression line model
Jlaady) Jad GSJ.AJ T
v;: Dependent Variable and also the response value (to the value of X)

Bo [1: Regression Parameters, These parameters are fixed values.

Bo : Itis the distance between the intersection of the regression line with the Y
axis from the origin. If it is positive, this means that the regression line
intersects Y above the origin. If it is negative, the line will be below the origin
point. If it is equal to zero, the line passes through the origin point.

e (55 X dagd Ladie aaieall jiall Llain¥) jlade SIS Jiad B
X b 8 g 8an 5 53l ) Ay Y (8 Jaalad) (Gl gl 2l 31) sl laie Jiaiz 1 By
Slop =Ay=ATy=Ay=ﬁ1 duall G B lae (& f - (8 IS

Ax
X sl plasi¥lba () panadl g0 b e soke 8 By X
Bo: also represents the amount of response to the dependent variable when the
value of X equals zero.
B1: represents the amount of change (increase or decrease) in Y resulting from a

one-unit increase in X.

Also, f1 isthe slope  Slop = i—i’ = ATy =Ay =0,

Also, p;isthe tangent of the angle between the regression line and the X-axis
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Figure Shows the Negative Relation Figure Shows the Positive Relation

The sign f; indicates the type of relationship. If it is positive, the relationship is
positive, and if it is negative, the relationship is negative. The change in Y can be
taken as due to X, but it cannot be said that if Y changes, X changes because X is
independent and Y is dependent.

g; Itisthe random error, which is the deviation of the

expected values from the actual observed values, as

for every X we have two actual observed values and | 6l J/
4 A% .

an estimated value that lies on the regression line, /‘f'
and the difference between them represents the ‘

2 3 4 5 6

error.

Figure showing the error term

Assumptions of Analysis
1) Yisarandom variable (i.e. it has a distribution and is subject to probability)

distributed normally with a mean p and a variance of af/x, i.e.

Yi~N(u, af/X) and its values are independent of each other (for example,

we say y; from a specific x, but y, is independent of y; but has a
relationship with x).
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The average of the Y values is , for example Y; = py, /x, andY, = uy, /x,, and each
average is a straight-line function because it results from a straight-line equation
and it lies on that straight line, which means that x; is the arithmetic mean of all
the values divided by their number.

2) Homoscedasticity: This assumption means that the
variances of all observations are homogeneous. It is
worth noting that the arithmetic mean is not
homogeneous because if it were homogeneous, the
regression line would be parallel to the X-axis.

V) =V, ==V, = 01;/)(
3) The random error is normally distributed with a mean equal to zero and a
variance equal to 62, i.e. e~N(0,02), and when we write the regression line
equation and extract the estimated equation, then E(g;) = 0

yi = Bo + P1x; + &

9: = Bo + b1 x;

4) €;,¢j are Uncorrelated to specific time periods, i.e. cov(ei,ej) =0 L#]

Estimation of Regression Parameters by Least Squares Method

This method considers the variable X as a fixed variable and the variable Y as
random. The least squares method is used to deal with this case, on the basis of
which the values of the two parameters [, and [; are estimated. The best
regression line that represents the relationship between the two variables is the
line that passes through these points and gives the sum of squares of the distance
from these points as small as possible.

Vi =PBo+Pixi + &
& =yi — (Bo + B1x)

ieiz - i[yi — (Bo + B1x))? =K
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To make X, &2 as small as possible, we must
take the partial differential of the quantity K once
with respect to §; and once again with respect to
B, and set the result equal to zero, so we get:

a_ﬁo_ —2 Z(yl Bo — ﬁ1x)—0

6_181 = =2 Z(yl ,80 ﬁlx )xl =0
Now Z(Yi —Bo— 51xi) =0
= Db hx)u =0
XY _nBO _B1in =0

Yxiyi—BoXxi— P Xxf =0
nfo+ P XX =2y

BoX xi+ P X x? =X x;y;

n.éo+ﬁ1zxi =z3’i
Bozxi+ﬁ1zxi2 =in3’i

= n[3’0=zyi—,[§12xi

Normal Equa

We have ﬂo — le ZJ’iﬁ12x

n n
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We substitute this formula into the second natural equation, as follows:

(W)in + /Xl =Ty,

= 2 XY

Cy)Cx)-B1Ex)? | 5
WP 37

Cy)Ex) - Ex)* +npy Xxf =nTxy;
5 [Ex)? —nXx?] = nTxy — Cy)Ex)
Bl[an? - xi)z] = nXxy — Qy)Xx;)

_ nXXyi—-QCy)Xx)

b= Thya-aao) =N

_Cyi)Ex)

5 LXi SCP _ Sxy

1= 2 = =
S x; SSy S
[inz_( nl) ] x xx

Where Sy, = X(x; — %) S(v; — y)
¥y, EOER)

= XXy — an_’n
=2(x; — %) y;
=X — ¥)x

Sex = Z(xi - f)z
32
_ lez _ xp)

=Y x? — n(r;?)z

= X(x; — %) x;
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If you have the following data with two dependent
and two independent variables, you are required to:
Plot the scatter plot of this data
Find the equation of the regression line
Does the equation of the regression line satisfy
that the sum of random errors = zero
Plot the equation of the regression line
Find the expected value of y when x, = 0,10
What is the relationship between x; and y;

What are x;, y;, BO, and ,[?1

Solution:
1) Scatter Plot

3)
Sinple Scatartyiby
4 -1 ;

3
7 6.5 05
4 35 05
6 5 1
5 6 -1

2) 9 =B +B‘1§xi
A X
.31 = S_y
XX
Cy)Xx;)
Sxy = XiYi — T
(20)5(25) — 13

=113 —

X xp)?

S . = 2 _ LX)

5) §;=3+0.5x; xx = XX "

y; =3+1(05)(0) =3 =106 ——— =26

9, =3+ (0.5)(10) = 8
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13

=2—6=0.5

b

6) From the sign 3; we notice that

the relationship between x; . A
Bo=Yy —Pix

and y; is a positive (direct) =5-(0.5)(4) =3

relationship, meaning that a
one-unit increase in x; leads
to an increase in y; by 0.5.

7) x;:independent variable

y;: dependent variable

Bo: point of intersection of the
regression line with the
axis

,[?1: represents the regression
coefficient y/x and
represents the amount of
change in y when the value

of x increases by one unit.
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