Theme: Relationship of random
variables in economics.
Correlation dependence.

Elements of regression analysis.

Forecasting the characteristics of
the foreign trade market
Part 2. Regression theory
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Notions of a regression and a correlation are
related. A correlation analysis estimates a
strength of a stochastic correlation (3B'A3kn), 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 or an absence 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 estimatec
relationships, that is, the degree of confidence that
the true relationship is close to the estimatec
relationship.
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Let Y denote the “dependent” variable
whose values you wish to predict.
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let X denote the “independent” variable from
which you wish to predict it
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There are such types a correlation and a
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.
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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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E.g. income and food expenditure
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Example

Negative Correlation
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E.g. demand and price

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



There are such types a correlation and a
regression:

2) . a pair or
multiple correlation and regression.
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Example

A pair regression is y = f(x)

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

11



Example

A pair regression is y = f(x)

A multiple regression Is §/= f(Xl, X, X3, X4)
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There are such types a correlation and a
regression:

3) > alinear or
nonlinear correlation and regression.
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BASIC TYPES OF EQUA
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Linear equation:

yx: l:)O "'blx
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Power function:

yx: bO 'xbl
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Exponential function:

yx: bO 'blx
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Hyperbolic function:
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Linear regression analysis Is the most
widely used of all statistical techniques: it is
the study of linear, additive relationships
between variables.
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A pair regression Is an equation of
two variables Y and X.

PhD Misiura le.lu. (aoueHT 21
Mictopa €.10.)



The equation of a linear regression
y X: bO + b]_X

where bo and bi are parameters of the
equation.
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The eqguation S/X = f(X) Is called the 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: xy =g(y) . Itis
the regression equation of X upon Y.
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LEAST SQUARES METHOD

The condition of a minimization of the
given function Is reduced to a solving a
system of equations. Results of this
system are

My Xy=X-y by = by ¥

Oy X —X
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The equation of a linear regression

Results of this system are

Hyy Xy—X-Yy .
by ==5 == b = Y —by - X
Oy X —X
where
— - 144 _
Hyxy = XY = XY :Hzxi Yi — XY
1

IS called the coefficient of the covariation.
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The equation of a linear regression

Results of this system are

H XV — X — —
bl— Xy y2 _2y b():y_b]_'x
Gx X —X
where

o -2 1] —2
G)%IXZ—X Hinz—x
1

IS called the variance of X
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The equation of a linear regression

Results of this system are

H XV — X — —
bl— Xy y2 _2y b():y_b]_'x
Gx X —X
where
_ 1n
x—ﬁzl:x,

IS called the mean value of X
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The equation of a linear regression

Results of this system are

U Xy — X — —
bl— Xy y2 _2y b():y_b]_'x
Gx X —X
where
_ 1”
y==2Yi
N4

Is called the mean value of y
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Example

The dependence between variables X and Y Is
obtained on the base of the experiment and it Is
given as the following table:

X, 1 1,5 2 2.5 3
v; | 215 | 23 | 26 | 28 | 25

Supposing the linear dependence ¥, =by + b X
between X and Y
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Example

_et’s fill In this table:

No | X; Yi |*iJi x,-z yz?'

1 |1 | 2,15 12,15 1 | 4,6225
2 (15 23 |3.45]12,25| 5,29
3|2 | 26 |52 4 0,76

4 |25 2.8 7 16,25 7,84

5 [ 3 | 25 [ A>» | B 0,25

= | 10 || 1233 | 22,5 | 22.3 | 30, 762D

PhD Misiura le.lu. (aoueHT

Mictopa €.10.)

30




Let’s calculate:

Example

12,35
5

<

—5 30,7625

= 2,47

=6,1525

<
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Let’s calculate:

x=9_7

5
x2=%2°_45
@:2 3—506

Example

12,35

y="""222,47

5
5 30,7625

y_

o2 =x?-(xf =45-22=0p5
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Let’s calculate:

x=19_)

5
x2=242_45
@:2 3—506

Example

12,35

<

5
2 30,7625

N

y:

o2 =x?-(xf =45-22=0p5

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

y=-"22247

=6,1525
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Example

Let's calculate:
10 12,35

e = 2,47

X = = =2 y 5

— 225 —5

W2 — : _45 y2 _ 30,7625 _ 61525
@ _ 25 3 506

@Fon
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Example

Let’s calculate:

- 10 > 7= 12,35 047
5 5
— 22, —
X =45 y2 = 30702 _ g 1505
Xy = 29,3 _ =5,06

o2 =y? —(yf =61525-2,47% =0,0516
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Let’s calculate:

Example

12,35

<

5
5 30,7625
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y=-"22247

=6,1525
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Example

Let’s calculate:

- 10 > 7:12’35:2,47
5 5
W2 =229 45 y2 307625 _ oo
Xy = 29,3 _ 5,06
Iy =Xy —X-y=506-2-247=012
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Let’s calculate:

Example

<

5

12,35

= 2,47

<

Hyxy

by =% =

Oy
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5 30,7625

=6,1525

012

=0,24
0,5
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Example

Let's calculate:
10 12,35

Y V =247

X = = =2 y 5

P _ 225 4t F _ 30,7625 _ 61525
5 )

253 _ My 01245

Xy = c =5,06 vi 0')% 05 ;

by =y—by-x=2,47-0,24-2=1,99
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Example

Let’s calculate:

g — 10 _5 V=12’35:2,47 F: 22,5
5 5 5
E’ _ 25,3 506
5
The sought equation has the form:
Y x=bo +b; X Y, =1,99+0,24x
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Example

Let’'s mark the empirical points and plot the sought

theoretical regression line V,

A
3 . ¥
1 . . . >
0 1 2 3 X
PhD Misiura le.lu. (aoueHT 41

Mictopa €.10.)



Example 2

Let's check this equation:

9X=1,5 — 0,24 . 1,5

+199=2235

Yyo5=024-25+199=259

Deviations: & =

52:

2,35—2,3
2,59-2,6

=0,05
=0,01
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Example

The theoretical regression equation Is
V,=1,99+0,24x
Explanation: the coefficient by =0,24 shows

the Increasing X by 1 unit gives the
iIncreasing Y by 0,24 units.
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A sign of a regression coefficient and a sign
of a covariation coincide: the sign of b1 Is
«+» then there Is a positive regression, the
sign «—» means a negative regression.
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A correlation coefficient, its properties

and explanation
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Since a correlation moment (a covariation) s,

IS a dimensional characteristic, then one
Introduces an additional nondimensional
characteristic (a correlation coefficient) as a
coefficient of a strength (TticHoTta) of a linear

correlation:
Hyxy
rxy =
OOy
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Properties of a correlation coefficient:
1) If random variable X and Y are linearly
independent, then 1, =0 (since ,qu:O).
2) random variable X and Y are linearly
dependent, then r. =1.
3) <1, -1<r<1l

4) I,y =TI, according to the definition

rxy
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Example

g 1235, 40 2225
5 5
506 2307625 _ oo
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Example 4

Weget
Hyy =Xy —X-y=5,06-2-2,47=0,12

o, =% =/05=071
oy =+/og =+/0,0516 ~ 0,2272

The correlation coefficient:

_—— Hyy 0,12
Y oy-oy  0,71-0,2272

=0,7471
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+ 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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Values of r

We will use this explanation:

Conclusion: If M < (.35 then this correlation 1s weak. if 0.35 <|#{ < 0.7 then this correlation

is moderate, if ‘r‘ > (0,7 then this correlation is strong.
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Example

The correlation coefficient:

_— Hxy 0,12
Y oy-oy 071.02272

=0,7471

Since this coefficient r Is greater than 0.7, then this
linear correlation is strong (cunbHa Kopenauis).
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The mean error of the approximation

The limit of the mean error will be allowable
(ponyctuma nomunka) If it equals 8-10%.

—:}i Yi —Yi
Ni=1 Y

-100%
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EXAMPLE

Vi Vi Vi — Vi i
Vi

2.15 223 -0.08 -0.0372 10,0372
2.3 2.35 -0.03 -0.0217 | 00217
2.6 247 0.13 0.05

2.8 2 5% 0.21 0,073 0.073
2.5 2.71 -0.21 -0.084 0,084
12.35 0.2679
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EXAMPLE

The mean error equals

A==-0,2679-100% ~ 0,0536-100% = 5,36%

1
5

It's the allowable limit.
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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
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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

R® =1y, =0,7471% = 0,5582

It means that 55,82% of the total variation in y
can be explained by the linear relationship
between x and y (as described by the
regression eqguation). The other 44,18% of the
total variation in y remains unexplained.
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A statistical method that explains how much
of the variability of a factor can be caused or
explained by its relationship to another factor.

Coefficient of determination is used in trend
analysis. It Is computed as a value between 0 (O
percent) and 1 (100 percent). The higher the
value, the Dbetter the fit. Coefficient of
determination is symbolized by r* because it Is
sqguare of the coefficient of correlation symbolized
by r. The coefficient of determination Is an
Important tool in determining the degree of linear-
correlation of variables (‘goodness of fit') In
regression analysis.
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Coefficient of Determination

The coeffictent of determination 15 ..

+ the percent of the variation that can be explained by the regression equation.
+ the explained variation divided by the total variation
+ the square of r

What's all this varsation stuff?

Every sample has some vartation i 1t (unless all the values are identical, and that's unlikely to happen). The total vartation 1s made up of two parts, the
part that can be explamed by the regression equation and the part that can't be explained by the regression equation.

Y- =Y oty oY

total explained — +  unexplained

Well, the ratio of the explained variation to the total variation is a measure of how good the regression line 1s. If the regression line passed through every
point on the scatter plot exactly, 1t would be able to explain all of the variation. The further the lme 15 from the points, the less it 15 able to explain.
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F-test (Fisher test) for
verification of

a statistical significance
(cTaTUCTUYHA 3HAYYLLICTD)
and
a reliability (HagiuHIiCcTb)
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Let's make the assumption
(hypothesis Ho) about a statistical
nonsignificance (insignificance) of an
equation and an indicator of a
correlation strength (rinotesa npo
CTaTUCTUYHY He3Ha4yLLICTb PIBHAHHA |
NoKasHWKa TICHOTU 3B'A3KY).
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We compare the tabular value Fgp)

for the corresponding significance level
with the empirical value:

2

ey
. (n—2)

1-ry

I:emp =
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We compare the tabular value

Feant (k15 k)

for the corresponding significance level
with the empirical value:
2
I
>5(n-2)
1-r2
Xy

I:emp —
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We compare the tabular value
Frapi (1 N —2)
for the corresponding significance level
with the empirical value:
r2

Y _(n=2
1—rX2y( )

I:emp —
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f Franl < |:emp

then the hypothesis Ho IS rejected, a
statistical significance and a reliability
of a regression equation Is accepted.
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if Faol > |:emp

then the hypothesis Ho Is accepted, a
statistical nonsignificance of an
eqguation Is accepted.
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5

6
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4,60
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3,34

3,11

2,96

2.8

2,077

2,70

2,65

2,60

2,96

2,33

15

154

3,68

3,29

3,06

2,90

2,79

2,70

2,64

2,29

2,3

2,57

248

16

149

3,63

3,24

3,01

2,83

2,74

2,66

2,39

2.4

249

2435

242

17

4,45

3,99

3,20

2,96

2,87

2,70

2,62

2,95

2,30
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2,31

2,28
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4,26

3.40

3.01

2,78

2,62
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243

2,36

2,30

2,26

2,22

218

30

417

3,32

292

2,69

2,33

242

2,34

227

221

216

212

2,09

40

4,08

3,23

264

267

245

234

2,23

218

212

2,07

2,04

2,00
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4,03

3,18

2,79

2,96

240

2,29

2.20

213

2,07

2,02

1,98

1,95

7

3,98

3.13

2,74

2,50

2,33

2,23

2,14

2,07

2,01

1,97

1,93

1,89

100

3,94

3,09

2,70

2,46

2,30

219

2,10

2,03

1,97

1,92

1,88

1,82

200

3,89

3,04

2,65

241

2,26

214

2,03

1,98

1,92

1,87

1,83

1,80

400

3,86

3,02

2,62

2,39

2,23

212

2,03

1,96

1,90

1,82

1,81

1,78

3,84

2,99

2,60

2,37

2,21

1,03

2,01

1,94

1,88

1,83

1,79

1,73

PhD Misiura le.lu. (aoueHT

Mictopa €.10.)

70




b3

1 2 3 4 d B 8 12 24 ve
1 | 4052 | 4939 | 5403 | 2625 | 5764 | 3829 | 2381 | 6106 | 6234 | G366
2 (985 | 990 | 992 | 993 | 993 | 994 | 993 | 994 | 995 | 995
301 M1 | 3008 | 295 | 87 | 282 | 279 | 275 | 271 | 266 | 26,1
4 212 | 1680 | 167 | 160 | 135 | 152 | 148 | 144 | 139 | 135
21163 | 133 | 121 | 14 | 110 ) 107 [ 103 | 99 | 95 | 96
6 | 137 | 109 | 98 | 92 | 88 | 82 | 81 7| 73 | 63
r 123 96 | 85 | 79 | 75 | 7.2 | 68 | 63 | 6,1 2,7
¢ | M3 | 87 | 76 | 70| 66 | 62 | 60 | 37 | 33 | 473
9 1106 | 80 | 70 | 64 | 61 28 | 323 | 31 | 47 | 43
101100 76 | 66 [ 60 | 26 | 24 | 21 | 47 | 43 | 38
| 97 72 | 62 | 27 | 33 | 51 | 47 | 44 | 40 | 36
121 93 | 639 | 60 [ 24 | 51 | 48 | 45 | 42 | 38 | 34
13| 91 67 | 27 | 32 | 43 | 46 | 43 | 40 | 36 | 32
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"::'-]
ky 7 3 1 5 ; : 7 T 2 | =
T 89 | 65 | 56 | 50 | 47 | 45 | 41 | 38 | 34 | 30
51 87 | 64 | 54 | 49 | 46 | 43 | 40 | 37 | 33 | 20
61 85 | 62 | 53 | 48 | 44 | 42 | 39 | 36 | 32 | 28
7T 84 | 61 | 52 | 47 | 43 | 41 | 38 | 35 | 31 | 27
1 83 | 60 | 51 | 46 | 43 | 40 | 3.7 | 34 | 30 | 26
9 82 | 50 | 50 | 45 | 42 | 39 | 36 | 33 | 29 | 24
00 81 | 59 | 49 | 44 | 41 | 39 | 36 | 32 | 29 | 24
71 79 [ 57 | 48 | 43 | 40 | 38 | 35 | 31 | 28 | 23
W 78 [ 56 [ 47 | 42 | 39 | 37 | 33 | 30 | 27 | 22
% 77 | 55 [ 46 | 41 | 38 | 36 | 33 | 30 | 26 | 21
B 76 | 55 [ 46 | 41 | 38 | 35 | 32 | 29 | 25 | 21
0 76 | 54 | 45 | 40 | 37 | 35 | 32 | 28 | 25 | 20
W 73 [ 52 [ 43 | 38 | 35 | 33 | 30 | 27 [ 23 | 18
G0 77 [ 50 | 41 | 37 | 33 | 31 | 28 | 25 | 27 | 1%
200 69 | 48 | 40 | 35 | 32 | 30 | 27 | 23 [ 20 | 14
| 66 [ 46 | 38 [ 33 | 30 | 28 [ 25 | 22 | 78 | 10
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Example

Let’s calculate:

Y _(n=2
(02

I:emp =
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Let’s calculate:

Example

r2
Xy
I:emp = 5 (n - 2)
1-ry
0,74712
1-0,7471
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Let’s calculate:

0.7471%

Example

F. —
TP 1-0,74712

(5-2)~3,79
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Example
0.7471%

Femp (5-2)=3,79

- 1-0,74712
Let's compare with the tabular value:

Frabt (Ke; Ko ) = Feap) (L 1 —2) = Fgpy (1 5—2) = Fiapy (1 3)
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Example
0.7471% 5-)
Famp = 5_2)~379
MR 074712

Let's compare with the tabular value:
Feant (K1 Kz ) = Feapt (I N —2) = Fapy (1, 3)=10,1
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Example
074712

Fermp (5-2)=~379

1-0.74712

Let's compare with the tabular value:

Frabl (k1; k2)= Rapl (1; 3)=10,1
We get:

I:tabl > |:emp
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Example

Let's compare with the tabular value:
I:tabl > |:emp

101> 3,79

Conclusion:
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Example

Let's compare with the tabular value:
I:tabl > I:emp

101> 3,79

Conclusion: the hypothesis Ho Is accepted,
l.e. the statistical nonsignificance of this
regression equation is accepted with 95 %.
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t-test (Student test) for
verification of

a significance of
a regression equation and
a correlation
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Let's make
(hypothesis
character of

the assumption
Ho) about a random
model parameters or

correlation coefficients.
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We compare the tabular value Ti,p,

for the corresponding significance level
with the empirical values:

Y
tbi — E
i

where My, are mean errors of a linear
regression.
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We compare the tabular value Ti,p,

for the corresponding significance level
with the empirical values:

t, =0
by -
mbo
>i-%)r XK .
My, = | I v — Oresiduals . _ inz
\ n-2 nZ(xi—x) Noy Vi




We compare the tabular value Ti,p,

for the corresponding significance level
with the empirical values:

"o
0y
oy
Z(Yi_yi)z/(n_z) |
_ | _ Oresiduals
\ (% — ) oy/n




We compare the tabular value Ti,p,

for the corresponding significance level
with the empirical values:

I

where My is the mean error of a
correlation coefficient.



We compare the tabular value Ti,p,

for the corresponding significance level
with the empirical values:




If  anl <temp

then the hypothesis Ho IS rejected, a
statistical significance of model
coefficients is accepted.



If  Yabl > lemp

then the hypothesis Ho Is accepted, a
statistical nonsignificance of model
coefficients and a randomness of their
forming are accepted.



Student’s distribution

LF A
' =001 =002 =003 =01
1 o3, 31,02 12,7 8,31
2 3,92 o, 97 4 30 k=
3 b, o4 4,54 3, 1a plic 1.1
- 4,50 3,5 2,70 213
B 4 03 32 250 201
] 3.1 3,14 245 1,54
[ 3,50 3,00 plic 7 1,09
o 3,0 290 231 1,06
2] 3,25 il &40 1,03
10 3,17 2,76 223 1,071
11 3,11 2.0 220 1,00
T 3,05 2 bo 2. 1o 1,fa
13 3,01 a1 216 1.6¢
14 250 2,6 2,14 1,70




Student’s distribution

(i
' a=1001 & =002 =005 =01
14 2 2o el 2,14 1,f2
15 2 2h el 2,13 1,5
=] 2 H2 2 5o 212 1,75
1 2 20 2.5 2,11 1,74
To 2 od 2 B 2,10 1,73
19 2 o 254 £ U3 1,73
210 2 oo 2 53 £ U3 1,73
21 2 03 el 5 2 Do 1,72
22 2 o0l 2.2 2 07 1,72
23 2o 2 20 £ 00 1,71
24 2 old 239 2 D 1,71
25 203 239 2 D 1,71
pul = 2 fa 2 40 2 D 1,71
21 200 2.3F 2 05 1,71
2o 2.7 2 40 2 05 1,70
i H] prlr 2 40 2 04 1,70
40 2, .00 2 82 2 U2 1,640
Y 2 b 2 30 2 0 1,27
120 2 Bl 2 30 1,540 1,06




EXAMPLE

Ne Vi i | Y=Y Ll-‘; - ¥; E)E |
1 2,15 [ 225 -0.08 0.0064
2 2.3 2,35 -0.05 0.0025
3 2.6 247 0,13 0.,0169
4 2.8 2.59 0.21 0.0441
5 2.5 2,71 -0.21 0.0441
b 1235 0,114




EXAMPLE

The variance of residuals (3anuwkoBa
avcnepciq):

Z(Yi - Y )2
2 _

residuals n— 2




EXAMPLE

The variance of residuals (3anuwkoBa
avcnepciq):

~ \2
O ] — —
residuals n— 2 5 . 2

= 0,038



EXAMPLE

The variance of residuals (3anuwkoBa
avcnepciq):
~ \2

o° = = — =0,038
residuals n— 2 5 . 2

O residuals = \/ esiduais — V0,038 =0,195




EXAMPLE

The mean errors of parameters of the linear
regression:

O'residuals = \/ residuals /0,038 =0,195

_ Oresiduals _

M. =
LT s n




EXAMPLE

The mean errors of parameters of the linear
regression:

O'residuals = \/ residuals =+/0,038=0135

Oresiduals 0199

M, = —
& o.n 0,71-4/5

~ 0,123



EXAMPLE

The mean errors of parameters of the linear
regression:

O'residuals = \/ residuals /0,038 =0,195

Oresiduals 0199

Ty = o NN - 0,71-+/5
b
My,

~ 0,123

lp, =



EXAMPLE

The mean errors of parameters of the linear
regression:

Oresiduals = \/ residuals W 0,195
m. — O'residuals _ 0,195
§ Gx\m 0.71-+/5
b 024
ty, =
mbl O 123

~ 0,123




EXAMPLE

The mean errors of parameters of the linear
regression:

Oresiduals = \/ residuals W 0,195
m. — O'residuals _ 0,195

§ Gx\m 0.71-+/5

t b 024

o mbl O 123

~ 0,123

_1,95




EXAMPLE (conclusions)

t-test for bo

to.05(N—2)=tg 05(5—2) =t 05(3) =318



EXAMPLE (conclusions)

t-test for bo
to.05(N—2)=1tg 05(5—2) =15 05(3)=318

t0,05 (3) == 3,18 > tbl = 1,95

Hypothesis Ho Is accepted, I.e. the statistical
nonsignificance of the coefficient b1 Is
accepted with 95%.



EXAMPLE

The mean errors of parameters of the linear
regression:

O'residuals = \/ residuals /0,038 =0,195

1l .2
My, = Oresiduals o in =
x Vi




EXAMPLE

The mean errors of parameters of the linear
regression:

Oresiduals = \/ esiduals — V0,038 =0,195
1 1
My = G esiduals o /Z xZ =0,195. X¥I J22,5~0,261
x V| It




EXAMPLE

The mean errors of parameters of the linear
regression:

Oresiduals = \/ residuals /0,038 =0,195
1 5 1
My = O residuals Py /Z Xj =0,195- 5.0 71-422,5 ~ 0,261
X \ Y

b
tb — —O
0
mbo



EXAMPLE

The mean errors of parameters of the linear
regression:

Oresiduals = \/ residuals /0,038 =0,195
1 5 1
My = O residuals Py /Z Xj =0,195- 5.0 71-422,5 ~ 0,261
X \ Y

t _b_O_ 199
® m, 0,261




EXAMPLE

The mean errors of parameters of the linear
regression:

Oresiduals = \/ residuals /0,038 =0,195
1 5 1
My = O residuals Py /Z Xj =0,195- 5.0 71-422,5 ~ 0,261
X \ Y

t _b_O_ 1,99
® m, 0,261

= 1,624




EXAMPLE (conclusions)

t-test for bz
to.05(N—2)=tg05(5—2) =1t 05(3)=318



EXAMPLE (conclusions)
t-test for ba
to,05(N—2) =19 05(5—2) =1 05(3)=318
to,05(3) =318 <t, =7,624
Hypothesis Ho Is rejected, I.e. the statistical

significance of the coefficient bo Is accepted
with 95%.



EXAMPLE

The mean error of the correlation coefficient:



EXAMPLE

The mean error of the correlation coefficient:
My = 0,7471

1—r2
m, :\/ .l
n—2




EXAMPLE

The mean error of the correlation coefficient:

2
1—r _ 2
mr=\/ n_xzy :\/1 0.7471% _ 1 204




EXAMPLE

The mean error of the correlation coefficient:

ry =0,7471

2

1-r _ 2

mr:J Xy :\/1 0.7471° _ 30,
n—2 5-2

I
=2 =2 108
m, 0,384




EXAMPLE (conclusions)

t-test for r

to.05(N—2)=tg 05(5—2) =t 05(3) =318



EXAMPLE (conclusions)
t-test forr
to,05(N—2) =19 05(5—2) =1 05(3)=318
to 05(3)=318 > t, =1,95
Hypothesis Ho Is accepted, I.e. the statistical

nonsignificance of the correlation coefficient
IS accepted with probability 95%.



EXAMPLE (the built-in function LINEST

bl

m bl
RA2
Femp
S5R

0,24 1,95
0,12328528 0,201533937
0,238139535 0,194935887
3, /894730634 3
0,144 0,114

b0

m b0
Sigma res
n-2

S5E



Confidence interval with
the confidence probability ¥
or significance level &



Confidence interval with
the confidence probability /'

Regression line

\ m— == | ower limit

\\ ¢ == |Jpper limit
Emp. data

~ *




Confidence interval with
the confidence probability /'

Confidence Interval
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Figure — Regression confidence interval chart



Confidence interval with
the significance level &

Regression line

\ m— == | ower limit

\\ ¢ == |Jpper limit
Emp. data

~ *




Confidence interval with
the significance level &

Confidence Interval

100

90
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50 e
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Figure - Regression confidence interval chart




INTERVAL ESTIMATIONS

Here 7 isthe confidence probability (or level) ;

a =1—y isthe significance level.
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Definition
Confidence Level : 1 - a

The probability that the confidence interval
actually contains empirical data .

The most common confidence levels used
are 95%, 99%

95% : a=0.05 99% : a=0.01
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Confidence interval with &

¥ A
el [ |
4 |
i ' : >
X-0, X X+0,




Confidence interval with 95%

Y A
o M i

- | L

X-0, X X+0,
2

V 1-r

AV ~t n-2)o. -
Y ~t905(N—2)-0y —
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Confidence interval with &

(Vi — A i + AY;)

S O res (x—>_<)2
AY(x)=t,(n—-2). T -\1: >



Confidence interval with @ = 0,05

X Vi yth |(xi-x mean)"2 x"2 |ayth yvth-Ayth |yth+Ayth
1 1 2,15 2,23 1,00 1| 0,31e04 1,914 2,546
2 1,5 2,3 2,35 0,25 2,25 0,223474 2,127 2,573
3 2 2,6 247 0,00 4( 0,182466 2,288 2,652
4 2,5 2,8 2,59 0,25 6,25 0,223474 2,367 2,813
5 3 2,5 2,71 1,00 9( 0,21e604 2,394 3,026
Sum 10 12,35 22,5
mean 2 2,47 4.5
bl 0,24 1,99 b0
m bl 0,123288 0,261534 m b0
R A2 0,35814 0,194936 5igra res
Femp 3,7859474 3 n-2
S5R 0,144 0,114 55E
0,05 (3) 3,18
sigmax "2 0,5




Confidence interval with @ = 0,05

3,500
3,000
2,500
2,000 == == |lpper limit
= == | gwer limit
1,500 Regression line
# Empirical data
1,000
0,500
D.DDD T T T T T T 1



ELASTICITY

The elasticity coefficient iIs a number that
Indicates the percentage change that will
occur In one variable (y) when the variable x
changes one percent.

E=f'(x)

_bl'

< || > |
< || X |



ELASTICITY

The elasticity coefficient Indicates the
iInfluence of X on'Y.

=0,24- . =0,2%
2,47

E=by.

<|IX|



—l1
—y

Thank You for your
time and attention!
Hope this
presentation was
educational and
helpful to you

©
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