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Theme: Relationship of random
variables in economics.
Correlation dependence.
Elements of regression analysis.
Forecasting the characteristics of
the foreign trade market
Part 1. Correlation theory



Let's start the study of dependences between
variables with two variables, which are
denoted as X and Y. There are two basic types
of dependences: functional and stochastic
(statistical).



A functional dependence between two
variables x and vy Is the defined value of y
corresponds to each value of x, and the
equation y = f(x) takes place.




At a functional dependence graphs of
equations

y=t(x) and x=@(y)
are identical, I1.e. it's not important that x or y
will be dependent or independent variable.
Thus, a functional dependence does not
respond to a direction of cause-and-effect
relations (NpnUYMHHO-CNIAYI 3B'SA3KN).



Example 1. Let's take the equation

y=2Xx—-4

lence x:%+2

Graphs of these lines coincide. Both straight
lines pass through points

x=0, y=-4 and x=2, y=0



For random variables we can or can't
establish a functional dependence. There
exists a dependence between such
variables, at which with a change of one
variable a distribution of the other variable is
changed. Such a dependence Is called
stochastic (statistical).



There are two components at a statistical
dependence:

1) stochastic, i.e. it is directly related with a
dependence between a functional factor and a factor-
argument;

2) random, i.e. it is related with an influence of random
factors on a dependence between a functional factor
and a factor-argument.



A lack of the second component leads to a
functional dependence.

At statistical relationships cause-and-effect
relations (npuumHHO-cnipui 3B’A3KKM) are
important, i.e. it is important that a variable will
be a functional factor or an independent factor.
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The particular case of a statistical dependence is
a correlation dependence between two random
variables, at which with a change of one out of
two variable a mean value of the other variable
is changed.
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Basic problems of correlation theory.
A correlation table,
a correlation field,
empirical regression lines
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Correlation theory solves two basic problems:

1. A defining a presence of correlation (if values
of {/X are same for all values of x, then a
correlation dependence is absent), an
establishment of a form of a dependence (a
type of a regression function) and defining

parameters a regression equation.



Correlation theory solves two basic problems:

2. A defining a strength (micHoma) of a
correlation. A strength of a correlation Is
defined as a measure of values diffusion
(po3scitoBaHHA) relative to a conditional mean
and characterizes a degree of an influence of a

changing value X on a changing value Y.
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For defining a presence of a correlation we fill a
correlation table using empirical data. A correlation
table is formed for grouped observations
(crpynoBaHux cnoctepexeHb) and contains intervals
(classses) of a changing variables X and Y and
frequencies of an joint appearance (cymicHa nosisa) of

the given pair values of x and y (see a table).



A correlation table

Intervals x’; _x’l‘ Ij ~-x" xd_‘l —x x: 1 — X,
of X " i ' )
my,
Intervals X
of Y |y . = * i
Vi
. ¥ M
'}-E —_}'1 Vi My M2 my; my; »
‘* ‘1‘
Y, =N M2 21 M2 My M My,
‘* ‘*
Y TV W My | My My My My,
‘* ‘*
L I M., m., m., m,, m.,
m, m,. m,, m, m, n
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Let’s denote
n as the total number of observations;
muw as the frequency of an joint appearance of two

random variables x and y, besides

%kai =N



Let’s fill horizontal cells of a correlation table as
intervals of the factor X, vertical cells as intervals of a
functional factor Y. The frequency muis located on the
intersection of a column x; and a row y«. Let’s denote x;

and y« as midpoints of intervals.



The last column and row are defined as the total sums

of rows and columns

S |
m,, = kZ:lmki m, =2 My

besides



Let's use a correlation table and get the
correspondence between each value of one out of
variables X or Y and a distribution row of the other

variable.

For example, for X = X, We have a distribution row:

Y Vi V Ve | | Vs

[t

[t

M }”11 ?ﬂ’:l }”ﬁﬂ }”51




Let's use a correlation table and get the
correspondence between each value of one out of
variables X or Y and a distribution row of the other

variable.

For example, for X = X, We have a distribution row:

i

Yo n Vo |- |

[

et
I

S
_—

| -

| -




For example, for X=x

we have a distribution row:

J . .}!1 .];2 e J'J-: Jqs
M\ myy | My | e | Mg My
Let’s calculate the conditional mean:
S
> VMg

My + Moy oo+ Mg+ + My

y _ Yy + YoMy + oo 4 YiMyg +oo + YsMyy kg
X:Xl

m

X1



For example, for X =X, we have a distribution row:

i

¥ Vi

[

et
foedl

Vi o | Vs

iy ml 7

S
-

b

b

M2 |- | Ms2

Let’s calculate the conditional mean:

Y1y + YoMy + i+ YMygo +.00+ YsMgo

S
B kZ YiMy 2
_ k=1
yx:x2 o o

My + My + oo+ My + .0+ M, m,,



Let's generalize:

S
— My YoMy oot YoMy + ot yemy, 2Tk
y _ YalMyg + YoMy + oo+ YyeMyg +. + YsMgg g
X=X
: My + Moy + o+ Mg+ + My m,,
S
— Moy + YoMy + oot Yy ot Y, 2 M2
y _ YiMip + YoMy +. + YiMyp +-. + YsMsp _ k2
X=X
2 My + Moy 4.+ My 4.0+ Mg, m,,
and get: s
B PR AUNR
X:Xi m

Xj



Let's generalize and get: 'y, =

S
2 Yimy
k-1

m,
Thus, we have the dependence:
X X, X, X, X;
v | Y. | 7 v, v,




Thus, we have the dependence:

Li

X

Vx

Ke the

orevious varia

mean Xy-y,  Is calculated as:

1
Xy=y, =

|
21 X My

mYk

ole Y =y, the conditional




Like the previous variable Y =Yy the conditional
mean Xy-y Is calculated as: |
2 %My
— =1

Xy=y, = -
Yk
Thus, we have the dependence:
.} ' .-1’,1 )'2 }'F{ .} S
';'}' J_CJ'l -;J'z z,";: X3
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Correlation tables give the possibility to define a

presence of a correlation dependence: if Y, ()_(y)

are changed from a column to a column (from a
row to a row), then there exists a correlation

between variables X and Y.



A correlation field (kop.none) is a graphic
presentation of a correlation table. A correlation
field is called a point graph, where each point is a

result of a separate observations of values of two
variables.



Example

X =%,

J‘s—l _J . * 3 @
*//
Y2—V3 N
yi—» /
Yo — MW *
Vi1~
o — X X — X2 Xy =3 X1 %




A correlation field can be plotted with the
help of a correlation table.

Let's write down Intervals of variables X and
Y, B we mark points into each cell which is
locates as the intersection of a column and a
row, the number of points equals values mu.
If we have clouds (3ryctkn, UeHTpU
rpynyBaHHs), which decentre, then we can
define a presence of a correlation between
variables X and Y.



Let's mark points (Xi , 9Xi ) or ()_(yk Vi ) and connect
them with the help of polygonal line.

. . — ) .
The first polygonal line (yX) , which connects
points with coordinates (Xiig’x-) IS called an
I
empirical regression line Y upon X.

The second polygonal line (iy) , Which connects
points with coordinates ()_(yk | yk) , Is called an
empirical regression line X upon'Y.



Let’s use a notion «a conditional mean» Yy

Let’s take a random variable Y, related with a
variable X, and each value of X corresponds to

some value of Y.



Example

X,
v 4 o o ¥
1 2
3 o 3
S S S
7 1 1
Mg T
J'l'd.-




Example.
Let’s calculate frequencies mx and m,

X _
m.. X,
v 2 4 i) S ¥ ¥;
1 1 2 3
3 1 b 3 10
5 5 5 10
7 1 1 2
M 2 13 O 1 25
JI:EJ.-




For example, at X=2 the variable y takes

values: y1 =1, y,=3.

Then arithmetic mean Y, which corresponds

tox=2:
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Example

X _
", xX..
v 2 4 i) S ¥ ¥
1 1 2 3
3 1 b 3 10
5 5 5 10
7 1 1 2
M 2 13 O 1 25
JI:EJ.-

PD Misiuna le. . (nowesr Micopa
E.10.)




For example, at X=4 the variable y takes
values: Y1 =1, Y2 =3, Y3 =9

Then arithmetic mean Y, which corresponds

to X=4 :

D Miksiuna le. . (o Mchopa
E€.10.)



For example, at X =0 the variable y takes
values:y, =3, Y3=9, Y4 =/
Then arithmetic mean Y, which corresponds

to X=0:
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For example, at X =8 the variable y takes
values:y, = 7.
Then arithmetic mean Y, which corresponds

to X=8 :
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&

=

Y Y17 Vi
1 2
3 6| 3
5 5| 5
7 1
m, 13| 9 5
Yx 3,5| 4.6




A correlation dependence Y on X is called a

functional dependence of a conditional mean ¥«

on X :



A conditional mean xy is called an arithmetic

mean of values X, which correspond to

Y=1Yj



For example, at Y=1 the variable y takes

values:x1 =2, Xp=4.

Then arithmetic mean Y, which corresponds

to y=1.
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Task. Find:
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According to results of the same trails

dependences can be obtained: ;lx and Xy

l.e. it is necessary to indicate a factor-argument
(cause, npunumHa) and a functional factor

(cnipcTBO, effect).
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The equation Y, = f(X) is called the empirical
regression equation of Y upon X, and the function f (X)
the regression of Y upon X, and its graph is the

empirical regression line of Y upon X.



The equation S/X = f(X) is called the empirical
regression equation of Y upon X, and the function f (X)
the regression of Y upon X, and its graph is the
regression line of Y upon X.

We can use the other equation: )_(y = gg(y) . It is the

empirical regression equation of X upon Y.



Example

X =%,

J‘s—l _J . * 3 @
*//
Y2—V3 N
yi—» /
Yo — MW *
Vi1~
o — X X — X2 Xy =3 X1 %




Example. Let’s define h.=4-2=2
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Example. Let’s define h,=3-1=2
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Example.
It’s the empirical regression equation of Y upon X

Y3, | ' IDEE

6 :

4 Y, = 1)
2 s

0 - : : : L X
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Notions of a regression and a correlation are related. A
correlation analysis estimates a strength (ticHoTa)
stochastic correlation (38’A3KkuK), a regression analysis
investigates its form. Both types of analysis are used for
explanations of cause-and-effect relations between
phenomenons and for defining a presence nau a lack of

a correlation.
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Regression analysis is a statistical tool for the
investigation of relationships between variables.
Usually, the investigator seeks to ascertain the causal
effect of one variable upon another—the effect of a
price increase upon demand, for example, or the effect
of changes in the money supply upon the inflation rate.
To explore such issues, the investigator assembles data
on the underlying variables of interest and employs
regression to estimate the quantitative effect of the
causal variables upon the variable that they influence.
The investigator also typically assesses the “statistical
significance” of the estimated relationships, that is, the
degree of confidence that the true relationship is close
to the estimated relationship.



There are such types a correlation and a regression:

1)relative to a character of a correlation and
regression we have a positive or negative correlation
and regression. A positive value means that an increase
(decrease) of an argument x is related to an increase
(decrease) of a functional factor y. A positive value
means that an increase (decrease) of an argument x is
related to a decrease (increase) of a functional factor y.



Example

Correlation

* Correlation examines the relationships between pairs of
variables, for example

— between the price of doughnuts and the demand for them
— between economic growth and life expectancy
— between hair colour and hourly wage
— between rankings
* Such analyses can be useful for formulating policies
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income

Example

Positive Correlation

* .
., F 4 * 3% » *
":**‘*-"‘;f '.'.
*“""‘.tf
R
. w W *
™ *
L ™ *
¥
AR
*
*

expenditure

E.g. income and food expenditure
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price

Example

Negative Correlation

*
+ .":-* * *
! ‘., i-“l * N *
o {‘ o o had
*
‘t YWt W, ?
+ ¥ & . ot® * *
Te e
»
. L,
* .
quantity

E.g. demand and price




Example

Correlations. A correlation is when two variables change together and so
associate in some way. The correlation can be:
Positive. The variables increase and decrease together.
Negative. When one variable increases the other decreases and vice-versa.
No correlation. The variables vary randomly with respect to each other.

y-axis y~axis V-axiy

O Xx-axis O S-Ax15s O -axIs

Positive Coarrelation Negative Correlation No Correlation
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There are such types a correlation and a regression:

2) relative to a number of variables: a pair or multiple
correlation and regression.
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Example

A pair regression is S’ = f(x)



Example

A pair regression is ;l = f(x)

A multiple regression is §/=



There are such types a correlation and a regression:

3) relative to a correlation form: a linear or nonlinear
correlation and regression.
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Example

Alinear dependence is: Y x= Pp +0;X
A nonlinear dependence is:

yx: bo 'Xbl (a power function)

7X= bO -blx (an exponential function)

;- 1
" by +byx

(a hyperbolic function)



LEAST SQUARES METHOD
(LSM)



Let’s take empirical data:

X

X,

X,

y

Wi

Y

Vi

Y




Let’s take empirical data:

X X, X, e X e X

L I M

N T L T N I L R I

Let’'s construct the theoretical regression
equation in the form:

yx: l30 +b1X



Let’s construct the theoretical regression equation in
the form: _
Y x= bO T blx

We define parameters bo and b1 using least-squares
method (metoa HavimeHwwux KBagpartis) in order to
the sum of squares deviations of )A/ from V.

| theor. | emp

will be least:

n

Z(yitheor. ~ Yiemp. )2 — angiz — min

1=1 1=1
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We define parameters a and b using least-squares

method (metoa HavimeHwwux KBagpartis) in order to

the sum of squares deviations of )A/ from
| theor.

will be least: Yi emp.
n , n ,
Z(yitheor. —Yi emp.) — Zgi — Min
= i=1
Let’s denote
n 5 n , |
D& = F(bO’bl): Z(bo +byX; — yi) — min
1=1 i—1
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Let’s denote
4 2 L 2 i
D& = F(bg.by ) = Z(bo +byx; —y;)© — min

According to the necessary condition of an extremum
of a function of two variables we have:

8F(b0,b1)20 5F(bo’b1)20
by ob,




According to the necessary condition of an extremum
of a function of two variables

5F(bo,b1)zo 8F(b0,b1)20

o, by
we have:

OF . J
@TZZZ(bo +byx - yi)-x =0,
JPo -t
oF 0
—=2> (bg +b;xi —vy;)-1=0
ﬁbl Z:( 0 bll yl)




we have: ( n
oF 2Z:(bO +b1X ) X =0,
) abO =1
oF
——=2%"(by +byx; —y;)-1=0
\abl =1 |

Let’s write down this system in the form:
n n n
bl_inz +bo_Z><i Z_ZXi Vi
< = =

blzx "'bOZl Zyl

=1 i=1




Let’s write down this system in the form:

blixiz "’bO_Zn:Xi :ixi Yi

blzx +b021 Zyl

1=1 1=1

(N , n n
by D2 X7+ 2% = 2% Vi,
1=1 1=1 1=1

n n
by 2. X; +bon =2 Yi.
S =1



Let’s write down this system in the form:

n 5 N N
by D X +bg 2 % =2 X Vi,
i=1 i=1 i=1

n n
b > X +bhgn=2"Y;.
i—1 i—1

.

Let’s divide both equations by n:

n 5 n n
2.Xi 2% 2% Y
b 1=1 +h 1=1 1=1
1 0
n n n
n n

2% 2.Yi

b =1 1 bn = =1
1 0
N N




Let’s divide both equations by n:

n

5 n
2% 2.
1=1
n
n

n
2 % Vi
i—1

n )

=l 4p =
by - 0

n

2% 2.Yi

bllzl +b0 :|=1 .
L n n

Since we get the mean for each value







We get:
b1X2 +b0)_( :@

\bl)_(_l_b() :S/
Let’'s multiply the second equation by X  and
subtract it from the first equation:

3

b, X% + by X = Xy
by (x) +byx = y-

X




We get:
by X% +by X = Xy
\bl)_(_l_b() :S/

Let’'s multiply the second equation by X  and
subtract it from the first equation:




Let’s multiply the second equation by x and subtract it
from the first equation:

by, X2 + by X = Xy
ol(>_<)2 +bhyX=y-x

X2 - (x)2 )= xy - x-y

Then

PhD Misiura le.lu. (goueHT Mictopa
€.10.)



Then

From the second equation of the system: by = §/—b1>_(

The parameter b1 is called a regression coefficient Y
upon X and it is denoted as  Py/x

The value X_y—)_(gl is called a covariation or a

correlation moment and it is denoted as Hyy

> [—\2
x2 — (x) = af is the variance of the variable X.

PhD Misiura le.lu. (goueHT Mictopa
€.10.)



The parameter b1 is called a regression coefficient Y
upon X and it is denoted as Py/x

Thevalue XY XY

is called a covariation or a correlation moment and it

is denoted as Hxy

N
X° — (X) = Gf is the variance of the variable X.
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The parameter b1 is called a regression coefficient Y

upon X and it is denoted as Oy /x
The value E/—)_(S/

is called a covariation or a correlation moment and it

is denoted as Hxy

N
X — (X) = Gf is the variance of the variable X.

Y7 _ _
bl Py/x = Xy

Gx
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Hxy - =

Then b1=,0y/x:? by =y—byx
X

The theoretical regression equation Y upon X has the

form:
yx: bO T blx
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The theoretical regression equation Y upon X has the

Like this equation we can get the theoretical regression

equation X upon Y:
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The theoretical regression equation Y upon X has the

Like this equation we can get the theoretical regression

equation X upon Y:

where

Hyxy 2 _
d1 = Pyly = > Oy =Y _(y) dg =X —=PxryY
y

2 2 (-

O
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If data are grouped, then according to a correlation

table we calculate:

in mXi Zykm)’k
X =] y ==X
1 N
2
— 2. X My 2.2 X YkMig
X = xy = 1k

n n



Example
Let's get back to the correlation table:

&:r }: 4 ﬁ 5 m}' . :-I" IL_:' m}' i .:L”: m ¥, X f .:L”mb
1 2 3
3 6 | 3 10
5 I 10
T 1 (1] 2
m, 13/ 9 | 1|25
A
x;
X V.M
P J700




Example
Let’'s calculate:

X
m., Vv.m
Y 2 4 6 8 ¥, v j %y
1 |12 3
3 [1]6]3 10
5 5[5 10
7 112
m, | 2|13]9|1]2s
xm, |4 |52|54(8
x; m,
X; ¥ ;m;
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Example
Let’'s calculate:

N Xl2la|6|8|m |vm
1 |12 3
3 |1]6]3 10
3 5| s 10
7 11 2
m, | 2|13 9| 1|25
X, 4 132|154 8 |118
x;
X V.M.

PhD Misiura le.lu. (goueHT Mictopa
€.10.)



Example
Let’'s calculate:

Y Xl2|a]6|s my | ymy | vim v, | VT

1 1|2 i

3 1|63 10

5 5| 5 10

7 1 (1| 2

m, |2 (13| 9|1 |25

xm, | 4 (52|54 8 (118

x;
X ¥,m

_2:2+413+6:9+48.1_118

25 25
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Example
Let’'s calculate:

Nz s|6|8|m, |vm |yim, |xym,
1 | 1]2 3 | 3
3 |1]6]3 10 | 30
s E 10 | 50
7 11| 2 | 14
m, |[2]13]9]|1]2s
xm, | 4 [52|54| 8 [118
x;m,
X; ¥ ;m;
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Example
Let’'s calculate:

X .
v 214|068 |m [Vyvm
1 1] 2 i 3
3 1| 6|3 10 30
5 515 10 50
7 1 (1] 2 14
M. 2|13 © 25 Q7

xm, | 4 |52|54( 8 [118

X P

I:' :-LI i":i"fl.:-

PhD Misiura le.lu. (goueHT Mictopa
€.10.)



Example

) .
| et’s calculate:
Y X 416 |8 |m |Vin 1m v | X
1 2 3 3
3 6| 3 10 30
5 51 5 10 S0
7 111 2 14
m, 13| 9 [ 1|25 | 07
X, 2215418 |118
x;m,
X. V.M.

1.3+3:10+5-10+7-2 97

9:

25

=—=3388
25
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Example
Let’'s calculate:

N 2 4 6 | 8 |m, y;m, yjm}‘; X, y.m
1 1| 2 3 3
3 1| 6( 3 10 | 30
S 5 | 5 10 | 50
7 MENIEDET
m, |[2|13]| 9 |1]|25 )| 97
xm, | 452|548 |118
m, | 8 [208]324] 64
X; Y ;m;
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Example
Let’'s calculate:

X
v 2|1 4|6 |8 |m |ym
1 1] 2 3 3
3 1| 6|3 10 k1l
3 51 5 10 50
7 1|1 2 14
1 2113 9 15 Q7
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Let’s calculate:

Example

Sz a6 |s|m v |, xam,
1 2 3
3 6| 3 30
5 5] 5 50
7 1]1 14
m, 13| 9 1|25 ]| 07
xm, 52548 |118
xm, 208| 324| 64 | 604
X V..

X

25

7 4-2+16-13+36-9+64-1 604

25
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Let’s calculate:

Example

N 4 6|8 |m |ym |y My | %Y
1 2 3 3 3
3 6 | 3 10 | 30 90
a 3 | D 10 S50 250
7 1 (1] 2 14 08
m, 13| 9|1 |25 | 97
Xim,, 52 (54| 8 (118
x;m, 208| 324| 64 | 604
xX;y;m
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Example
Let’'s calculate:

2 lal6|8|m |ym|sin,
1 1] 2 3 3 3
3 1|63 10 | 30 00
3 3] 3 10 | 50 | 250
7 1|11 2 14 08
" 2|13 9 25 | 07 441

x;m, | 8 |208|324|64 | 604
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Example
Let’'s calculate:

v X 2| 4|6 |8 |m |V | vim | Gy m
1 1| 2 3 3 3
3 1| 6| 3 10 30 a0
5 51 5 10 50 250
7 11| 2 14 08
M. 2113 9 25 07 441

x;im, | 8 |208|324|64 | 604

X V...
v i

F_1-3+9-10+25-10+49-2_441

=17,64
25 25
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Example

Let's calculate:
v X 2 4 i) S My | Yy | Vimy | X )
1 1 2|2 8 3 3 3
3 1 6|8 72|z 54 10 | 30 90
5 s 100|s 150 10 50 250
7 1 42|11 56 2 14 08
m, 2| 13 9 1 25 97 441
X, 4 [ 52 54 3 118
x;m, | 8|208| 324 | 64 | 604
X; VM
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Example

Let's calculate:
v Xl 5] 4 6 8 |m, |ym rjml__ X, Vg
1 2|2 8 3 3 3
3 6|s 72 54 10 | 30 90
5 s 100|s 150 10 50 250
7 42(1 56 | 2 14 08
", 2| 13 9 1 25 07 441
X, 4 [ 52 54 3 118
xim, | 8|208| 324 | 64 | 604
Xy | 8 | 180 [ 246 | 56 | 490
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Let’s calculate:

Example

v X 2 4 i} o] m, | VM Lml X ¥ m
1 1 2|2 8 3 3 3 10
3 1 6| T2 |3 54 10 | 30 00 132
5 s 100|s 150 10 50 250 250
7 1 42(1 56 | 2 14 08 03
m, | 2| 13| 9 | 1 | 25| 97 | 441 | 490
X, 4 | 52 54 8 | 118

x;m, | 8|208| 324 | 64 | 604

X V| 8 | 180 | 246 | 56 | 490
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Example

Y X 2 4 6 8 | ¥y J-"j m ¥ X .:'-"_,:' m;:‘
1 1 22 8 3 3 3 10
3 1 6|s T2 |2 54 10 30 o0 132
3 s 100| = 150 10 50 250 250
7 1 42|11 56 2 14 08 038

m, 13 | 9 1 |25 | 97 | 441 | 490
52| 54 | 8 |118

2
4

xim, | 8 |208| 324 | 64 | 604
8

x:'mx.

180 | 246 56 | 490

LMYk
Xy = ! k

1 (1-2-1+3-2-1+1-4-2+3-4-6+5-4-5+
n 25

+3-6-3+5-6-5+7-6-1+7-8-1):2%(2+6+8+72+100+54+150+42+56)=42—?:19,6
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Example

Let’s calculate:

X=472 y=388 x2=2416 xy=196
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Example

p = X
2
X2 (x

y=388 x2=2416
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Example

Let’s calculate:

X=472 y=388 x2=2416 xy=196

PhD Misiura le.lu. (qoueHT Mictopa
€.10.)



Example

Let’s calculate:

X=472 y=388 x2=2416 xy=196

by =y —by X
ho =3,88—0,68-4,72 ~ 0,67
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Example
Let’s calculate:

19,6 —4,72-388 1,2864
Py/x =01 = 5= ~0,68
2416 —4,72° 18816

bg =3,88—-0,68-4,72~0,67

yx: bO —I—b1X

¥ =0,68% + 0,67



Example

The theoretical regression equation Is

J =0,68x + 0,67

Explanation: the coefficient b, =0,68 shows

the Increasing X by 1 unit gives the
Increasing Y by 0,68 units.



Example 2

The theoretical regression equation Is
y, =—4,8X+ 7
Explanation: the coefficient b:=-4,8 shows

the Increasing X by 1 unit gives the
decreasing Y by 4.8 units.



A correlation coefficient, its properties and

explanation
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Since a correlation moment (a covariation) 4,

is a dimensional characteristic, then one introduces
an additional nondimensional characteristic (a
correlation coefficient) as a coefficient of a strength

(TicHoTa) of a linear correlation:

Hyxy
OxOy

rxy =
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Signs of coefficients Iy, Uy, Py/xs Px/y coincide.



Properties of a correlation coefficient:

1) If random variable X and Y are linearly independent,
then Hyy = O (since My =0 ).
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Properties of a correlation coefficient:

1) If random variable X and Y are linearly independent,
then Hyy = O (since My = 0).
2) random variable X and Y are linearly dependent,

then er :1 .
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Properties of a correlation coefficient:

1) If random variable X and Y are linearly
Independent, then My = 0 (since HUyy = 0).
2) random variable X and Y are linearly

dependent, then I’Xyzl
3) <l, -1<r<1

rxy
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Properties of a correlation coefficient:
1) If random variable X and Y are linearly independent,
then 1, =0 (since 1,, =0).
2) random variable X and Y are linearly dependent,
then [, =1 .
3)|r, <1, —1<r<1

4) Ty, = Iy according to the definition

PhD Misiura le.lu. (goueHT Mictopa
€.10.)



Values of r

We will use this explanation:

Conclusion: If ‘r‘ < 0,35 then this correlation is weak. if 0,35 < M < 0,7 then this correlation

is moderate, if ‘r‘ > (),7 then this correlation is strong.

. . .
) ¥ y

(1) ' (2] ‘ ©
Strong, weak and no correlation
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Values of r

Correlation Coefficient
Shows Strength & Direction of Cormrelation

| Strong Weak | Weak » Strong ‘
I I | |
1.0 -0.5 0.0 +0.5 +1.0
Negative Zero Positive

Correlation Correlation
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Values of r

Correlation Coefficient

Shows Strength & Direction of Cormrelation

| Strong +———— Weak | Weak ——— Strong |

-1.0 -0.5 0.0 +0.5
Negative Zero Positive

Correlation Cormrelation

. . £
) ¥ ]
» . »
X X

1] (2] ©

Strong, weak and no correlation
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Values of r

Correlation Coefficient
Interpretation Guideline

The correlation coefficient (r) ranges from -1
(a perfect negative correlation) to 1 (a perfect
positive correlation). In short, =1 <r < 1.

- l —008 -0.6 -0-4 -0.2 0 002 0'4 0.6 0.8
[pl o T Vel | Talalel,
ble or '
v s Moderate  Wek Neglig Weak Moderste  Strong Vay
..;f." cm‘:h.?km corrdlation  correlation 8 St i correlation comelation corvelation m:‘i;
correlation correlation

Negative correlation Positive correlation



+ The value of 15 such that -1 <y < +1. The + and — signs are used for positive
linear correlations and negative linear correlations, respectively.

+ Pogsitive correlation: If x and y have a strong positive linear correlation, r 1s close
to +1. Anr value of exactly +1 indicates a perfect positive fit. Positive values
indicate a relationship between x and v variables such that as values for x increases.
values for y also increase.

+ Negative correlation: If x and y have a strong negative linear correlation, » 1s close
to -1. An r value of exactly -1 indicates a perfect negative fit. Negative values
indicate a relationship between x and y such that as values for x increase, values
for y decrease.

+« No correlation: If there 1s no linear correlation or a weak linear correlation. r 1s
close to 0. A value near zero means that there 1s a random. nonlinear relationship
between the two variables

+ Note that 15 a dimensionless quantity: that 1s, it does not depend on the units
employed.

+ A perfect correlation of = 1 occurs only when the data points all lie exactly on a
straight line. If » = +1, the slope of this line 1s positive. If » = -1, the slope of this
line 1s negative.

+ A correlation greater than 0.8 1s generally described as strong, whereas a correlation

less than 0.5 1s generally described as weak. These values can vary based upon the
"type" of data being examined. A study utilizing scientific data may require a stronger
correlation than a study using social science data.
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Example

The correlation coefficient:

Iy =Xy —X-y=19,6-4,72-388=1,2864
o2 =x2 - (x) = 24,164,722 18816
o2 =y? - (yf =17,64-388? = 2,5856
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Example

The correlation coefficient:

Iy =Xy —X-y=19,6-4,72-388=1,2864

o2 =x? - (x)f =2416-472% =1,8816

o2 =y? - (yf =17,64-388? = 2,5856
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Example

The correlation coefficient:

Hxy 1,28064
oy -0y +/1,8816-2,5856

Then this linear correlation is moderate (cepegHs).
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Example 3

For factors x;and y« at the sample size n=100 we
have got:

XMy =2296 X YkMyk =269

in Vi My, =6272 0)% = 7,45 05 =10,21

where my;, my,my are corresponding frequencies.

Estimate a strenght of a correlation.



Example 3

According to the condition of the task we get:

X =2296 y =2,69 Xy = 62,72
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Example 3

According to the condition of the task we get:

X = 22,96 y = 2,69 Xy = 62,72

i, =Xy —X-y=6272-2296-2,69=09576
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Example 3

According to the condition of the task we get:
X = 22,96 y =2,69 Xy = 62,72
i, =Xy —X-y=6272-2296-2,69=09576

The correlation coefficient:

Hxy 0,9576

— =0,110
oy Oy +/7,45-10,21

I =

PhD Misiura le.lu. (goueHT Mictopa
€.10.)



Example 3

The correlation coefficient:

Hxy 09576
oy -0y /7,45-10,21

Since this coefficient r approaches 0, then this
linear correlation is very weak (ay»xe cnabka).



Elasticity

In economics, elasticity Is the measurement
of how responsive an economic variable Is
to a change in another.



Elasticity

In economics, elasticity Is the measurement
of how responsive an economic variable Is
to a change in another.

An elastic variable (with elasticity value greater
than 1) Is one which responds more than
proportionally to changes in other variables. In
contrast, an inelastic variable (with elasticity
value less than 1) is one which changes less
than proportionally in response to changes In
other variables.



Elasticity

In economics, elasticity Is the measurement
of how responsive an economic variable Is
to a change in another.

E= (bo +b1X)’ '

1
=

< || X |
< || > |



Example. Elasticity

In economics, elasticity Is the measurement
of how responsive an economic variable Is
to a change in another.

=(0,08 - I 0,83%

3,88

E=b -

< || > |



Example. Elasticity

Conclusion: The elasticity coefficient
(0,83%) Is a number that Indicates the
percentage change that will occur Iin one
variable (y) when the variable x changes
one percent.

=0,68 - I 0,83%

3,88

E=b -

< || x|



A determination coefficient
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The coefficient of determination, denoted
R? or r? and pronounced R squared, Is a
number that indicates the proportion of the
variance In the dependent variable that Is
predictable from the independent variable



Coefficient of Determination, r? or R*:

+ The coefficient of determination, r °, is useful because it gives the proportion of
the variance (fluctuation) of one variable that 1s predictable from the other variable.
It 15 a measure that allows us to determine how certain one can be in making
predictions from a certain model/graph.

+ The coefficient of determination 1s the ratio of the explained variation to the total
variation.

+ The coefficient of determination is such that 0 < % < 1, and denotes the strength
of the linear association between x and y.

+ The coefficient of determination represents the percent of the data that 1 the closest

to the line of best fit. For example, 1f » =0.922, then » °=0.8 50, which means that
85% of the total variation in y can be explained by the linear relationship between x
and y (as described by the regression equation). The other 15% of the total variation
in y remains unexplained.

+ The coefficient of determination 1s a measure of how well the regression line
represents the data. If the regression line passes exactly through every point on the
scatter plot. it would be able to explain all of the variation. The further the line 1s
away from the points, the less it 1s able to explain.
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EXAMPLE

Let’s continue to solve EXAMPLE.
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EXAMPLE

Let’s continue to solve EXAMPLE.
r =0,5832
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EXAMPLE

Let’s continue to solve EXAMPLE.
r =0,5832

R® =g =0,5832° =0,3401
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EXAMPLE

Let’s continue to solve EXAMPLE.
r=0,5832
R® =g =0,5832° =0,3401

It means that 34,01% of the total variation in y can
be explained by the linear relationship between x
and y (as described by the regression equation).
The other 100%-34,01%=65,99% of the total

variation in y remains unexplained.



EXAMPLE

Let’s continue to solve EXAMPLE.
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EXAMPLE

Let’s continue to solve EXAMPLE 3.
Iy =0,257
R? =r,;, =0,257° = 0,066

It means that 6,6% of the total variation in y can be
explained by the linear relationship between x and
y (as described by the regression equation). The
other 93,4% of the total variation in y remains
unexplained.
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Thank You for your
time and attention!
Hope this
presentation was
educational and
helpful to you

©
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